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ABSTRACT

This thesis study on presentation device that use microcontroller.for apply in this project.

And focus on communication-between presentation and computer. The radio wave is used to transfer

data to microcontroller and connect to computer by USB to Serial port. A Presentation device has got

many functions such. as. function to move mouse’s pointer (without put on the table) laser pointer

function next & previous slide function ' and window switching function (same press Alt + Tab).

These functions are useful for presentation.
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Pin | Name Pin funtion 7| Description

| GND Power Gound'(0V)

2 |CE Input Chip-Etiable-activates RX 0r TX mode

3 |CLK2 e} Clock outpw/input for RX data channel 2

4 |CS Input Chip Select activates Configuration mode

5 | CLK1 ji{e] Clock Input(TX)&LO(RX) for data channel 1 3-wire interface
6 | DATA 1o RX data channel 1/TX data input /3-wire interface
7 | DRI Output RX data ready at data channel 1 (ShockBurst only)
8 |DOUT2 | Output RX data channe] 2

9 |DR2 Output RX data ready at data channel 2 (ShockBurst only)
10 | VCC Power Power Supply (+3V DC)
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3.42 dauves TWsunsuilfdams

2214 Tlsunsu Visual Basic Sudeyaninnesa g ioa i uaz dsmsvhon i

znuﬂﬁﬁamswmdows Taull Source Code ﬁﬁ'\%

Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)
Private Declare Sub keybd event Lib "user32" (ByVal bVk As Byte, ByVal bScan As Byte,
ByVal dwFlags As Long, ByVal dwExtralnfo As Long)
Private Declare Function GetVersion Lib "kernel32" () As Long
Private Declare Function VkKeyScan Lib "user32" Alias "VkKeyScanA" (ByVal cChar As Byte)
As Integer
Private Declare Function VkKeyScanW Lib"user32" (ByVal'eChar-As Integer) As Integer
Private Declare Sub CopyMemory Lib "kernel32" Alias "RtiMoveMemory" (IpvDest As Any,
lpVSoufce As Any, ByVal.cbCopy As Long)
Private Declare Function SendInput Lib "user32.dll" (ByVal ninputs As Long, pInputs As
GENERALINPUT, ByVal cbSize As Long) As Long
Private Declare Function SetCursorPos Lib "user32" (ByVal X As Long, ByVal Y As Long) As
Long
Private Declare Function GetCursorPos Lib "user32" (IpPoint As POINTAPT) As Long

Private Const KEYEVENTF EXTENDEDKEY = &H1
Private Const INPUT _MOUSE =0

Private Const KEYEVENTF KEYUP = &H2

Private Const MOUSEEVENTF LEFTDOWN= &H2
Private Const MOUSEEVENTF_LEFTUP = &H4
Private Const MOUSEEVENTF_RIGHTDOWN = &H8
Private Const MOUSEEVENTF_RIGHTUP = &H10

Private Type POINTAPI
X As Long
Y As Long

End Type
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dnsirusdlumsiBonld Function azfdaln Library o4 o) #ldsunsy vB 1185en1e
R auAlIsn 338315zt A1 Constant Fulsuazriindeyafisuiy
Private Type MOUSEINPUT
dx As Long
dy As Long
mouseData As Long
dwFlags As Long
time As Long
dwExtralnfo As Long
End Type

Private Type GENERALINPUT
dwType As Long
xi(0 To 23) As Byte

End Type

Public Sub KeyDown(ByVal vKey As KeyCodeConstants)
keybd event vKey, 0, KEYEVENTF EXTENDEDKEY, 0
End Sub

Public Sub KeyUp(ByVal vKey As KeyCodeConstants)
keybd_event vKey, 0, KEYEVENTE_EXTENDEDKEY Or KEYEVENTF KEYUP, 0
End Sub

Private Sub LeftDown()
Dim GInput(0 To 0) As GENERALINPUT
Dim Klnput As MOUSEINPUT
Klnput.dwFlags = MOUSEEVENTF_LEFTDOWN
Glnput(0).dwType = INPUT_MOUSE
CopyMemory Glnput(0).xi(0), KInput, Len(KInput)
Call SendInput(1, GInput(0), Len(GInput(0)))



End Sub

Private Sub LeftUp()
Dim GInput(0 To 0) As GENERALINPUT
Dim KInput As MOUSEINPUT
Kinput.dwFlags = MOUSEEVENTF_LEFTUP
Glnput(0).dwType = INPUT_MOUSE
CopyMemory Glnput(0).xi(0), Kinput, Len(KInput)
Call SendInput(1, GInput(0), Len(GInput(0)))

End Sub

Private Sub RightDown()
Dim Glnput(0 To 0) As GENERALINPUT
Dim KlInput As MOUSEINPUT
Kinput.dwFlags = MOUSEEVENTF,_RIGHTDOWN
Glnput(0).dwType = INPUT_MOUSE
CopyMemory Glaput(0)xi(0), Kinput, Len(Kinput)
Call SendInput(1, GInput(0), Len(GInput(0)))

End Sub

Private Sub RightUp()
Dim GInput(0 To 0) As GENERALINPUT
Dim KlInput As MOUSEINPUT
Klnput.dwFlags = MOUSEEVENTF_RIGHTUP
Glnput(0).dwType = INPUT_MOUSE
CopyMemory GInput(0).xi(0), KInput, Len(KInput)
Call SendInput(1, GInput(0), Len(GInput(0)))

End Sub

Public Function KeyCode(ByVal sChar As String) As KeyCodeConstants
Dim bNt As Boolean

Dim iKeyCode As Integer



Dim b() As Byte

Dim iKey As Integer

Dim vKey As KeyCodeConstants
Dim iShift As ShiftConstants

'Determine if we have Unicode support or not:

bNt = ((GetVersion() And &H80000000) = 0)

'Get the keyboard scan code for the character:
If (bNt) Then
b = sChar
CopyMemory iKey; b(0), 2
iKeyCode = VkKeyScanW(iKey)
Else
b = StrConv{sChar, vbFromUnicode)
iKeyCode = VkKeyScan(b(0))
End If
KeyCode = (iKeyCode And &HFF&)

End Function

] P ::’ ° ¥ Ao o Y ad o
AIUUVUNATHUTHUNMUUINDDDINTTNMTRIHUYDAUIFUDSATUDIANS 9

Private Sub Form_Load()
msReceiver.CommPort = 3

'
[

9 ]
Ml lumsdmuanuioiavyes Port synsuIADIMSARAD

msReceiver.Settings = "9600,n,8,1"

a1 lumsAmuasasuea(Baud Rate) ieamusilumsdsdeya fmicuduiiade
WM, wfs’ay, snnudadoya, Stuuintlame

msReceiver.PortOpen = True

. ¥
fdafilddmiudlauazdans 19 Port oynsy
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Timerl.Interval = 100

o o dy 3 vy Y] o t
M Flunsasnalumsumanvives luusazsou

Timerl.Enabled = True

v
@

¥ Y
Srdat lFdmsSudanmsiiauvesmssana)

End Sub

Private Sub Timer]l Timer()
On Error Resume Next
Dim ABC As String
Dim pos As POINTAPI
ABC=0
ABC = msReceiver.Input

)
@

° d”d o 9 A ar 4 o
Mdatitlumsiuyavesteyaneamivinesniasuy

If ABC = "F" Then
KeyDown vbKeyUp
KeyUp vbKeyUp

End If

If ABC ="E" Then
KeyDown vbKeyMenu
KeyDown vbKeyTab
KeyUp vbKeyTab
KeyUp vbKeyMenu

End If

If ABC = "D" Then
LeftDown
LeftUp
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End If

If ABC ="H" Then
GetCursorPos pos
SetCursorPos pos.X, pos.Y - 5
End If

If ABC = "G" Then

GetCursorPos pos

SetCursorPos pos.X - 5, pos.Y
End If
If ABC ="I" Then

GetCursorPos

End If
IfABC="]
GetCursor
SetCursorP
End If
End Sub
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High frequency TRF-2.4G Transceiver module

Specification
® Frequency Range: 2.4~2.524 GHz ISM band

® Modulate Mode: GFSK

® Data Rate: 1Mbps; 250Kbps

® Multi channel operation: 125 channels, Channel switching time<200usS,
Support frequency hopping

® Emulated full duplex RF link due to the 1Mbits/s on the air data rate

® Simultaneous dual receiver

® Data slicer / clock recovery of data

® Including decoder, encoder and data buffer and“CRC.computation

® ShockBurst mode ~for ultra-low" 'power operation and relaxed MCU
performance

® Sensitivity: -90dBm

® Built in antenna

® Power supply range: +.9t0 3.6 V

® [ ow supply current (TX), typical 10.5mA peak@ -5dBm output power

® | ow supply current (RX), typical18mA peak in receive mode

® Supply current imPower Down Mode: 1 uA

® Operating Temperature: -40~+85 Centigrade

® Size: 20.5*36.5"2.4mm

® 100% RF tested

® Competitive price

Applications

Wireless mouse, keyboard, joystick

Wireless data communication

Alarm and security'systems

Home automation

Wireless Earphone

Telemetry

Surveillance

® Automotive

GENERAL DESCRIPTION

Laipac TRF-2.4G Module is an easy to use radio transceiver for the world wide
2.4 - 2.5 GHz ISM band. The transceiver consists of an antenna, a fully integrated
frequency synthesizer, a power amplifier, a crystal oscillator and a modulator.
Output power and frequency channels are easily programmable by use of the
3-wire serial interface. Current consumption is very low, only 10.5mA at an output
power of -5dBm and 18mA in receive mode. Built-in Power Down modes makes
power saving easily realizable.

2
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ELECTRICAL SPECIFICATIONS
Conditions: VCC = +3V, VSS = 0V, Ta= - 40°C to + 85°C

Symbol Parameter (condition) Notes | Min. Ttp. Max. Units
Operating conditions )
VCC Supply voltage 1.9 3.0 3.6 \%
TEMP Operating Temperature -40 +27 +85 °C
Digital input pin
VIH HIGH level input voltage VCC-0.3 vce \%
ViL LOW level input voltage Vss 0.3 A
Digital output pin
VoH HIGH level output voltage (IOH=-0.5mA) vee-0:3 vce \Y
VoL LOW level output voltage (IOL=0.5mA) Vss 0.3 \Y
General RF conditions
for Operating frequency 1) 2400 2524 MHz
Af Frequency deviation +156 kHz
RGFsk Data rate ShockBurst >0 1000 kbps
RGFsK Data rate Direct Mode 2) 250 1000 kbps
FcHANNEL | Channelspacing 1 MHz
Transmitter operation
PrF Maximum Output Power 3) 0 +4 dBm
PRrFC RF Power Control Range 16 20 dB
PrrCR RF Power Control Range Resolution +3 dB
Pew 20dB Bandwidth for Modulated Carrier 1000 kHz
PrF2 2nd Adjacent Channel Transmit Power 2MHz =20 dBm
Prr3 3rd Adjacent Channel Transmit Power 3MHz -40 dBm
Ivce Supply current @ 0dBm output power 4) 13 mA
Ivce Supply current @, -20dBm gutput power 4) 8.8 mA
Ivce Average Supply current @-5dBm output " ' 5) 0.8 mA
power, ShockBurst
Ivee Average Supply current in stand-by mode | 6) 12 LA
Ivce Average Supply current in power down I A
Receiver operation
Ivee Supply current one channel 250kbps 18 mA
Ivce Supply current one channel 1000kbps 19 mA
Ivce Supply current two channels 250kbps 23 mA
Ivce Supply current two channels 1000kbps 25 mA
RXSENS Sensitivity at 0.1%BER (@250kbps) -90 dBm
RXSENS Sensitivity at 0.1%BER (@1000kbps) -80 dBm
3
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C/Ico C/1 Co-channel 6 dB

C/hist 1st Adjacent Channel Selectivity C/I -1 dB
1MHz

C/I2nD 2nd Adjacent Channel Selectivity C/1 -16 dB
2MHz ’

C/T3rD 3w Adjacent Channel Selectivity C/I 3MHz -26 dB

RXB Blocking Data Channel 2 -41 dB

1) Usable band is determined by local regulations
2) Data rate must be either 250kbps or 1000kbps.
3) De-embedded Antenna load impedance =400
4) De-embedded Antenna load.impedance = 400 “=Effective data rate 250kbps

or 1Mbps.
5) De-embedded Anténha load impedance =400 -Effective'data rate 10kbps.

6) Current if 4 MHz erystal-is-used.
Table 1 TRF-2.4G RF speécifications

PIN ASSIGNMENT

| MCC
f DR2

DouT2
DR1

DATA
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MODE OF OPERATION
TRF-2.4G can be set in the following main mode:
Mode CE CS
Active (RX /TX) 1 0
Configuration 0 1
Stand by 0 0

Table 3 TRF-2.4G main modes
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TRF-2.4G has two active (RX /TX) modes:
® ShockBurst
® Direct Mode

The device functionality in these modes is decided by the content of a
configuration word. This configuration word is presented in configuration section.

Absolute Maximum Ratings

Supply voltages

VCC.iieieeecveenen, -0.3V to+ 3.6V
VSS ettt ov
Input/Output voltages

A"/ SO - 0.3Vt VCC +0.3V

A"/c JOUST -03Vito VCC+ 03V
Total Power Dissipation

PD (TA=85°C) .ot itreeererrresra ot 90mW.
Temperatures

Operating Temperature. ... - 40°C to + 85°C
Storage Temperature....... - 40°C to + 125°C
ShockBurst Mode

The ShockBurst technology uses on-chip FIFO to clock.in data at a low data rate
and transmit at a very high rate thus enabling extremely power reduction.

When operating the TRF-2.4G in ShockBurst, you gain access to the high data
rates (1 Mbps) offered by the 2.4 GHz band without the need of a costly,
high-speed micro

controlier (MCU) for data-processing.

By putting all high speed signal processing related to RF protocol on-chip, the
TRF-2.4G offers the following benefits:

» Highly reduced current consumption
o Lower system cost (facilitates use of less expensive micro controller)
¢ Greatly reduced risk of ‘on-air’ collisions due to short transmission time

The TRF-2.4G can be programmed using a simple 3-wire interface where the
data rate is decided by the speed of the micro controlier.

By allowing the digital part of the application to run at low speed while maximizing
the data rate on the RF link, the nRF ShockBurst mode reduces the average
current consumption in applications considerably.
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ShockBurst principle

When the TRF-2.4G is configured in ShockBurst, TX or RX operation is
conducted in the following way (10 kbps for the example only).

Vi

Contintedss TOkNDS } ,
TRF-2.4G ’ : } [

MCU | T e
[T

| ShockBurst TMbps

Figure 0 Clocking in data with MCU_and sending with ShockBursttechnology

Without ShockBurst running at speed dictated by 10Kbs MCU

<+« Wl ote RN~V R~ NV L _..

[

‘T 10mA period- 10Khs MEU with' ShockBusst

o 10 40 63 30 190 A 140 160 180 200 puly 240
Time mS

Figure 1 Current consumption with & without ShockBursttechnology

TRF-2.4G ShockBurst Transmit:

MCU interface pins: CE,"CLK1, DATA

1. When the application"MCU has data to send, set CE high. This activates
TRF-2.4G on-board data processing:
2. The address of the receiving node (RX address) and payload data is
clocked into the TRF-2.4G. The application protocol or MCU sets the speed
<1Mbps (ex: 10kbps).
3. MCU sets CE low, this activates a TRF-2.4G ShockBurst transmission.
4. TRF-2.4G ShockBurst:

¢ RF front end is powered up

¢ RF package is completed (preamble added, CRC calculated)

o Data is transmitted at high speed (250 kbps or 1 Mbps configured by

user).
¢ TRF-2.4G return to stand-by when finished

7
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TRF-2.4G
in ShockBurst
TIX(CE=Hi)?

Data content of registers:

MCU Loading
ADDR & PAYLOAD
data ADDR PAYLOAD
A
TRF-2.4G
Calculating CRC ADDR PAYLOAD CRC

——— -~ = —Maximum 256 bits

CE=Low ?

TRF-2.4G KA
Adding Preamble ADDR PAYLOAD CRC

amble

TRF-2.4G-Sending
ShockBurst-Package
(250K or 1Mbps )

Input FIFO not Empty

Sending
completed?

Figure 2 Flow Chart ShockBurst Transmit of TRF-2.4G
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TRF-2.4G ShockBurst Receive:

MCU interface pins: CE, DR1, CLK1 and DATA (one RX channel receive)
1. Correct address and size of payload of incoming RF packages are set
when TRF-2.4G is configured to ShockBurst RX.
2. To activate RX, set CE high.
3. After 200 s settling, TRF-2.4G is monitoring the air for incoming
communication.
4. When a valid package has been received (correct address and CRC
found), TRF-2.4G removes the preamble, address and CRC bits.
5. TRF-2.4G then notifies (interrupts).the MCU by setting the DR1 pin high.
6. MCU may (or may not)set-the CE low to-disabie the RF front end (low
current mode).
7. The MCU will.clock out just the payload data ata suitable rate (ex. 10
kbps).
8. When all payload data-is retrieved TRE-2.4G sets DR1 low.again, and is
ready for new incoming data package if CE is kept high during data
download. If the CE was set low,; a new start up sequence can begin, see
Figure 2.
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RF-2.4G
in ShockBurst
RX?

Data content of registers:

TRF-2.4G
> Detects Preamble & e | ADDR PAYLOAD | CRC
Incoming Data

ADDR PAYLOAD CRC

TRF-2.4G
Receives Data & ADDR PAYLOAD CRC

Checking CRC

NO
ADDR PAYLOAD CRC

YES
TRE-2.4G
Set Data Ready
(DR112) High PAYLOAD
A
MCU
Clock out Payload PAYLOAD

RF-2.4G
Register
Empty?

YES

TRF-2.4G
Set Data Ready Output Register Empty
(DR1/2) Low

Figure 3 Flow Chart ShockBurst Receive of TRF-2.4G
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TRF-2.4G Direct Mode:
In direct mode the TRF-2.4G works like a traditional RF device. Data must be at
1Mbps, or 250kbps at low data rate setting, for the receiver to detect the signals.

Direct Mode Transmit:

MCU interface pins: CE, DATA
1. When application MCU has data to send, set CE high
2. The TRF-2.4G RF front end is now immediately activated, and after 200
seconds settling time, data will modulate the carrier directly.
3. All RF protocol parts must hence be implemented in MCU firmware
(preamble, address and CRC).

Direct Mode Receive:

MCU interface pins: CE; CLK1,.and DATA
1. Once the TRF-2.4G is configured and powered up (CE high) in direct RX
mode, DATAwill start to-toggle due to noise present on the air.
2. CLK1 will also start to toggle as TRF+-2.4G is trying to lock on to the
incoming data stream.
3. Once a valid preambie arrives, CLK1 and DATA will lock on'to the
incoming signal and the RF. package will appear at the DATA pin with the
same speed as it is transmitted.
4. To enable the demodulator to re-generate the clock; the preamble must be
8 bits toggling hi-low, starting with low if the first data bit low.
5. In this mode no data ready (DR) signals'is available. Address and
checksum verification must.aiso be done in the receiving MC.

DuoCeiver Simultaneous Two Channel Receive Mode
In both ShockBurst & Direct modes-the TRE-2:4G.can facilitate simultaneous
reception of two parallel independent frequency channels.at'the maximum data
rate.
This means:
¢ TRF-2.4G can receive data from two 1 Mbps transmitters, 8 MHz (8
frequency channels) apart through one antenna interface.
e The output from the two data channels is fed to two separate MCU
interfaces.
e Data channel 1: CLK1, DATA, and DR1
e Data channel 2: CLK2, DOUTZ2, and DR2
¢ DR1 and DR2 are available only in ShockBurst.
The DuoCeiver technology provides 2 separate dedicated data channels
for RX and replaces the need for two, stand alone receiver systems.
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TRF-2.4G
TX/RX

TRF-2.4G %

TX/RX
< t TRF-2.4G
TX/RX

Figure 4 Simultaneous 2 channel receive on TRF-2.4G
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—
Clock ADDR, ™ DRI
Feey ™ Recovery.  CRC | CLKI > Data(F_.)
DataSlicer Check __,.J DATA
—
Clock ADDR. [~ DR2
Fre-=Frey*8MHz  ——m= Recovery. ) CRC —» CLK2 > Data(Fg--)
DataShcer Check _J DOUT?
s

Figure 5 DuoCeiver with two simultaneously independent receive channels.

Configuration Mode

In configuration mode a configuration word of upto 15 bytes is downloaded to
TRF-2.4G. This is.done through a simple 3-wire interface (CS, CLK1 and DATA).
For more information on configuration please refer to the TRF-2.4G Device
configuration chapter on next 2nd page.

Stand-By Mode

Stand by mode is used to minimize average current.consumption while aintaining
short start up times. In-this mode, part of the crystal oscillator.is active. Current
consumption is dependent on crystal frequency (Ex: 12uA @ 4 MHz, 32uA@
16MHz). The configuration word content is maintained during stand by.

Power Down Mode

In power down the TRF-2.4G is disabled with minimahcurrent consumption,
typically less than 1 A. Entering this mode whenthe device is not active
minimizes average current consumption,-maximizing battery lifetime. The
configuration word content is maintained during power down.
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DEVICE CONFIGURATION

All configuration of the TRF-2.4G is done via a 3-wire interface to a single
configuration register. The configuration word can be up to 15 bytes long for
ShockBurst use and up to 2 bytes long for direct mode.

Configuration for ShockBurst operation

The configuration word in ShockBurst enables the TRF-2.4G to handle the RF
protocol. Once the protocol is completed and loaded into TRF-2.4G only one byte,
bit[7:0], needs to be updated during actual.operation.

The configuration blocks-dedicated to ShockBurst is as follows:
¢ Payload sectionwidth: Specifies the number of payload bits in a RF package.
This enables the TRF-2.4G to distinguish between payload data and the CRC
bytes in a received package.
o Address width: Sets the number. of bits used for address in the RF package.
This enables the TRF-2.4G to distinguish between address and.payload data.
e Address (RX,Channel 1 -and 2): Destination address for received data.
e CRC: Enables- TRF-2.4G on-chip CRC generation and de-coding.

NOTE:

These configuration blocks, with the exception of the CRC, are dedicated for the
packages that a TRF-2.4G is-to receive.

In TX mode, the MCU must generate an address and a payload section that fits
the configuration of the TRF-2:4G that is to receive the data.

When using the TRF-2.4G on-chip CRC. feature ensure that CRC is'enabled and
uses the same length for-both the TX and RX devices.

PRE-AMBLE | ADDRESS. | PAYLOAD | crc |
Figure 6 Data-packet set-up

Configuration for Direct Mode operation

For direct mode operation only the two first bytes (bit[15:0]) of the configuring
word are relevant.
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Configuration Word overview

Bit Number | Name Function

position | of bits

= | 143:120 24 TEST Reserved for testing

=]

T | 119:112 8 DATA2 W | Length of data payload section RX channel 1
o]

ED 111:104 8 DATAI1_W | Length of data payload section RX channel 1
S |103:64 40 ADDR?2 Up to § bytes address for channel 2

o

7 | 63:24 40 ADDRI1 Up to 5 bytes address for channel 1

é 23:18 6 ADDR W | Number of address.bits(both RX channels)

_§ 17 1 CRC.L 8 or 16 bits CRC

“ |16 1 CRC EN Enable on-chip CRC generation/checking

= 15 1 RX2 EN Enable two channel receive mode

;5 14 1 CM Communication mode ( Direct or ShockBurst)
?n 13 1 RFDR_SB. || RF datarate (1Mbps requires 16MHz crystal)
% 12:10 3 XO F Crystal frequency (Factory default 16MHz crystal mounted)
o

g 9:8 2 RF PWR ' ["RF output power

D

=

K 7:1 7 RE_CH# Frequency channel

)

g |o 1 RXEN RX or TX operation

Table-4 . -Table of configuration words.

The configuration word'is shifted in-MSB first-on positive CLK1'edges. New
configuration is enabled on the falling edge of CS.

NOTE.

On the falling edge of CS, the TRF-2.4G updates the number of bits actually
shifted in during the last configuration.

Ex:

If the TRF-2.4G is to be configured for 2 channel RX in ShockBurst, a total of 120
bits must be shifted in during the first configuration after VCC is applied.

Once the wanted protocol, modus and RF channel are set, only one bit (RXEN) is
shifted in to switch between RX and TX.
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Configuration Word Detailed Description

The following describes the function of the 144 bits (bit 143 = MSB) that is used to
configure the TRF-2.4G.

General Device Configuration: bit[15:0]
ShockBurst Configuration: bit[119:0]
Test Configuration: bit[143:120]

%153 TEST
D123 D122 T o4l [ 21 [ Dise [ D13 [ pia? [ Dla¢
Resarced for testinz

I 7o [ o T 717 T "7 71 % SEE ]
MS3 [ NE
Tt | Lot | oo | oi: | oo | oo | ows |Lows | o | T | bt Lo | oi: o | ot | o
Reserved fo: ta2ing Chas FLL e T
a1t _Te e [+ & Foeje ¢ T3 18 71— ]7v 1 T l¢ |
ATAT W

DI5 [ Dltg | DIIT | DL€ [DaF [ o1 Touz [ bl
Data width chanmel=l m® of mts exciuding adds cre
o [ o [ 1 J o] o[y ] s ] ¢ Sk

ATAL W
D11 [ Dl [ Dioe T oleg [ bict [ Dlcs ] Dos [ oind
Datz wid: chansel=l m = of nt, exciudme z2dd crc

G | ¢ | 1. ] o e AT s Tt SeEE

ADDED
DIC [ D19 [ Dl . [ 271 [ D°Y | Dex | De8 [ D&t T [ D66 1355 [ 83
Changazl=] Address 3¢ 1un 1048k
0 | 0 b P W Srwier= | Y eeteans W ™ ENSyrerl= Pl 6
ADDRL
D3 [ D& [ Déi [ .. [D3r [ 23 [Dig [o2s [Dar [D2s [D% o4
Channazl Addre:s BX fun 39 40biD
T 1 ¢ T V] [ LIEI [ NDON € ] Wy AN JIPT - [a=F
ADX W
D230 | D2 [ D2 I Dig o8
Adédvess wadia i = of buts Jooth chanals)
s T s T 1 1 o0« Is S~
(RL
D17 2.8
CRC Mede 1 = [6bit. £ = 8k CRC . = amaxla:G= Li-able
T B SeEa |
RF-Progranmung 133
D.e DI DI J3IZ]DI [ [DS [2% OO [DE [D5 D JD: J22 [DI] X
TaaCh 3T (8] O F.equenny EF Pewsr Chanzel selection SXEN
9 3 ] S |1 [1 i |1 o o e J¢ 7 ¢ C N

Table 5 Configuration data word
The MSB bit should be loaded first into the configuration register.

ShochBurst configuation:

The section B[119:16] contains the segments of the configuration register
dedicated to ShockBurst operational protocol. After VCC is turned on ShockBurst
configuration is done once and remains set whilst VCC is present. During

16
Laipac Technolegy Inc. -www.laipac.com Phone +1-905-7621228 Fax +1-905-7631737



operation only the first byte for frequency channel and RX/TX switching need to
be changed.

DATAX_W
DATA2_W
o [us |z fue Jus  Jus  [uz |2
DATAI_W
1t |10 109 |108 ]107 106 105 | 104
Table 6.Number of bits in payload.
Bit 119 — 112:

DATA2_W:Length of RF package payload section for receive-channel 2.
Bit 111 — 104:
DATA1/W: Length of RF package payload section for receive-channel 1.
NOTE:
The total number of bits in a ShockBurst RF package may not exceed 256!
Maximum length of payload section is hence given by:
DATAx_W(bits) = 256:ADDR\W +CRC
Where:
ADDR_W:1ength of RX address set in configuration word B[23:18]
CRC:‘check sum, 8 or 16 bits set in configuration word B[17]
PRE: preamble, 4 or8 bits are automaticallyincluded
Shorter address and’CRC leaves more room for payload data in each package.

ADDRXx
ADDR2
103 | 102 [ 101 | ... ... |71 |70 |60 [68 |67 |66 [65 |64
ADDRI1
63 |62 |61 |.... 31 [30 |29 |28 |27 |26 |25 |24
Table 7 Address of receiver #2 and receiver #1.
Bit 103 —- 64

ADDR2: Receiver address channel 2, up to 40 bit.
Bit 63 — 24;: ADDR1
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ADDR1: Receiver address channel 1, up to 40 bit.

NOTE!
Bits in ADDRx exceeding the address width set in ADDR_W are redundant
and can be set to logic 0.

ADDR_W& CRC

ADDR W CRC_L |CRC_EN
23 | 22 | 21 20 | 19 | 18 17 16
Table 8 Number of bits reserved for RX address + CRC setting.

Bit 23 — 18:
ADDR_W: Number of bits.reserved for RX"address in ShockBurst
packages.
NOTE:
Maximum number of address bits-is 40(5 bytes). Values over 40 in
ADDR’W are not-valid.
Bit 17:
CRC_L: CRC length to be calculated by TRF-2.4G in ShockBurst.
Logic 0: 8bit CRC
Logic 1: 16 bit CRC
Bit: 16:
CRC _EN: Enables on-chip CRC generation (TX) and verification (RX).
Logic 0:On-chip CRC generation/checking.disabled
Logic 1::0On-chip CRC generation/checking enabled
NOTE:
An 8 bit CRC will increase the number of payload.bits/possible in
each ShockBurst-data packet,-but will also reduce the system
integrity.

General device configuration:

This section of the configuration word handies RF and device related parameters.
Modes:
RX2 EN CcM RFDR_SB XO_F RF_PWR

15 14 13 12 11 10 9 8

Table 9 RF operational settings.
Bit 15:
RX2_EN:
Logic 0: One channel receive
Logic 1: Two channels receive
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NOTE:
In two channels receive, the TRF-2.4G receives on two, separate
frequency channels simultaneously. The frequency of receive channel
1 is set in the configuration word B[7-1], receive channel 2 is always 8
channels (8 MHz) above receive channel 1.
Bit 14:
Communication Mode:
Logic 0: TRF-2.4G operates in direct mode.
Logic 1: TRF-2.4G operates in ShockBurst mode
Bit 13:
RF Data Rate:
Logic 0: 250 kbps
Logic 1: 1 Mbps
NOTE:
Utilizing 250 kbps instead of 1Mbps willimprove the receiver
sensitivity by 10 dB- 1Mbps requires 16MHz crystal.
Bit 12-10:
XO_F: Selects the TRF-2.4G crystal frequency. to be used:

XO FREQUENCY SELECTION
D12 D11 D10 Crystal Frequency (MHz)
0 1 1 16

Factory default: 16MHz Crystal is used inside module
Table 10 Crystal frequency setting:

Bit 9-8:
RF_PWR: Sets TRF-2.4G RF output-power in transmit mode:
RE.QUTPUT POWER

D9 D8 P (dBm)

0 0 20

0 1 -10

i 0 -5

1 1 0

Table 11 RF output power setting.

RF channel & direction

RF_CH# RXEN
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Table 12 Frequency channel + RX / TX setting.
Bit 7 — 1:
RF_CH#: Sets the frequency channel the TRF-2.4G operates on.
The channel frequency in transmitis given by:
Channelys = 2400MHz + RF _CH# *1.0MHz
RF_CH #: between 2400MHz and 2527MHz may be set.
The channel frequency in data channel 1 is given by:
Channelre = 2400MHz + RF CH# *1.0MHz (Reiceive at PIN#S)
RF_CH #: between 2400MHz and 2524MHz may be set.
NOTE:
The channels above 83-can-only be utilized.in certain territories (ex: Japan)
The channel frequency in"data channel 2 is given by:
Channelre = 2400MHz + RF-CH# *1.0MHz+8MHz (Reiceive.at PIN#4) ???
RF_CH #: between 2408MHz and 2524MHz may be set.
Bit O:
Set active mode:
Logic 0: transmit mode
Logic 1: receive mode
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DATA PACKAGE DESCRIPTION

PRE-AMBLE | ADDRESS PAYLOAD CRC
Figure 7 Data Package Diagram

The data packet for both ShockBurst mode and direct mode communication is
divided into 4 sections. These are:

1 o The preamble field is required in ShockBurst and Direct modes
PREAMBLE | ¢ Preamble is 8 (or 4) bits in length and is-dependent of the first data bit in
direct mode.

PREAMBLE 1st ADDR-BIT

010101010

101010101

¢ Preamble is-automatically added to the data packet-in ShockBurst and
thereby gives-extra space for payload.

o Tn ShockBurst mode the preamble is stripped from the received output

data, in direct mode the preamble is transparent to.the output data.

2 ADDRESS | e The address field is required in ShockBurst mode.
« 8 to 40 bits-length:
o Address automatically removed from received packet in ShockBurst

mode. In Direct mode MCU must handle address.

3 PAYLOAD | e Thedatato be transmitted

e In Shock-Burst mode payload size is 256 bits minus the following:
(Address: 8 to 40 bits. + CRC 8 or 16 bits).

e In Directmode the payload size is defined by 1Mbps for 4ms: 4000 bits
minus the following: (Preamble: 8 (or4) bits. + Address: 8o 40 bits. +
CRC: 0, 8 or 16 bits).

4 CRC e The CRC is optional in ShockBurst mode,

and is not used in Direct mode.

» 8 or 16 bits length

¢ The CRC is stripped from the received output data.

Table 13 Data package description
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IMPORTANT TIMING DATA

The following timing applies for operation of TRF-2.4G.
TRF-2.4G Timing Information

i TRF-2.4G timing Max. Min. Name
PWR_DWN => ST BY mode 3ms Tpd2sby
PWR_DWN =>Active mode (RX/TX) 3ms Tpd2a
ST_BY => TX ShockBurst 195us Tsby2txSB
ST_BY => TX Direct Mode 202us Tsby2txDM
ST_BY => RX mode 202us Tsby2rx
Minimum delay from CS to data Sus Tcs2data
Minimum delay from CE to data Sus Tce2data
Minimum delay from DR1/2 to clk 50ns Tdr2clk
Maximum delay from clk to data 50ns Tclk2data
Delay between edges 50ns Td
Setup time 500ns Ts
Hold time 500ns Th
Delay to finish internal GFSK data 1/data rate Tfd
Minimum input clock high 500ns Thmin
Set-up of data in Direct Mode 50ns Tsdm
Minimum clock high'in Direct Mode 300ns Thdm
Minimum clock low in Direct Mode 230ns Tldm

Table 14 Switching times for TRF-2.4G

When the TRF-2.4G'is in power down it must always settle in stand-by (Tpd2sby)
before it can enter configuration or one of the active modes.

VCC i

i
!
cs ;

CE
CLK1 OOCCOO00CC
baTa 1 0noonnonnony

| !
G i w cman o PN R

Tpd2shy
Figure 8 Timing diagram for power down (or VCC off) to stand by mode
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e /

an _| LO00000000000K

aa 000000000000
! !

3

Tpdaa

Figure 9.Power down (or VCC off) to activesmode

Note that the configuration word will be lost when VVCCis turned. off and that the
device then must be configured before going to one of the active modes. If the
device is configured one can go directly from power down to the wanted active
mode.
Note:

CE and CS may not be high at the same time. Setting one or the other
decides whether configuration or active mode is entered.
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Configuration mode timing

When one or more of the bits in the configuration word needs to be changed the
following timing apply.

vee
cs ‘“““;“k
CE
CLKT
pAaTA  TRERN

csif
CE ,
(ehmin »
CLK 1| /’__\hﬁnﬁ7==%\__
4 :
DATA [ X MSB %( b4
e _'i‘ _ ’i
§ s Th
£
B

Figure 10 Timing diagram-for configuration‘of TRF-2.4G
If configuration mode is entered.from power down,’CS can be set high after
Tpd2sby as shown in Figure10.
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ShockBurst mode timing

ShockBurst TX:

tel

vCC

CS
ce | ¥

CLK1 m_,_)! UVIUU"""
para WL YO0 - -~ -

ANT1/ANT2

Figure 11 Timing-of ShockBurst in' TX
The package length and the data.rate give the-delay-Toa (time on air), as shown

in the equation.
Toa = 1/datarate * (#databits +1)
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ShockBurst RX:

t=9

i |
vCC i I
|
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CE i ; A ;
DR1/2 A A
i |
CLK1/2  ThONNY. ; fWW"""?UUUUL._
DATA/DOUT2 L OO0 =~ == =0000C
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ANT1/ANTZ T T
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Td  Tsby2rx /f'i N
22 ¥ )
) TPy N
I i
cel \ i
I t
DR"‘#’?}/ ;Tmm 1 I
GLK’HZ%..J' M
DATA? LA >,< X |
DOLUT24 g Y NN 1
5 2
-

Figure 12 Timing of ShockBurst.imRX
The CE may be kept high'during downloading of data, but-the cost is higher
current consumption (18mA) and the benefit is no start-up time (200 s) after the
DR1 goes low.

Direct Mode
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Direct Mode TX

{20

vee
cs W _
CE J : .
okt T _ f .
DATA S 0000 = - - = 000000
ANT1/ANT2 : HE00E - - - - 100000
Td Tsby2o®oM | ToaOM T

Figure 13 Timing . of direct mode TX

In TX direct mode the input data will be sampled by TRF-2.4G and therefore no

clock is needed. The clock must be stable at low level during tfransmission due to

noise considerations. The exact delay Tsby2txDM is given by the equation:
Taoyorom = 194US + 1/Fxo * 14+ 2.25uS

27
Laipac Technology Inc. -www.laipac.com Phone +1-205-7621228 Fax +1-905-7631737



Direct Mode RX

vCC
CS
CE
CLK1/2
DATADOUT2

ANTT/ANT2
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l I
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mmwmj{ B %’ TR — ”"\m
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i (R R s n s RN oo
DO - - 00000,
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=
< -
# . ~ \i
# >
CE: , ’Tmm : T‘m ' g
SRR AN Y B, S H
paTaDoUT2 1At WL DT X
; e \
Tsdm

Figure 14 Timing of direct mode RX

Tsby2rx describes the delay from the positive edge of CE to the start detection of
(demodulated) incoming data.

PERIPHERAL RFINFORMATION

Laipac Technology Inc.
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Antenna output

The ANT1 & ANTZ2 output pins provide a balanced RF output to the antenna. The
pins must have a DC path to VCC, either via a RF choke or via the center point in
a dipole antenna. The load impedance seen between the ANT1/ANT2 outputs
should be in the range 200-700 . A de-embedded load impedance i.e.
impedance seen at drain terminals of the output transistors of 400 _ is
recommended for maximum output power (0dBm). Lower load impedance (for
instance 50 ) can be obtained by fitting a simple matching network.

Output Power adjustment

Power setting bits of RF output power DC current
Configuring word consuniption
11 0.dBm +3dB 13.0 mA
10 -5 dBm +3dB 10.5 mA
01 -10 dBm +3dB 9.4 mA
00 -20 dBm +3dB 8.8 mA

Conditions: VCC = 3.0V, VSS =0V, TA = 27°C, Load impedance = 400

Table 15 RF-output power setting for the TRF-2.4G.
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Configuration Word Example
1 Channel, Freq.: 2410MHz, 1Mbps and Transmit mode:

Laipac Technology Inc,

Bit143 Bit142 Bit41 Bit140 Bit139 Bit138 Bit137 Bit136
1 0 0 0 1 1 1 0
Bit135 Bit134 Bit133 Bit132 Bit131 Bit130 Bit129 Bit128
0 0 0 0 1 0 0 0
Bit127 Bit126 Bit125 Bit124 Bit123 Bit122 Bit121 Bit120
0 0 0 1 1 1 0 0
Bit119 Bit118 Bit117 Bit116 Bitl15 Bitl14 Bit113 Biti12
1 1 0 0 1 0 0 0
Bitl11 Bit110 Bit109 Bit108 Bit107 Bit106 Bit105 Bit104
1 1 0 0 1 0 0 0
Bit103 Bit102 Bit101 Bit100 Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 i 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bitd7 Bit46 Bit45 Bitd4 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bitl6
1 0 1 0 0 0 1 1
Bitl$ Bit4 Bitl3 Bit12 Bitl1 Bit10 Bit9 Bit8
0 1 1 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 0

Table 16 Configuration Example
30
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Laipac Technology Inc.
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19-0175; Rev 3; 5/96

+15kV ESD-Protected, +5V RS-232 Transceivers

General Description

The MAX202E-MAX213E, MAX232E/MAX241E line
driversireceivers are designed for RS-232 and V.28
communications in harsh environments. Each
transmitter output and receiver input is protected
against +15kV electrostatic discharge (ESD) shocks,
without latchup. The various combinations of features
are outlined in the Sefection Guide. The drivers and
receivers for all ten devices meet ali EIATIA-232E and
CCITT V.28 specifications at data rates up to 120kbps,
. when loaded in accordance with the EIA/TIA-232E
specification.

The MAX211E/MAX213E/MAX241E are-available in 28-

M AXIM

Features

¢ ESD Protection for RS-232 1/O Pins:

+15kV—Human Body Model

+8kV—IEC1000-4-2, Contact Discharge
+15kV—IEC1000-4-2, Air-Gap Discharge

+ Latchup Free (unlike bipolar equivalents)
¢ Guaranteed 120kbps Data Rate—LapLink™

Compatible

4 Guaranteed 3V/us Min Slew Rate
¢ Operate from a Single +5V Power Supply

pin SO packages, as well as a 28-pin SSOP that uses = =
60% less board space. The MAX202E/MAX232E come Pin Configurations
in 16-pin narrow SO, wide SO, and-DIP packages. The
MAX203E comes in a 20-pin DIP/SO package, and TOP VIEW
needs no external charge-pump capacitors. The o A
MAX205E comes n a 24-pin wide DIP package, and Cls E 164 Vee
also eliminates external charge-pump capacitors. The v E GND
MAX206E/MAX207E/MAX208E come in 24-pin SO.
SSOP, and narrew DIP. packages, The MAX232E/ o 51 A ful o
MAX241E operate with four 1F capacitors, while the cofa} Moz [l em
MAX202E/MAX206E/MAX207 E/MAX208E/MAX211E/ a5l | MR | o
MAX213E operate with-four O.11F capacitors, further
reducing cost and board space. v-[8] Bl
Applications Toour {7 12N
w8} 5] reour
Notebook, Subnotebook, and Palmtop Computers
Battery-Powered Equipment DIP/SO
Hand-Held Equipment Pin Configurations and Typical Operating Circuits continued at
end of data sheel.
Ordering Information appears at end of data sheet. i .
Selection Guide
PART No.ofRS-232, [\No.otRS-232 | RCtirEn> " o8 | COW.POWER | TTLTHREE-
DRIVERS RECEIVERS SHUTDOWN CAPACITORS SHUTDOWN STATE
MAX202E 2 2 0 4(0.1yF) No No
MAX203E 2 2 o] None No No
MAX205E 5 5 0 None Yes Yes
MAX206E 4 3 0 4 {0.1pF) Yes Yes
MAX207E 5 3 0 4 (0.1pF) No No
MAX208E 4 4 0 4 (0.1pF) No No
MAX211E 4 5 0 4 {0.1pF) Yes Yes
MAX213E 4 5 2 4 (0.1pF) Yes Yes
MAX232E 2 2 0 4 (1pF) No No
MAX241E 4 5 0 4 (1pF) Yes Yes

Laplink is a registered trademark of Traveling Software, Inc.

MAXIMN

Maxim Integrated Products 1

For free samples & the latest literature: hitp//www.maxim-ic.com, or phone 1-800-998-8800
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MAXZ202E-MAX213E, MAX232E/MAX241E

215kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS

.............. -0.3V 10 +6V

(Vcc 0.3V) 10 +14V
=14V 10 +0.3V

-0.3Vto (V+ + 0.3V)
+30V

(V- - 0.3V) to (V++ 0.3V)
& -0.3V.t0 (Vo + 0.3V)
Short-Circuit Duration, T_OUT....c.covvvreieimiinani. Conttinuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)....842mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C}.....696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C}.......762mW
20-Pin Plastic DIP {derate 11.11mW/°C above +70°C)...889mW

20-Pin SO (derate 10.00mW/°C above +70°C)............. 800MW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above + 70°C) ..c.cririveeneierienines 1.07W
24-Pin Wide Plastic DIP

{derate 14.29mW/°C above +70°C)...cc.ccvviverneniecenerenn 1.14W

24-Pin SO (derate 11.76mW/°C above +70°C)..
24-Pin SSOP (derate 8.00mW/°C above +70°C).........
28-Pin SO (derate 12.50mW/°C above +70°C)......
28-Pin SSOP (derate 8.52mW/°C above +70°C) .......... 762mW
Operating Temperature Ranges

MAX2. _EC_ _ 0°C to +70°C

MAX2_EE_ s .-40°C to +85°C
Storage Temperature Range........... -65°C to +165°C
Lead Temperature (soldering, 1056€) .c....cvevicvvveninnnns +300°C

Stresses beyond those listed under "Absolute Maximurm Ratings ™ may cause permanent damage 10 the device. These are stress ratings only. and furictional
gperation of the device at these or any other coruditions beyond those indicated in the operational sections of the specifications is niot implied. Exposure to
absoiute maximum rating conditions for extended periods may effect device reliabifity

ELECTRICAL CHARACTERISTICS
Ve =

+5V +10% for MAX202E/206E/208E/21TEI213E/232E/241E; Ve =

+5V 5% for MAX203E/205E/207E; C1-C4 = O.1pF for

MAXZ202E/206E/207E/208E/211E/213E: C1-C4 = 1pF for MAX232E/241E; TA = TMIN to Tmax: unless otherwise noted. Typical values

areat TA = +25°C.)

PARAMETER l SYMBOL CONDITIONS MIN  TYP MAX |UNITS
DC CHARACTERISTICS
T MAX202E/203E g |15

MAX205E-208E 11 20

Ve Supply Current Icc No load, TaA = +25°C MAX211E/213E 14 20 mA
MAX232E 5 10
MAX241E 7 15
MAX205E/206E 1 10

Shutdown Supply Current Ta = +25°C, Figure 1 MAX211E/241E 1 10 PA
MAX213E 15 50

LOGIC

input Pull-Up Current T_IN = OV (MAX205E-208E/211E/213E/241E) 15 200 UA

Input Leakage Current T_IN =0V to Voo (MAX202E/203E/232F) +10

Input Threshiold Low Vi %Néﬁghs(m%\ézzl)ﬁ)/g 1E/241E) 08 v

T_IN 20
Input Threshold High VIH | EN, SHDN (MAX213E) or EN, SHDN 24 v
(MAX205E-208E/211E/241E) ’

Output Votiage Low VoL | 5L 1 B MAXZOSE/20BE 2\ EZTSE 2 41E) o5 | v

Output Voltage High VoH | R.OUT; lout = -1.0mA 3.5 Vee- 0.4 Y

Output Leskage Current ffixz‘é‘éﬁlgg'w?;’ 1 g/\;f 312(/)2?1:55 Y)ﬁt(;;ms disabled $0.05 £10 | pA

MAXIMN




+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

{Vce = +5V £10% for MAX202E/206E/208E/211E/213E/232E/241E; Vcc = +5V 5% for MAX203E/205E/207€; C1-C4 = O.1pF for
MAX202E/206E/207E/208E/211E/213E; C1-C4 = 1pF for MAX232E/241E; Ta = TMiN to Tmax; unless otherwise noted. Typical values

areatTa = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
EIA/TIA-232E RECEIVER INPUTS
Input Voltage Range -30 30 A
= All parts, normal.operation 0.8 1.2
Input Threshold Low Ia=+257C, | MAX213E, SADN - oV, v
Vee =5V 0.6 1.5
EN ='Vce .
All parts, normal operation 1.7 2.4
. Ta=+25°C,
Input Threshold High Vee o 5V MAX213E {R4, R5), v
cc=5 i 15 2.4
SHDN =0V, EN = Vcc
Input Hysteresis Ve = 5Y, no hysteresis in shutdown 0.2 0.5 1.0 A
Input Resistance TA = +25°C, Vce = 5V ’ 3 5 7 kQ
EIA/TIA-232E TRANSMITTER OUTPUTS
Output Voltage Swing Al drivers loaded with 3kQ to ground (Note 1) +5 +9 v
Output Resistance Voo =V+ = V- = OV, Vout = +2V 300 Q

Output Short-Circuit Current +10 60 mA

TIMING CHARACTERISTICS
h RL = 3kQto 7k, CL = 50pF10-1000pF,
Maximum Data Rafg one transmitter switching - kbps
“ Al parts, normal operation 0.5 10
Receiver Propagation Delay ‘t';;‘f; Cu = 150pF MAX213E (R4, R5), » A ps
: SHDN = OV, EN = Vce
Receiver Qutput Enable Time gﬂpg)gt?cfrs/i?;li/:y g Sy 600 ns
Receiver Output Disable Time ?)Apf;):zft?c?rs li?gslilj? 21362 200 ns
Transmitter Propagation Dela LPLHT. Ri=.3kQ, C| = 2500pF, all ransmitters loaded 2 S
pag y T

tPHLT

Ta= +25°C/Vce = 5V, Ry = 3kQ to 7k,
Transition-Region Slew Rate CL.= 50pF to 1000pF, measured from-=3V to 3 6 30 Vius
+3V or +3V to -3V, Figure 3

ESD PERFORMANCE: TRANSMITTER OUTPUTS, RECEIVER INPUTS

Human Body Model +15
ESD-Protection Voltage IEC1000-4-2, Contact Discharge +8 kv
IEC1000-4-2, Air-Gap Discharge £15

Note 1: MAX211EE_ _ tested with Vge = +5V £5%.

MNAXIM 3
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics

(Typical Operating Circuits, Vcc = +5V, TA = +25°C, unless otherwise noted.)

MAX232E MAX202E/MAX203E MAX281E
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE TRANSSHTTER OUTPUT VOLTAGE
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE vs. LOAD CAPACITAKCE
8.0 T T T T T T |z 20 I o o ey o | 80 T3
ALL TRANSMITTERS LOADED g ALL TRANSMITTERS LOADED § ALL TRANSMITTERS LOADED i
DATA RATE = 170kbps DATA RATE = 120Ktps DATA RATE = 120kbps
75 K R- %0 — 75 R-%0 ] 75 N \\\ R 30 H
< 10 AN ~ 70 NG 70 1IN \\ L] [
z = | g7 Veg e 5.5V
= \\ Voo S 6s ” \\ A g 45 \\ N~
- ~ T O Vee =50V =
= V=50V » = \[L\ ¥ = /4‘1\ N
= 60 > 60 < AN\ S 60 N¥ce =5 0N
N N \\ NN
A NN\ NEAN N\
58 Voo S \\ N 52 Dy \\ A » AT NN
e Veg= 45V =
50 Pl N 50 TS ) SN N \ 50 l l | \\ N ™
0 1000 2000 | 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (pF} LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
MAX211E/MAX213E MAX211E/MAX213E/MAX241E
TRANSMITTER OUTPUT VOLTAGE TRAKSMITYER SLEW RATE
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE
80 g A 30 P — ey
ALL TRANSMITERS LOADED § ALL TRANSMITEERS LOADED g
DATARATE - 120 DATA RATE = 120kbps
75 X Y 2 e
< 70 N g2
g \\ S
< 35
(=3 (s
z e N Vec55v 5
2 6.0 = Vs Y § 10 ™
N v \\\\ “SLEW RATE
M RNELNAS § ~
) \ SSLEWRATE | -
50 L4 Vg SOV 0 | |
0 1000 2000 3000 4000 5000 01000 2000 3000 4000 5000
LOAD CAPACITANCE (pf) LOAD CAPACITANCE (pf}
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+15kV ESD-Protected, +5V RS-232 Transceivers

+ +
+5Y T——————ﬂ———) W5V P‘f——*—ﬂ-—a
0 e T 0 1pF* 0 yF T 0y
. _b Cle Vee Vs o _-l-:_,‘__ﬂ Ci+ Voo Ve
-
o maxaaa o T MAXIM |01,
MAX2 _E v _9 ,—_I_ M2 _F v _ﬂ__l_

L C2 yee — 1% vee —

OWF P
] T _{ca
»—
i 4 = 50pF
- ) 1
1 . L L
OV {+5V) ] ooy 1 - oV {+5V) R - -
OV (+5V) = SHON (SAGN) ! OV (+5V) w—f SHDN (SRDN) 1
MINIMUM SLEW-RATE TEST CIRCUIT MAXIMUM SLEW-RATE TEST CIRCULT
{ JARE FOR MAX213E
¢ 1F FOR MAX232E/MAX24TE
TRANSMITTER INPUT PULL-UP RESISTORS. ENABLE, AND SHUTDOWN ARE NOT PROVIDED ON THE MAX202E, MAX203E, AND MAX232F
ENABLE AND SHUTDOWN ARE NOT PROVIDED ON THE MAX207E AND MAX208E.

Figure 3. Transition Slew-Rate Circuit

Detailed Description

The MAX202E-MAX213E, MAX232E/MAX241E consist of
three sections: charge-pump voltage converters,
drivers {transmitters), and receivers. These E versions
provide extra protection against ESD. They survive
+15kV discharges to the RS-232 inputs and outputs,
tested using the Human Body Model. When tested
according to IEC1000-4-2, they survive x8kV contact-
discharges and +15KkV air-gap discharges. The rugged
E versions are intended for use in harsh-environments
or applications where the RS-232 connection is
frequently changed (such as notebook computers). The
standard {non-"E") MAX202, MAX203. MAX205-
MAX208, MAX211, MAX213, MAX232, and MAX241 are
recommended for applications where cost is critical.

+5V to + 10V Dual Charge-Pump

Voltage Converter

The +5V to +10V conversion is performed by dual
charge-pump voltage converters (Figure 4). The first
charge-pump converter uses capacitor C1 to double
the +5V into +10V, storing the +10V on the output filter
capacitor, C3. The second uses C2 to invert the +10V

MNAXIM

into -10V, storing the -10V on the V- output filter
capacitor. C4.

In shutdown mede; V+ is internally connected to Vcc by
a 1kQ pull-down.resistor, and‘V- is internally connected
to ground by a 1kQ pull-up resistor;

RS-232 Drivers
With'Vce = 5V, the typical driver output voltage swing
is +8V when. loaded with-a nominal 5kQ RS-232
receiver; The output swing is guaranteed to meet
EIATIA-232E and'V.28 specifications that call for +5V
minimum-output-levels under worst-case conditions.
These-include a 3kQ load, minimum Vge. and
maximum operating temperature. The open-circuit
output voltage swings from (V+ - 0.6V) to V-.

Input thresholds are CMOS/TTL compatible. The
unused drivers’ inputs on the MAX205E-MAX208E,
MAX211E, MAX213E, and MAX241E can be left
uniconnected because 400kQ pull-up resistors to Vcc
are included on-chip. Since all drivers invert, the puli-
up resistors force the unused drivers' outputs low. The
MAX202E, MAX203E, and MAX232E do not have puli-
up resistors on the transmitter inputs.
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+15kV ESD-Protected, +5V RS-232 Transceivers

Package Information

. ‘ i | INCHES MILUIMETERS
' * MIN | MAX | MIN | MAX
. - - E{—] A - 0.200 - 5.08

— o T * Al | 0015 - 0.38 -

+ 'l A3 A2 10125 | 0.175 | 3.8 | 445
A2 A3 | 0.055 | 0.080 | 1.40 | 208
A ¥ + B | 0016 | 0.022 | 0.41 | 056
i B1|.0045 | 0.065 | 1.14 | 1.65
4 * C jooos | 0012 | o020 | 030
L a1 Ak D1 | 0005 | 0.080 | 013 | 2083
¥ E | 0300 | 0.325 | 762 | 826
JL “ C» Et j0240 | 0310 | 610 | 7.87

€ B1 aad< s e ] 0.100 - 2.54 -

B eA | 0.300 - 7.62 -

. eB——- e8] - Joso| - |ic1s

_’I f=-Db1 L |0.115 | 0150 | 2.92 | 381
INCHES | |MILLIMETERS

Plastlc DlP PKG.| DI PINS N BMAX BN MAX

PLASTIC P | D | 8 [0.348 |0.390 | 684 | 9.01
) DUAL-IN-LINE [P | D |14 [0735 0785 | 1867 | 19.43

P |'D | 16 |0.745 | 0.765 | 18.02 | 19.43

PACKAGE P | D | 18 (0885 | 0015 |2248 | 2324

{0.300 in.) P | D | 2010151046 |25.78 | 26.54

N |.D | 24 | 114 | 1.265 | 28.98 | 32.13
21-0043A

pie | NCHES TAILLIMETERS

MIN | MAX | MN | MaX

A | 0068 | 0078 | 173 | 199

A1 | 0002 | 0.008 | 005 | 021

TN ey B | 0010 | 0:015 ] 025 | 038

C | 0.004.] 0008 | 008 | 020

& ’ D SEE VARIATIONS

x % LI%: “\ E | 0205 | 0200 | 520 | 5.38

e | 00256 BSC 0.65 BSC

‘ l T "7 H [o0301 | 0311 | 765 | 7.90

L | 0025 | 0.037 | 063 | 095

ERLLE S Nt TP L ooes™| 003 | o | 0
INCHES _ |MILLIMETERS

DIM [PINS iy [ MAX | MIN | MAX

e D | 14 |0.239 [ 0.249 | 607 | 6.33

B N i + SSOP D | 16 |0.239 | 0249 ] 6.07 | 633
A SHRINK D | 20 |0.278 |0289 | 7.07 | 7.33

D | 22 |0.317|0.328 | 807 | B33

e 1A + SMALL-OUTLINE D | 28 | 0.397 | 0.407 | 10.07 | 10.33
B A PACKAGE 21-0058A

lt—— D —»=]

MAXIM 23
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HM62256B Series

256k SRAM (32-kword X 8-bit)

HITACHI

ADE-203-135F (Z)
Rev. 6.0
Nov. 13, 1997

Description

The Hitachi HM62256B Series is'a’ CMOS. static RAM organized 32,768-word X 8-bit. ‘It realizes higher
performance and low power consumption by employing 0.8 pum-Hi-CMOS process technology. The
device, packaged in 8 X 14 mm TSOP, 8 x 13.4 mm TSOP with thickness of 1.2 mm, 450 mil SOP (foot

print pitch width), 600 mil plastic DIP; or 300 mil plastic DIP; is available for high density mounting. It
offers low power standby power dissipation; therefore, it is suitable for battery backup systems.

Features

e Single 5.0 V supply: 5.0V £10%
e Access time: 55 nsf70 ns/85 ns (max)
e Power dissipation:
— Active: 25 mW (typ) (f=1 MHz)
— Standby: 1.0 uW (typ)
e Completely static memeory
— No clock or timing strobe required
* Equal access and cycle times
e Common data input and output
— Three state output
e Directly TTL compatible all inputs and outputs
e Battery backup operation



HM62256B Series

Ordering Information

Type No. Access time Package

HM62256BLP-7 70 ns 600-mil 28-pin plastic DIP (DP-28)

HM62256BLP-7SL 70 ns ’
HM62256BLSP-7 70 ns 300-mil 28-pin plastic DIP (DP-28NA)

HM62256BLSP-7SL 70 ns

HM62256BLFP-7T 70 ns 450-mil 28-pin plastic SOP (FP-28DA)

HM62256BLFP-5SL.T 55 ns

HM62256BLFP-7SLT 70 ns

HM62256BLFP-7ULT 70 ns

HM62256BLT-8 85ns 8 mm x 14 mm/32-pin TSOP (TFP-32DA)

HM62256BLT-7SL 70 ns

HM62256BLTM-8 85 ns 8 mm x 13.4 mm 28-pin TSOP (TFP-28DA)

HM62256BL. TM-5SL 55ns

HM62256BLTM-7SL 70 ns

HM62256BLTM-7UL 70 ns

Pin Arrangement

HM62256BLP/BLFP/BLSP Series

A4l N 280 T Ve
Aa12[ ]2 27/~ | WE
A7 [ 3 26 { ] A13
A6 [ 14 251 ] A8

A5 [ |5 24| A9

A4 [ Je 23| ]A11
A3 [ |7 22 }VOE
A2 []8 21 | JA10
A1 [ 1o 20| Cs
Ao [ 110 19 ] vo7
yoo[_| 11 18] o6
voil_]12 17 ] vos
voz[ 113 16| | voa
Vg [ ] 14 15| ] vo3

(Top view)
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HM62256B Series

Block Diagram
(MSB) A120 —o Ve
A5 o—— 0 Vg
A7 o— : .
o : M tri
0oL |1 Worery
A8 o Decoder| °
A130— ; .
Algo— ; °
we
(LSB) A3 o—| ! -
N
Vo0 © s ¢ Column 1/O :
[ Input Column Decoder
Y Data
'Y Control
VO7 0—9=+ inﬁ
185 54
A2 A1 A0 A10 A9
{LSB]
< ]
CS o————1 Timing Pulse Generator
WEo———— " Read/Write Control
OEo
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HM62256B Series

Package Dimensions

HM62256BLP Series (DP-28)

35.6

28
B T o O e N o s 5 i S N N e N o Y e N e N e B o

36.5 Max

15

1

Jj S R IS R B Ry A |

1.2

| B g NN N S IO (N N A R A S N O A |

. 1.9 Max

14

Unit: mm

3
=
Do
e
15.24
3
=
e
0
£
=
b 0.25:85 |
(2] —
0°=15°
Hitachi Code DP-28
JEDEC —
EIAJ Conforms
Woeight (reference value)| 4.6 g

HITACHI
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i
aud

PROGHAM
ADDRESS
REGISTER
BUFFER
PC
NCREMENTER
PROGHRAM
COUNTER
DPTR

.
-

ARSH

S

F

Pzp - PZF

k 4

PORT 3
LATCH

2

F v 3

I W W WY

P

A
k
PORT 2

LATCH
F 3
NTERALPT, SEARWL POHT,
AND TIMER BLOGKS
r
—b' PORT 3 DRIVERS l

Po.0 - PO.7

Block Diagram

F ¥
r POAT o DAMERS , l POAT 2 DANVERS I

»

]
“« \ m
b 26 Lo » 5 Pine
- ] ©3 £ @ [
g s _.M‘..ml'.r,
-l ! = .- f-4 H m
-« 2 -l o D.A“v..
& 7 25 - o
- 5 ™ B ind
“ ~N ml- b-“u
m Y W L Lll..lnwlv
| g B |
| | : |
m £ i Lo
H ... [V} H U
| 1Bm wmm « | = e
m I+ IITan_

L m W

TA ! Vo
34
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MW

Biock Diagram
oo - PO.7 Pzo - P27
ili}ilﬂillkiijl JLJIJIJKIII%
Voo | FYYY Y Y Y rvYY :
: L PORT 0 DAIVERS l PORT z DANVERS :
= T 1 |
H i
L : s
= FpM ADDR. PORT o ;
i REGISTER g LATCH i FLASH & H
; F 3 1 r Y i
¥ .
| k 3 3 ;
H F 3 :
13 %
¥ ]
i !
! ¥ h 4 3 :
I [
! B STAGK SO ‘
1| EcisTER Ao PONTER Acekren [¢ :
! ;
1 H
i L3
| v !
i - BUFFER  pi—n '
! ™PZ T™P) :
; :
] L3
! :
; :
H PC PN H
; WU T RS ENTER :
1 ¥
H t
: NTERHUPT, SEHIA POAT, :
| AND TIMER BLOGHS i
1 .
' 1 BROGRAM :
1
| f :
FEEN 4] ;
AEPROG 4+— THHEE " fpemenon g o o 4 1 - ;
TR ! Vi —1—# CONFROL REGISTER A :
BT ——» !
H F A .
H :
i AT 1 PORT 3 :
=' LATCH LATCH
] 3
: i :
| 5
: ost 3 F :
| l PORT 1 DRVERS —-| PORT 3 DAIVERS :
1} .
i V

ﬂ'—!“-;‘_‘“

b

4-30 AT89C5H1 messssses———————



Figure 3. Programming the Flash

+5Y
ATB9CS51 T
ADDR. A-"f: Py Vae
OOOOHOFFFH PGM
Pzo-P23 Fo m—
As - AU Data
— P2
SEE FLASH —»{ P27 ALE le—— PROG
PROGRAMMING
MODES TABLE | ——¥ P35
— P37
—y XTAL2 EA lo—— ViV
34 MHz | f
1
L AL RSTja—— Vi,
g oND PSEM —_]_

AT89C51

Figure 4. Varilying the Flash

+8Y
ATEICS1 T
AR 22 R gy Vee
OOOOHBFFFH PGM DATA
e P20 - P23 PO [ USE 10K
i P FULLUPS)
SEE FLASH —»| P27 ALE |e
PROGRAMM N
MODES TABLE | —® P36
v,
— P37
V—I——‘ XTAlz A le
a4 MHz |
= {'_]
;[ XTAu BST jo——V,,
£—l GMD PSEN ———]_

Flash Programming and Verification Characleristics

Ta=0C i 70°C, Vo =502 10%

Bymbol Parameter Min Max Unils
Vet Progmmming Enable Yollags 115 125 ¥
Ippt ! Frogramming Enable CGurrent 10 mA
ozt C=cilator Frequency 3 24 MHz
Lunt Acdess Selupio PROG Low ABlo o

e Address Hol Aflec PROG Al

. Data Setip 10 RROG Low 48% o

Yeupx Daia Hold Afles PROG Bt

L1 P2.7 ([ENABLE) High fo Vpp 4810 o

tane ¥pp Selup fo PROG Low 10 s
ot Ypp Hokl Atler PROG 10 us
teien PROG Widh 1 110 s
1oy Address o Data Valid 48t oy

teray ENABLE Low jo Data Vaid A8ty o,

enog Data Foal Ater ENABLE 0 Blc o

. PROG Highto BUSY Low 10 us
we Byle Wrile Cycle Time 20 ms

Noie: 1 Only used in 12-woll programming mode.
AINE s
L




Figure 3. Programming the Flash

Figure 4. Verilying the Flash

AT89C51

+5Y 45
ATBICH! ATEICS
appR, 20 ATy by Voo —T aDR, 22 Ayl py Voo ——-T
OOOOHOFFFH raM DOOOHBFFFH PGM DATA
e Pzo - P23 PO W—— para Parn P2p - P23 PO—pg_:iEJgé
—» P26 — P25
SEE FLASH | ——»f P27 ALE |le—— PROG SEE FLASH | — o P27 ALE
PROGRAMMING PROGRAMMIN
MODES TABLE | —¥ P38 MODES TABLE | ~—» F35 Ly,
— P3.7 —a P37
KTAL2 EA o WiV N XTAL2 EA |+
324 M | [ F24 MHz | 1
- }—1 — l’—l
- f XTALY RST ta—— v, 2 1 XTAL RST f——
GND PEEN GND PSEN
f oy SEA\ ]

Flash Programming and Verification Cheracleristics
Ta=0Cio 70T Yo =2.0210%

Symbal Panameter Min Max Unils

Vot P rogmmiming Eneble Yolbge 145 125 Y

topt U Frogmmming Enable Curreni 10 mA

WMozt Oscilior Freque noy 3 24 MHz

el Addmess Selupio PROG Low Blo o

Tanax Addwess Hold Alter PROG 48t

Vet Data Setip, 10 PROG Low Bl o

leupx Data Hold Atier PROG 8Bl

Ienan P2.7 (ENABLE) High o Vpp Bl

L Vpp Selup fo PROG Low 10 is

taslt? Vpp Hoki Alter PROG 10 us

\ausH PROG Widlh 1 110 1s

byov Address fo Dala Malid 4&0'_6'_

gy ENABLE Low o Data Vaid 4800,

Yenaz Daia Floal Atler ENABLE 0 4By o)

1AL PROG Highlo BUSY Low 10 s

e Byls Wrile Cycle Time 20 ms
Nole 1 Only wed in 12-vol programming mode.
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s A T59C5 1

Absolute Maximum Ratings®

C}’JGIE“I'IQTGN'[B‘IWG.W. e BT l0+125C TNOTICE:  Shesses beyond ihose I=ted under "Absolule
Maximum Ratings' may cause perranent dam-
Slomge Tempe@ium ... ne e BEC Q180T age fo the device. This is = shess ming only and
{unchional operation ol the device al these or any
Yollage on Any Pin aiher condilions beyond those indicaled in the
wihRespect o Gound .. ... 1OV o470V aperalioral sections of {his specilicalion is ndt
imphed, Exposire jo sbsolule maximum rating
Maximum Opemting Vollage. ... .. i BEY condifions forexiended periods may atiect device
reliability
DC Qulptl CUIBH vt cosiitmn e oo 1S MA
OC Characteristics
Ta=-40°C Ip85°C, Yoo = 5.0V 2 20% {unlass otherwise noted)
Eymbol Pasamee Condition it Rax Urits
' Rput Low Volage {Exospl ER) 05 0V~ 0.1 ¥
Yeu nput Low vetge (EA) a5 02V - 03 ¥
Y nput Hgh volage {Exeap XTALL, RST) 02 Yoo+ 08 Yoo+ OS5 ¥
Y npui Hah Yoltage {XTAL1, RST) 0¥ Voo Yoo+ 05 ¥
VoL oo Lowvatage' " Poris 1,23 L= 1B TA 045 ¥
VoLl upul Low vdiage'? L= 32 T Qas v
{Fort 0, ALE, PSENY
You CUpL1 HYT veiEge Ity= BOMA, Voo = 5¢ 1107 24 v
{Ferls 1 2,3 ALE, PBEI} g 2SR 07 Vi v
o~ -10KA 08 Vo ¥
Yo OQuput Hgh Vehage = B00PA, Voo =5 £10% 24 v
{Fort OIn Extemal Bus wotd
o= 300 pA 075 Yo )
loH - -BORA 08 Yoo v
e Logleal O hput Cumment {Ryke 12,3 ¥py= 0ASY £0 EA
h Logieal 1o O Tranalfion Curent V= 2% VOO =S¥ £ 105 -680 BA
{rriz 123
L nput Leakage Current {Ferl 0, EA) DAS <V < Voo #0 BA
RRST Fesal Adidown Reskior sl A0 Ko
Ci Fin Capacitance Teal Freq. = 1 MHz, Ta= 25°C 10 pF
55} Fower Supply Current Aclive Mode, 12 Wiz 0 mR
Kiie Mode, 12 MHz s mA
Fower Down Mode™ Vo=V 100 A
Yoo=3Y 40 i
Noles: 1. Under steady slale {mon-lansient) condilions, kg, must be externafly imied as foffows:

Maximum lg per por pin: 10 mA

Maximum Iy per 8bil pod:  Fod (: 28 mA

Pors 1,2,3: 15 mA
Maximum fofal k) for 3l oulpuf pins: 71 mA
I gy exceeds ihe fesi cordiion, Vg, may exceed ihe elafed specificalion. Pins are nal guaranieed fo sink curreni greater

1han ihe ksled jes! condifions.

2. Minimum Ve for Power Down is2V.
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