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ABSTRACT

The security camara is quite difficult to install and change the position because of the new
transmission line installation and needs the higher budget. This project propose a wireless security camera in
order to eliminate the mentioned problem, it also proposes to change the camera angle ability by controlling
with remote long distance via computer. The method is to send the video signal form the camera to

computer and the computer software is able to control the camera angle.
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2.34A38 114 RS-232C
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Tifsuns umuquﬁﬁﬂuﬁw Microsoft Visual Basic Version 6.0
FULLCTRLBAS ~ (Module nanvealalsuns)

Public Const MAXPNAMELEN = 32

Public Type JOYINFOEX ' User-defined type contains extended information about the joystick
 position,point-of-view position, and button state.
dwSize As Long ' Size of structure
dwFlags As Long ' Flags to indicate what to return
dwXpos As Long ' X position
dwYpos As Long 'Y position
dwZpos As Long ' Z position
dwRpos As Long ' Rudder/4th axis position
dwUpos As Long ' 5th axis position
dwVpos As Long ' 6th axis position
dwButtons As Long ' Button states

dwButtonNumber As Long ' Current button number pressed

dwPOV As Long ' Point of view state
dwReserved! As Long ' Reserved for communication between winmm driver
dwReserved2 As Long ' Reserved for future expansion
End Type
Public Type JOYCAPS ' The JOYCAPS user-defined type contains information about the joystick
! capabilities
wMid As Integer ' Manufacturer identifier of the device driver for the MIDI output device.
wPid As Integer ' Product Identifier Product of the MIDI output device.

szPname As String * MAXPNAMELEN ' Null-terminated string containing the joystick product name

wXmin As Long ' Minimum X-coordinate.
wXmax As Long ' Maximum X-coordinate.
wYmin As Long ' Minimum Y-coordinate
wYmax As Long ' Maximum Y-coordinate
wZmin As Long ' Minimum Z-coordinate
wZmax As Long ' Maximum Z-coordinate
wNumButtons As Long ' Number of joystick buttons



wPeriodMin As Long ' Smallest polling frequency supported when captured by the joySetCapture

' function.
wPeriodMax As Long ' Largest polling frequency supported when captured by the joySetCapture
' function.
wRmin As Long ' Minimum rudder value. The rudder is a fourth axis of movement.
wRmax As Long " Maximum rudder value. The rudder is a fourth axis of movement.
wUmin As Long ' Minimum u-coordinate (fifth axis) values.
wUmax As Long ' Maximum u-coordinate (fifth axis) values.
wVmin As Long ' Minimum v-coordinate (sixth axis) values.
wVmax As Long ' Maximum v-coordinate (sixth axis) values.
wCaps As Long ' Joystick capabilities as defined by the following flags

' JOYCAPS_HASZ - Joystick has z-coordinate information.

' JOYCAPS_HASR - Joystick has rudder (fourth axis) information.

' JOYCAPS_HASU - Joystick has u-coordinate (fifth axis) information.

' JOYCAPS_HASV - Joystick has v-coordinate (sixth axis) information.

' JOYCAPS_HASPOV - Joystick has point-of-view information.

' JOYCAPS_POV4DIR - Joystick point-of-view supports discrete values (centered, forward,

' backward, left, and right).

' JOYCAPS_POVCTS - Joystick point-of-view supports continuous degree bearings.
wMaxAxes As Long ' Maximum number of axes supported by the joystick.
wNumAxes As Long " Number of axes currently in use by the joystick.
wMaxButtons As Long ' Maximum number of buttons supported by the joystick.

szRegKey As String * MAXPNAMELEN ' String containing the registry key for the joystick.
End Type

Declare Function joyGetPosEx Lib "Mmm" (ByVal uJoyID As Long, pji As JOYINFOEX) As Long
" This function queries a joystick for its position and button status.

" woyID - Integer identifying the joystick to be queried.

' pi - User-defined type variable that stores extended position info & button status of the joystick.
" The function returns the constant JOYERR_NOERROR if successful or one of the following error values:
' MMSYSERR_NODRIVER - The joystick driver is not present.

' MMSYSERR INVALPARAM -An invalid parameter was passed.

" MMSYSERR BADDEVICEID - The specified joystick identifier is invalid.

' JOYERR _UNPLUGGED - The specified joystick is not connected to the system.



Declare Function joyGetDevCaps Lib "winmm.dll" Alias "joyGetDevCapsA" (ByVal id As Long, IpCaps As
JOYCAPS, ByVal uSize As Long) As Long

* This function queries a joystick to determine its capabilities.

" uloyIlD - Integer identifying the joystick to be queried.

1

pic - User-defined type variable that stores the capabilities of the joystick.
' chjc - Size, in bytes, of the pjc variable. Use the Len function for this value.

* The function returns the constant JOYERR_NOERROR if a joystick is present or one of the following error
" values:

' MMSYSERR NODRIVER- The joystick driver is not present.
" MMSYSERR _INVALPARAM- An invalid parameter was passed.

Public Const JOYSTICKID1 =0

Public Const JOYSTICKID2 = 1

Public Const JOY_RETURNBUTTONS = &H80&

Public Const JOY RETURNCENTERED = &H400&

Public Const JOY_RETURNPOV = &H40&

Public Const JOY_RETURNR = &H3&

Public Const JOY_RETURNU = &H10

Public Const JOY_RETURNV = &H20

Public Const JOY_RETURNX = &H1&

Public Const JOY_RETURNY = &H2&

Public Const JOY_RETURNZ = &H4&

Public Const JOY RETURNALL =(JOY_RETURNX Or JOY_RETURNY Or JOY_RETURNZ Or
JOY_RETURNR Or JOY_RETURNU Or J OY RETURNV Or JOY_RETURNPOV Or
JOY_RETURNBUTTONS)

Public Const JOYCAPS_HASZ = &H1&

Public Const JOYCAPS_HASR = &H2&

Public Const JOYCAPS_HASU = &H4&

Public Const JOYCAPS_HASV = &H8&

Public Const JOYCAPS_HASPOV = &H10&

Public Const JOYCAPS_POV4DIR = &H20&

Public Const JOYCAPS_POVCTS = &H40&

Public Const JOYERR_BASE = 160

Public Const JOYERR_UNPLUGGED = (JOYERR_BASE + 7)



Dim JI As JOYINFOEX ' joystick state buffer

Dim Caps As JOYCAPS ' joystick capabilities

Global RC As Long ' return code

DimI As Long " index

Dim Mask As Long ' bitmask

Dim xAxis As Label ' x-axis control

Dim yAxis As Label ' y-axis control

Dim zAxis As Label ' z-axis control

Dim rAxis As Label ' r-axis control

Dim uAxis As Label ' u-axis control

Dim vAxis As Label ' v-axis control

Dim pov As Label ' pov-axis control
DimnumAxes As Long ' number of axes added to form
DimaxisY As Long 'Y value for current axis control being added

Const ySpacingFactor =1.4 ' spacing between controls
Public Const JoyDevice =0

Public Const KeyDevice =1

Public Const MouseDevice =2

Global CID As Integer ' Current Input Device
Global JoyStatus As String

Dim CmmCode As Integer

Sub Main()

CID = JoyDevice ' Set Default Input Device to Keyboard Device

RC =joyGetDevCaps(JOYSTICKID], Caps, Len(Caps)) ' Get capabilities of joystick]

If (RC <> 0) Then
MsgBox "Talsunsumugundes InsvimirestauuuB¥me liaunsansammy —vopain- 14"
MsgBox "Talsunsanz 19 —uthsint- Shugnseifumdum
CID = KeyDevice
FrmMain.PicJoy.Picture = LoadPicture(App.Path + "\" + "iconoj oy.bmp")
FrmMain.PicJoy.Enabled = False

End If

FrmMain.CommCtrl.Settings = "1200,n,8,1"

FrmMain.CommCtrl.CommPort = 1



FrmMain.CommCtrl.PortOpen = True
FrmMain. BtnBuff. Caption = "lEAIA0IUEZWOTA"
FrmMain.BtnBuff Picture = LoadPicture(App.Path +"\" + "jcoshow.bmp")
FrmMain.Left = 1
FrmMain.Top = 100
FrmShowPort.Left = (Screen.Width - FrmShowPort.Width - 30)
FrmShowPort.Top = 100
FrmShowPort.Show
FrmShowPort.Visible = False
FrmMain.Show
FrmMain.SetFocus
FrmMain. TmmJoyPoll.Enabled = True
End Sub

Function SendCmmUp()
FrmMain. TmmDelay.Enabled = False
CmmCode = &HF3 '1111 0011
FrmMain.CommCtrl.Output = Chr(CmmCode)
FrmMain LblStatus.Caption = "ﬁaﬁmtmmé’{m%’uﬁﬁa ey
FrmShowPort.LstOut.Addltem "1111 0011"
If FrmShowPort. LstOut.ListCount = 16 Then FrmShowPort.LstOut.Removeltem 0
FrmMain. TmmDelay.Enabled = True

End Function

Function SendCmmRight()
FrmMain, TmmDelay.Enabled = False
CmmCode = &HF7 '11110111
FrmMain.CommCtrl.Output = Chr(CmmCode)
FrmMain.LblStatus.Caption = "daﬁagapmﬁm%’nﬁﬁa — "
FrmShowPort.LstOut.AddItem "1111 0111"
If FrmShowPort.LstOut.ListCount = 16 Then FrmShowPort.LstOut.Removeltem 0
FrmMain. TmmDelay.Enabled = True

End Function




Function SendCmmDown()
FrmMain. TmmDelay.Enabled = False
CmmCode = &HFB '1111 1011
FrmMain.CommCtrl.Output = Chr(CmmCode)
FrmMain.LblStatus.Caption = "ﬁﬂﬁ'ﬂgmgmﬁm%'uﬁﬁa ----- ag "

FrmShowPort.LstOut. AddItem "1111 1011"

If FrmShowPort.LstOut.ListCount = 16 Then FrmShowPort.LstOut.Removeltem 0

FrmMain. TmmDelay.Enabled = True

End Function

Function SendCmmLeftQ
FrmMain TmmDelay.Enabled = False
CmmCode =&HFF '1111 1111
FrmMain.CommCtrl.Output = Chr(CmmCode)
FrmMain. LblStatus.Caption = "dadfayaasdmy U - g ——"

FrmShowPort.LstOut.AddItem "1111 1111"

If FrmShowPort. LstOut.ListCount = 16 Then FrmShowPort.LstOut.Removeltem 0

FrmMain. TmmDelay.Enabled = True
End Function

Function SetBufferWindow()

FrmMain. TmmDelay.Enabled = False

If FrmMain.BtnBuff.Caption = "t{Ad aUZNEFA" Then 'Show buffer
FrmMain BtnBuff. Caption = "Sougoiugnesa”
FrmMain.BtnBuff Picture = LoadPicture(App.Path + "\" + "icohide.bmp")
FrmShowPort.Visible = True
FrmMain.SetFocus

Else 'Hide buffer
FrmMain. BmBuff.Caption = "uﬁmﬁmuzwa{w'
FrmMain. BmBuff.Picture = LoadPicture(App.Path + "\" + "icoshow.bmp")
FrmShowPort.Visible =False

End If

FrmMain. TmmDelay.Enabled = True

End Function



Function NoCommand()
FrmMain.LblStatus.Caption = " Tilsunsund o SR,
FrmShowPort.LstOut. AddItem "Idle"
If FrmShowPort.LstOut.ListCount = 16 Then FrmShowPort.LstOut.Removeltem O

End Function

Function PollJoystick()
If CID = JoyDevice Then
JL.dwSize = Len(JT) ' Initialize struct
JLdwFlags =JOY_RETURNALL
RC = joyGetPosExJOYSTICKIDL, JI) ' Get the current joystick data
If (RC =0) Then
JoyStatus = "Joystick connected"
Else
If (RC = JOYERR_UNPLUGGED) Then
JoyStatus = "Joystick unplugged"
Else
JoyStatus = "JoyGetPosEx error, rc =" &RC
End If
End If
FrmMain.Label1.Caption ="X : " & JL.dwXpos 'Display the data on the form
FrmMain.Label2.Caption ="Y : " & JLdwYpos
If Val(JT.dwXpos) < 10000 Then ProcessJoyLeft
If Val(JI.dwXpos) > 50000 Then ProcessJoyRight
If Val(JL.dwYpos) < 10000 Then ProcessJoyUp
If Val(JLdwYpos) > 50000 Then ProcessJoyDown
End If
End Function




Private Sub ProcessJoyUp()
If CID = JoyDevice Then
SendCmmUp
FrmMain.SetFocus
End If
End Sub

Private Sub ProcessJoyDown()
If CID = JoyDevice Then
SendCmmDown
FrmMain.SetFocus
EndIf |
End Sub

Private Sub ProcessJoyLeft()
If CID = JoyDevice Then
SendCmmleft
FrmMain.SetFocus
End If
End Sub

Private Sub ProcessJoyRight()
If CID = JoyDevice Then
SendCmimnRight
FrmMain.SetFocus
End If
End Sub



FRMMAIN.FRM  (Form Hanues 1Usuns)

Private Sub BtnExit_Click()
Unload FrmMain
End Sub

Private Sub BtnDown_Click()
If CID = MouseDevice Then
SendCmmDown
FrmMain.SetFocus
EndIf
End Sub

Private Sub BtnLeft_Click()

If CID = MouseDevice Then
SendCmmlIeft
FrmMain.SetFocus

EndIf

End Sub

Private Sub BtnRight Click()
If CID = MouseDevice Then
SendCmmRight
FrmMain.SetFocus
EndIf
End Sub

Private Sub BtnUp_Click()

If CID = MouseDevice Then
SendCmmUp
FrmMain.SetFocus

End If

End Sub




Private Sub BtnLoadTV_Click()
Dim RetVal
RetVal = Shell("C:\Program Files\878 TVA\APMCTV.EXE", 1)

End Sub

Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer)
If KeyCode = vbKeyEscape Then BmEXxit_Click
If CID = KeyDevice Then

Select Case KeyCode
Case vbKeyUp: ProcessKeyUp
Case vbKeyDown: ProcessKeyDown
Case vbKeyLeft: ProcessKeyLeft
Case vbKeyRight: ProcessKeyRight
Case vbKeyEscape: BtnExit_Click

End Select

End If
End Sub

Private Sub Form_Unload(Cancel As Integer)
LbIStatus.Caption = "89nv1n 1usunsy’”
CommCtrl.PortOpen = False
Unload FrmShowPort

End Sub

Private Sub TmmDelay_Timer()
NoCommand

End Sub

Private Sub BtnBuff_Click(
SetBufferWindow
FrmMain.SetFocus

End Sub




Private Sub TmmJoyPoll_Timer()
PollJoystick
End Sub

Private Sub ProcessKeyUp(
If CID = KeyDevice Then
SendCmmUp
FrmMain.SetFocus
End If
End Sub

Private Sub ProcessKeyDown()
If CID = KeyDevice Then
SendCmmDown
FrmMain.SetFocus
End If
End Sub

Private Sub ProcessKeyRight()
If CID =KeyDevice Then
SendCmmRight
FrmMain.SetFocus
End If
End Sub

Private Sub ProcessKeyLeft()
If CID =KeyDevice Then
SendCmmlLeft
FrmMain.SetFocus
EndIf
End Sub




Private Sub TmmReady_Timer()
ProgramReady = True
End Sub

Private Sub PicJoy_Click()
FrmMain. TmmDelay.Enabled = False
FrmMain.LbIStatus.Caption = "tfaougunsafy uidaiiu — JoBAAN —"
CID = JoyDevice
FrmMain.PicJoy.BorderStyle = 1
FrmMain.PicKey.BorderStyle =0
FrmMain.PicMouse.BorderStyle =0
FrmMain.BtnUp.Enabled = False
FrmMain.BtnDown.Enabled = False
FrmMain.BtnRight.Enabled = False
FrmMain.BtnLeft.Enabled = False
FrmMain. TmmDelay.Enabled = True

End Sub

Private Sub PicKey_Click()
FrmMain. TmmDelay.Enabled = False
FrmMain.LblStatus.Caption = "Lﬂ%:ﬂuqﬂﬂsa‘f%'uﬁﬁmﬂu - udhuind
CID =KeyDevice
FrmMain.PicJoy.BorderStyle =0
FrmMiain.PicKey.BorderStyle = 1
FrmMain.PicMouse.BorderStyle =0
FrmMain.BtnUp.Enabled = False
FrmMain.BtnDown.Enabled = False
FrmMain.BtnRight Enabled = False
FrmMain.BtnLeft.Enabled = False
FrmMain. TmmDelay.Enabled = True

End Sub




Private Sub PicMouse_Click()
FrmMain. TmmDelay.Enabled = False
FrmMain.LblStatus.Caption = "Lﬂ?;ﬂuﬁgﬂﬂmf%'nﬁwéﬁﬁlu --- Mouse --"
CID =MouseDevice
FrmMain.PicJoy.BorderStyle =0
FrmMain.PicKey.BorderStyle =0
FrmMain.PicMouse.BorderStyle = 1
FrmMain.BtnUp.Enabled = True
FrmMain.BtnDown.Enabled = True
FrmMain.BtnRight.Enabled = True
FrmMain.BtnLeft.Enabled = True
FrmMain. TmmDelay.Enabled = True

End Sub

Private Sub Form_Load()
Select Case CID
Case JoyDevice: PicJoy_Click
Case KeyDevice: PicKey_Click
Case MouseDevice: PicMouse_Click
End Select
FrmStart.Left = (Screen.Width - FrmStart.Width) / 2
FrmStart. Top = (Screen.Height - FrmStart.Height) / 2
FrmStart.Show
End Sub
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ORG 0000H

MOV P1 #00H
MOV P2 #00H
MOV R3 #66H
MOV R4,#66H
MOV PCON,#00H
MOV SCON,#50H
MOV TMOD #20H
MOV THI #0ESH
SETB TR1

MAIN:JNB RI.LMAIN
CLR RI
MOV A.SBUF

CJNE A #0F3H,STEP2
UP:MOV A.R3

RR A

MOV R3.A

SIMP DRIVEI

STEP2:CINE A #0FBH,STEP3
DOWN:MOV A,R3

RL A

MOV R3.A

SIMP DRIVEL

;Start Program

:Clear Port 1,2

:Initial data for driving step motor
:SMOD = 0 (Bit rate is NOT double)
:Serial Mode 1 (REN=1)

;Timer1 Mode 2

:1200 Baud

;Start Timerl

;Wait for 1 byte command code

:Clear receive interrupt register for receive next command

; Check for command “UP”

; Check for command “DOWN”

STEP3:CINE A #OF7H,STEP4 : Check for command “RIGHT”

RIGHT:MOV A,R4
RR A
MOV R4, A

SIMP DRIVE2



STEP4:CINE A#0FFH,ERROR
LEFT:MOV A,R4

RL A

MOV R4,A

SIMP DRIVE2

DRIVEL:MOV PLR3
CALL PULSEWIDTH
MOV P1#00H
CALL PULSEDELAY
SIMP MAIN

DRIVE2:MOV P2,R4
CALL PULSEWIDTH
MOV P2,#00H
CALL PULSEDELAY
SIMP MAIN

ERROR:SJMP MAIN

PULSEWIDTH:MOV RI1,#08H
DEL2:MOV RO,#00H
DELI1:DJNZ RO,DEL1

DJNZ R1,DEL2
RET

PULSEDELAY:MOV R2 #03H
DEL5:MOV R1,#00H
DEL4:MOV RO,#00H
DEL3:DJNZ RO,DEL3

DINZ R1,DEL4
DINZ R2,DELS
RET

END

; Check for command “LEFT”

:Driving routine for command “UP” and “DOWN”

- Driving routine for command “RIGHT” and “LEFT”

-If ERROR then do not send any signal
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+15kY ESD-Protected, +5Y RS-222 Tra

General Description

The MAX202E/MAX203E/MAX232E/MAX2T1 E/MAX213E/
MAX241E line driversireceivers are ¢ signed for RS-232
and V.28 communicalions in harsh environments. Each
transmitter output and receiv.or input is protected against
+15kV electrostatic discharge (ESD) shocks, withoul
fatchup. The MAX211E/MAX213E/MAX241E comprise
four line drivers and five receivers; they also feature a
shutdown mode and a receiver-enable input. The
MAX202E, MAX203E, and MAX232E have two drivers
and two receivers. The drivers and receivers for all five
devices meel all EIA/TIA-232E and CCITT V.28
specifications at dala rates up 1o 120kbps when loaded
in accordance with the EIA/TIA-232E specification.

The MAX211E/MAX213EMAX241E are available in a 28-
pin wide SO package. as well as a 28-pin SSOP package
that requires 60% less board space. The MAX202E and
MAX232E come in 16-pin namow SO, wide SO. DIP, and
CERDIP packages, as well as 2 20-pin ceramic LCC
package. The MAX203E comes in 20-pin DIP and wide
SO packages. and requires no external charge-pump
capacitors. The MAX232E and MAX241E operate with four
1pF capacitors, while the MAX202E/MAX211E/MAX213E
operate with four 0.1pF capacitors, further reducing cost
and boarc space.

Applications

Notebook, Subnotebook, and Palmtop Computers
Batery-Powered Equipment
Hand-Held Equipment

Selection Table

MAX202E 2
MAX203E Ve
MAX211E 4
4
2
4

MAX213E
MAX232E
MAX241E

*Two receivers active

LapLink is a registered wademark of Travelng Sofiware. Inc

.7V, ) 4V 2 I —————

SR A KAV

nscefvers

Features

Better than Bipolar!

¢ ESD Protection for RS-232 VO Pins:
+15kV—Human Body Model
+8kV—IEC801-2, Contact Discharge
+15kV—IEC801-2, Air-Gap Discharge

¢ Latchup Free (unlike bipolar equivalents)

¢ 2 Drivers, 2 Receivers (MAX202E/203E/232E)
4 Drivers, 5 Receivers (MAX211E/213E/241E)

+ Guaranteed 120kbps Data Rate—
LapLink™ Compatible

¢ Guaranteed 3V/us Min Slew Rate

¢ Operate from Single +5V Power Supply

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX202ECPE 0<Cto «+70°C 16 Plastic DIP
MAX202ECSE 0°Cto +70°C 16 Narrow SO
MAX202ECWE 0Cto +70°C 16 Wide SO
MAX202EC/D 0C o +70°C Dice’
MAX202EEPE -40°C 1o +85°C 16 Plastic OIP
MAX202EESE -40°C to +85°C 16 Narrow SO
MAX202EEWE -40°Cto +85°C 16 Wide SO

Ordering Information continued at end of data sheet.

“Dice are speciied ai Ta = +25°C.

Pin Configurations

TOP VIEW
~
Cy !9 E Yee
v 7 5] Gro
o Bl araxias pd 0
(3|t |l
c2-|s HASESEE [12] miout
an ]
12007 7| 0] 12
o2iN E g R20ut
DIP/SO

Pin Configurations and Typical Operarag Circuits
continued at end of data sheel

___ Maxim Integrated Products 1

call toll free 1-800-998-8800 for free samples or literature.

JLpZXPIN/AZEZXVIN/TE LEXVIN/TE LZXVYIN/FE0ZX VIN/TZ0ZXVIN



MAX202E/MAX203E/MAX21T1E/MAX213E/MAX. 232E/MAX241FE

15k ESD-Protected, +5V RS-232 Transcetvers

ABSOLUTE MAXIMUM RATINGS

........................ 0.3Vio -6V 20-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ...889mW
(Vce - 0.3V) to +14V 20-Pin Wide SO (derate 10.00mW/°C above +70°C) ....800mW
................................ -14V o ~0.3V 20-Pin LCC {derate 9.09mW/°C above +7C°C) ...........72TmW
lnput Voltages 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ..1000mW
-0.3Vio (Vcc + 0.3V) 28-Pin SSOP (derate 9.52mW/°C above +70°C) ... 762mWwW

- Operaling Temperalure Ranges
Output Voltzges MAX2_ _EC_ _ 0°Cto ~70°C
T_OUT e (V--0.3V) to (V+ + 0.3V) BMAXZ_ _EE_ _isuvvesmmsiserssmimsenresonsrassimsnerssnisss -40°C 10 +85°C
R_OUT e 0.3V 10 (Ve + 0.3V) MAX232EM_ _ ..-55°C 1o +125°C
Shor-Circuit Duration, T_OUT ..o Continuous Storage Temperature Range ... -65°C to +165°C
Power Dissipation (Ta = +70°C) Lead Temperature (soldering. TOSEEC) wevroveiiiieiiiee e +300°C

16-Pin Plastic DIP (derate 10.53mwW/°C above +70°C) .842mW
16-Pin Narow SO (derate 8.70mW/°C above ~70°C)...696mW
16-Pin Wide SO (derate 9.52mwW/“C above ~70°C) sng- 762mW
16-Pin CERDIP (derate 10.00mwW/°C above +70°C)...... 800mW

Stresses beyond those listed under "Absotute Maximum Ratings™ may cause permanent damage (o the device. These are Stress ratings only. and functional
operation of the device at these or ary other conditions beyond those indicated in the operational seclions of the specificaions is not implied. Exposure to
absolute maxirmum rating condzions for extended periods may affect device refiabiliy.

ELECTRICAL CHARACTERISTICS

(Vce = 4.5V 10 S.5V. C1-C4 = 0.1pF for MAX202E/MAX211E/MAX213E. C1-C4 = 1.0pf for MAX232E/MAX241E. Ta = Tran 10 Traax.
unless othervise noted. Typical values are at Ta = =25°C))

PARAMETER [symsoL | L CONDITIONS MIN TYP MAX [UNMS
DC CHARACTERISTICS :
Operating Voltage Range Vec 4.5 5.5 \
MAX202E/MAX203E 8 15
Vce Supply Current icc No ioad, Ta = ~25°C YRR NER A ! = mA
: MAX232E 5 10
MAX241E 1 15
] MAX21TEIMAX241E 1 10
Shutdown Supply Current Ta = -25°C. Figure 1 pA
MAX213E 15 50
LOGIC
Input Puli-Uz Cumrent T_IN = OV (MAX21 TE/MAX213E/MAX241 E)) 15 200 HA
Input Leakzge Current T_IN = OVto Vcc (MAXZOZEIMAXZO3EIMAX232€) =10 A
TN 20
Input Threshold High Vin EN. SHDN {MAX213) or 5.4 Vv
EN. SHON (MAX211E/MAX241E) ’
i Vo | s s 06 | ¥
Qutput Voizge High VOH R_OUT: louT = -1.0mA . 3.5 Vcc-0.4 Vv
Output Lezxzge Current DV RoUr= Vo6 =005 =10 PA

MAXZ11E/MAX213E/MAXZ4 1E culpuls disabled
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+15kV ESD-Protected, +5V RS-222 Transceivers

ELECTRICAL CHARACTERISTICS

(Vce = 4.5V 10 5.5V, C1-C4 = 0.1pfF for MAX202E/MAX211E/MAX213E. C1-C4 = 1.0pF for MAX232E/MAX241E. Ta = Trmin (O TMAX.
unless otherwise noted. Typical values are at Ta = +25°C))

PARAMETER [symBoL | CONDITIONS MIN TYP MAX [UNITS|
EIA/MIA-232E RECEIVER INPUTS i
Input Voltage Range | -30 -30 % v
Ali parts, normal operation 0.8 1.2 |
Input Threshold Low Ta = +25°C. Vcc = SV - Y
tMAX213E in shutdown 0.6 1:5
All parts, normal operation 1.2 24
Input Threshold High Ta = +25°C. Vce = SV MAX213E (R4, RS). 15 24 \Y
SHDN = 0V, EN = Vcc : i
. Ve = 5V. no hysteresis for the
iigae Hysietest MAX211E/MAX213E/MAX24 1E in shutdown s TR ¥ ¥
Input Resistance Ta = +25°C. Ve =5V 3 5 7 KkQ
EIA/TIA-232E TRANSMITTER OQUTPUTS
Output Vottage Swing All driver inputs loaded with 3kQ to ground (Note 1) =50 =9 \
Output Resistance Vee = V- =V- = OV, Vourt = =2V 300
Output Short-Circuit 10 =G0 A
Current
TIMING CHARACTERISTICS
Maximum Data Rate RLA= 3@ 1o 7k, Cr = S0pF to 1000pF. one transmitter 120 Kbps
switching
& Ali parts, normal operation 0.5 10
eceiver Propagation [§ s
Dolay T ™| = 150pF MAX213E (R4, RS). . a0 | ¥
SHDN = OV. EN = Vce
Receiver Output Enzble MAX211E/MAX213E/MAX241E. normal operation.
; 600 ns
Time Figure 2
Receiver Cutput Disabie MAX211EMMAXZ13E/MAX241E. normai Gperation.
. ) 200 ns
Time Figure 2
Transmitter Propagation (PLHT. g
Delay o R = 3k, Cy = 2500pF, all transmitters loaded 2 ps
- i Ta = ~25°C. Vcc = 5V, RL = 3k 10 7kQ.
-R
SowRate Ct = 50pF 10 25600F. S 6 B Vs
measured from -3V 1o +3V or -3V 10 -3V, Figure 3
ESD PERFORMANCE; TRANSMITTER OUTPUTS, RECEIVER INPUTS
Human Body Model =15
ESD-Protection Voltage IEC801-2, Contact Discharge =8 KWV
IEC801-2, Air-Gap Discharge =15

Note 1: MAX211EE_ _and MAX213EE_ _tested with VcC = 5V =5%
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MAX202E/MAX203E/IMAX2T1E/MAX2TIE/MAX232E/MAX241E

+15KkY ESD-Protected, +5V/ RS-222 Transceivers
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+15kV ESD-Protected, +5V R$-232 Transcetvers

Pin Descriptions

MAX202E/MAX232E
L NAME FUNCTION
OIP/SO LCC -
1.3 2.4 Cla,Cls Terminals for positive charge-pump capacitor
2 3 V= +2VcC voltage generated by Lhe charge pump
4.5 5.7 C2-.C2- Terminals for negalive charge-pump capacitor
6 8 V- -2Vcc voltage generated by the charge pump
7.14 9.18 T_OUT RS-232 Driver Outputs
8.13 10.17 R_IN RS-232 Receiver Outputs
9.12 12,15 R_OUT RS-232 Receiver Outputs
10. 11 13.14 T_IN RS-232 Driver Inputs
15 19 GND Ground
16 20 Vee +4.5V 10 +5.5V Supply Voltage Input
— 6.11.16 N.C. No Connect—not internally connected
MAX203E
Pt NAME FUNCTION
DiP SO
1.2 w2 T_IN RS-232 Driver Inputs
3.20 3.20 R_OUT RS-232 Receiver Outputs
419 4,19 R_IN RS-232 Receiver Inputs
5.18 5.18 T.0UT RS-232 Transmitter Outputs
6.9 6.9 GND Ground
7 Vce +4.5V 1o +5.5V Supply Voitage Input
8 13 Cl+ Make no connection (o this pin.
10,16 11,16 C2- Connact pins together.
12.17 10.17 V- +2Vcc voltage generated by the charge pump. Connect pins together.
A3 14 C1- Make no connection to this pin.
14 8 V- +2Vcc voltage generated by the charge pump
1415 12.15 C2+ Connect pins together.
MAX211E/MAX213E/MAX241E
PIN NAME FUNCTION
1.2.3.28 T_0UT RS-232 Driver Outputs
4,9.18.23.27 R_IN RS-232 Receiver Inputs
5.8.19.22. 26 R OUT TTUCMOS Receiver Outputs. For the MAX213E. receivers R4.and RS are aqivg in shutdown
’ T - mode when EN = 1. For the MAX211E and MAX241E, all receivers are inactve in shutdown.
6,7, 20.21 T_IN TTLCMOS Driver Inputs. Only the MAX211E. MAX213E. and MAX24 1E have intemal pull-ups to McC.
10 GND Ground
11 Vee -4 .5V to +5.5V Supply Vottage
12.14 Ci+.C1 Terminals for positive charge-pump capacitor
13 V- -2Vcc vollage generated by the charge pump
15.16 C2-.C2 Terminals for negative charge-pump capacitor ’
17 V. -2V voltage generated by the charge pump
24 EN Receiver Enable—active low (MAX211E. MAX241E)
EN Receiver Enable—active high (MAX213E)
25 SHDN Shutdown Control—active high (MAX211€. MAX241E)
SHON Shutdown Control—active low (MAX213E)
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215kV ESD-Protected, +5V RS-232 Transceivers
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':t 15kV ESD-Protected, +5V RS-232 Transceivers

Detailed Description

The MAX202E/MAX203EMMAX232E/MAX211 E/MAX213E/
MAX241E consist of three sections: charge-pump
voltage converters, drivers {transmitters), and
receivers. These E versions of the MAX202, MAX203,
MAX211, MAX213, MAX232, and MAX241 provide
extra protection against £SD. They survive £15kV
discharges to the RS-232 inputs and outputs, tested
using the Human Body Model. When tested according 10
IEC801-2, they survive £8kV contact-discharges and
+15kV air-gap discharges. The rugged MAX202E/
MAX203E/MAX211E/MAX21 3IE/MAX232E/MAX241E are
intended for use in harsh environments, Ot applications
where the RS-232 connection is frequently changed
(such as notebook computers). The standard (non-"E")
MAX202, MAX203, MAX211, MAX213, MAX232, and
MAX241 are recommended for applications where cost
is critical.

+5V to +10V Dual Charge-Purtip

Voltage Converter

The «5V 10 =10V conversion is performed by dual

charge-pump voltage converters (Figure 4). The first

charge-pump converer uses capacior C1 10 double

the +5V into +10V, storing the +10V on the output filter

capacitor, C3. The second uses C2 1o invert the +10V

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

In shutdown mode, 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
Wwith Ve = 5V, the typical driver output voftage swing
is +8V when loaded with a nominal 5xQ RS-232
receiver. The output swing is guaranteed 10 meet
EIATIA-232E and V.28 specifications that call for =5V
minimum output levels under worst-case conditions.
These include a 3kQ load. minimum Vcc. and
maximum operating temperature. The cpen-circuit
output voltage swings from (V+ - 0.6V) 10 V-.

Input thresholds are both CMOS and TTL compatible.
The inputs of unused drivers on the MAX211E,
MAX213E, and MAX241E can be left unconnected
because 400kQ pull-up resistors 10 Vce are included
on-chip. Since all drivers invert, the pull-up resistors
force the outputs of unused drivers (ow. The MAX202E.
MAX203E, and MAX232E do not have pull-up resistors
on the transmitter inputs.

When in low-power shutdown moce, the MAX211E/
MAX213E/MAX241E driver outputs are turned off and
draw only leakage currents—even if they are back-
driven with vottages between OV and 12V. Below -0.5V
in shutdown, the transmitter output is diode-clamped 10
ground with 8 TkQ series impedance.

RS-232 Receivers
The receivers convert the RS-232 signals 10 CMOS-fogic
output levels. The guaranteed 0.8V and 2.4V receiver
input thresholds are significantly tighter than the +3V
thresholds required by the EIA/TIA-232E specification.
This allows the receiver inputs to respond 10 TTUCMOS-

logic levels, as well 3s RS-232 levels.

MAX202E 230«<Hz

MAX203E 230
MAXNER3E 200<H?
MAX232E 140Kz
MAX241E 30z

Figure 4. Charge-Pump Diagrem
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MAXZ02E/MAX203E/MAX211E/MAX213E/MAX232E/MAX241E

+715kV ESD-FProtected, +5Y RS-232 Transceivers

The guaranteed 0.8V input low threshold ensures that
receivers shorted to ground have 3 logic 1 output. The
5kQ inpur resistance to ground ensures that a receiver
with its input left open will also have a logic T output.

eceiver inputs have approximately 0.5V hysteresis.
This provides clean output Uansitions, even with slow
rise- and fall-time signals with moderaie amounts of
noise and ringing.

In shutdown, the MAX213E's R4 and RS receivers have
no hysteresis.

Shutdown and Enable Control

(MAX21 1EMIAX213E/MAX241E)

In shutdown mode, the charge pumps are turned off,

V+ is pulled down to VCC, V- is pulied to ground, and

the transmitter outputs are disabled. This reduces

supply current typically to TpA (15pA for the

MAX213E). The time required 1o exit shiutdown is under
1ms, as shown in Figure 5.

Receivers
All MAX213E receivers, except R4 and RS, are put into
a high-impedance state in shutdown mode (see Tables
1a and 1b). The MAX213E's R4 and RS receivers siill
function in shutdown mode. These two awake-in-
shutdown receivers can monitor external activicy whiie
maintaining minimal power consumption.

The enable control is used to put the receiver outpuLs into
a high-impedance state, to allow wire-OR connection of
two EIA/TIA-232E ports (or ports of different types) at the
UART. 1t has no effect on the RS-232 drivers or the
charge pumps.

Note: The enable control pin is active low for the
MAX211E and the MAX241E (EN), but is active high
tor the MAX213E (EN). The shutdown control pin is
active high for the MAX211E and the MAX241E
(SHDN), but is active low for the MAX213E (SHDN).

The MAX213E's receiver propagation delay is typically
0.5ps in normal operation. (n shutdown mode,
propagation delay increases 10 4ps for both rising and
falling transitions. The MAX213E's receiver inputs have
approximately 0.5V hysteresis, except in shutdown,
when receivers R4 and R5 have no hysteresis.

When entering shutdown with receivers active. R4 and
R5 are not valid until 80ps after SHDN is driven low.
When coming out of shutdown, 3ll receiver outputs are
invalid until the charge pumps reach nominal values
(less than 2ms when using 0.11F capacitors).

L | SHDN

oV ) R

2 V-
ov
-5V

AoV

200ps/div

Figure 5. MAXZ11E V+ and V- when Exiting Shutdown (0. 1pF
capacitors)

Table 1a. MAX211E/MAX241E Control Pin
Configurations

OPERATION
SHON | ER| “craTus Tx14 Rx 1-5
Pl aat All Active All Active
Operation
of T [, All Active Al High-Z
Operation
1| x| Shudown | AlHigh-Z All High-Z
X = Don't Care

Table 1b. MAX213E Control Pin Configurations

Rx
SPDN | en | OPERATION 11 4
13 4,8
0 0 | Shutdown All High-Z | High-Z High-Z
0 1 | Shutdown Al High-Z | High-Z Active’
1. || Dodmal Al Active | High-Z | HighZ
Gperation =
1 1 Normal‘ All Active Active Active
Operation
“Active = active with reduced prormance
AAAXIMN




+715kV ESD-Protected, +5V RS-232 Transceivers

Rc 1M Rp 1500Q

CHARGE-CURRENT DISCHARGE
£SIST

L4 T RESISTOR ‘RESISTANCE
HIGH- i DEVICE
VOLTAGE Cs STCRAGE UNDER
oC iCCpf CAPACITOR TEST
—>
SOURCE

Figure 63. Human Body ESD Test Model
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figure 6b. Human Body Model Curent Wavelorm

* 15KV ESD Protection
As with all Maxim devices, ESD-protection structures
are incorporated on all pins to protect against
electrostatic discharges encountered during handling
and assembly. The driver outputs and receiver inputs
have extra protection against static electricity. Maxim's
engineers developed state-of-the-art structures to
protect these pins against ESD of +15kV without
damage. The ESD structures withstand high ESD in all
states: normal operation, shutdown, and powered
down. After an ESD event, Maxim's MAX202E/MAX203E/
MAX211E/MAX213E/MAX232E/MAX241E keep working
without latchup, whereas competing RS-232 products
can latch and must be powered down to remove
latchup.

ESD protection can be tested in various ways; the
transmitter outputs and receiver inputs of this product
family are characterized for protection to the following
limits:

1) +15kV using the Human Body Model

2) +8kV using the contact-discharge method specified
in IEC801-2

3) +15kV using IEC801-2's air-gap method.

ANAXKLA

ESD Test Conditions
£SD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents
test set-up. test metnodology. and test results.

Human Body Modal
Figure 6a shiows the Human Body Model, and Figure
6b shows the current waveform it generates when
discharged into a low impedance. This model consists
of a 100pF capacitor charged to the ESD voltage of
interest, which is then discharged into the test device
through a 1.5kQ resistor.

IEC801-2
The IEC801-2 standard covers ESD testing and
performance of finished equipment; it does not
specifically refer to integrated Circuits. The MAX202E/
MAX203E/MAX211E/MAX213E/MAX232E/MAX241E
help you design equipment that meets level 4 (the
highest level) of IEC801-2, without the need for
additional ESD-protection components.

The major difference between tests done using the
Human Body Model and IEC801-2 is higher peak
current in IEC801-2, because series resistance is lower
in the IEC801-2 model. Hence, the ESD withstand
voltage measured to IEC801-2 is generally lower than
that measured using the Human Body Model. Figure 7b
shows the curent waveform for the 8kV IEC801-2 level-
four ESD contact-discharge test.

The air-gap test involves approaching the device with 3
charged probe. The contact-discharge method
connects the probe 10 the device before the probe is
energized.

HMachine Model
The Machine Model for ESD tests all pins using a
200pF storage capacitor and zero discharge
resistance. Its objective is to emulate the stress caused
by contact that occurs with handling and assembly
during manufacturing. Of course, all pins require this
protection during manufacturing—not just RS-232
inputs and outputs. Therefore, after PC board assembly,
the Machine Model is less relevant to /O ports.

Applications Information

Capacitor Selection
The capacitor type used for C1-C4 is not critical for
proper operation. The MAX202E, MAX211E, and
MAX213E require 0.1pF capacitors, and the MAX232E
and MAX241E require TpF capacitors, although in all
cases capaciiors up to 10pf can be used without harm.
Ceramic, aluminum-electolytic, or @amalurm Capaciiors
are suggested for the 1pF capacitors, and ceramic

9
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MAXZ202E/MAX203E/MAXZTTE/NMAXZ2T3E/MAX232E/MAX241E

+15kV ESD-Protected, +~&VY RS-232 Transceivers

Rc 50M to 100M Rp 330Q
,—/\/\/\,—o/o—

CHARGE CURRENT DISCHARGE
LIMIT RESISTOR | RESISTANCE
HIGH >l OEVICE
VOLTAGE Cs —L STORAGE {NDER
DC 1509F ~T  CAPACITOR . TEST
SOURCE

Figure 73. IEC801-2 ESD Test Model

dielectrics are suggested for the 0.1pF capacitors.
When using the minimum recommended capacitor
values, make sure the capacitance value does not
degrade excessively as the operating temperature
varies. If in doubt, use capaciters with a larger {e.g.,
2x) nominal value. The capacitors’ effective series
resistance (ESR), which usually rises at low
temperatures, influences the amount of ripple on V+
and V-.

To reduce the output impedance at V+ and V-, use
larger capacitors (up to 10pF). This can be useful when
“stealing” power from V+ or from V-. The MAX203E has
internal charge-pump capacitors.

Bypass Vcc to ground with at least 0.1pfF. In
applications sensitive to power-supply noise generated
by the charge pumps, decouple Vcc to ground with 3
capacitor the same size as (or larger than) the charge-
pump capacitors (C1-C4).

V+ and V- as Power Supplies
A small amount of power can be drawn from V+ and V-,
although this wili reduce both driver output swing and
noise margins. Increasing the value of the charge-pump
capacitors (up to 10pF) helps maintain performance
when power is drawn from V+ or V-.

10

14
B[00, U

%-.\

Ipeak
| —

0% j—

u=047ns:nirs—>l»<— t
lg————— 6Cns _>|

Figure 7b. 1EC801-2 ESD Generator Cunent Wavelorn

Driving Multiple Receivers
Each transmitter is designed to drive a single receiver.
Transmitters can be paralleled to drive multiple
receivers.

Driver Outputs when Exiting Shutdowr
The driver outputs display no ringing or undesirable
translents as they come out ¢f shutdown.

High Data Rates
These transceivers maintain the RS-232 5.0V
minimum driver output voliages at data rates of over
120kbps. Communication at these high rates is made
easier if the capacitive loads on the transmitters are
small; i.e., short cables are best.

ANAXIM




+15kV E. SD-Protected, +5Y RS-Z232 Transcelvers

Table 2. Summary of EIA/TIA-232E, V.28 Specifications

PARAMETER

CONDITION

EIA/TIA-232E, V.28

SPECIFICATION

Driver Output Voltage

O Level 3k to 7kQ ioaC +5.0V (0 +15V
1 Level 3k o 7k foac -5.0Vto -15V
Output Level, Max No load +25V
3KQ < RL< TKA. ‘
Data Rate CL < 2500pF Up to 20kbps
Receiver Input Voltage
0 Level +3.0Vto +15V
1 Level -3.GVto-15V
Input Level +25V
. 3KQ <R S TRQ.
Instantancous Stew Rate. Max CL < 2500pF 30Vips
Driver Output Shoat-Circutt Current, Max 100mA
V.28 1ms or 3% of the period
Transition Rate on Driver Output
EIA/TIA-232E 49 of the period
Driver Qutput Resistance -2V < Vourt < -2V 300Q

Table 3. DB9 Cable Connections
Commonly Used for EIA/TIAE-232E
and V.24 Asynchronous Interfaces

PIN CONNECTION

Received Line Signal
Oetector {sometimes
called Carrier Detect.
DCD)

Handshake from DCE

2 Receive Data (RD)

Data from DCE

3 Transmit Data (TD)

Data from DTE

4 Data Terminal Rezdy

Handshake from DTE

S Signal Ground

Reference point o7

signals

6 Data Set Ready (DSR)

Handshake from DCE

7 Request to Send (RTS)

Handshake from DTE

8 Ciearto Send (CT3)

Handshake froni DCE

S Ring Ingicator

Handshake from DCE

AAAXAA
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+15KkY ESD-Protected, +5Y RS-232 Transcefvers
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+15KY ESD-Protected, +5V RS-222 Transceivers

Pin Configurations and Typical Operating Circuits (continued)
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*+715kV ESD-Protected, +5V RS-232 Transceivers

_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX203ECPP 0°Cio +70°C 20 Piastic DIP
MAX203ECWP 0°Cto ~70°C 20 Wide SO
MAX203EEPP -40°Cto -85°C 20 Plastic DIP
MAX203EEWP -40°C 10 +85°C 20 Wide SO
MAX211ECWI 0°Cto +70°C 28 Wide SO
MAX211ECAL 0°Cto +70°C 28 SSOP
MAX211EC/D 0°Cto +70°C Dice®
MAX21T1EEW! -40°C 10 +85°C 28 Wide SO
MAX211EEAl -40°C to +85°C 28 SSOP
MAX213ECWI 0°Cto +70°C 28 Wide SO
MAX213ECA! 0°Cto +70°C 28 SSOP
MAX213EC/D 0°Cto +70°C Dice*
MAX213EEW! -40°C 1o +85°C 28 Wide SO
MAX213EEAL -40°Cto «85°C 28 SSOP
MAX232ECPE 0°Cto +70°C 16 Plastic DIP
MAX232ECSE 0°Cto «70°C 16 Narrow SO
MAX232ECWE 0°Cto +70°C 16 Wide SO
MAX232EC/D 0°Cto +70°C Dice*
MAX232EEPE -40°C 1o +85°C 16 Plastic DIP
MAX232EESE -40°C 10 +85°C 16 Narrow SO
MAX232EEWE -40°C to +85°C 16 Wide SO
MAX232EMLP -55°Cto =125°C 20 LCC
MAX232EMJE -55°Cto +125°C 16 CERDIP
MAX241ECWI 0°Cto +70°C 28 Wide SO
MAX241ECAL 0°C to =70°C 28 SSOP
MAX241EC/D 0°Cto -70°C Dice”
MAX241EEW1 -48FC 1o ~8SRC. 28 \MidssSO
MAX241EEAl -40°C 10 +85°C 28 SSOP

MAXZ202E/MAX203E/MAX2TT1E/MAX213E/MAX232E/VIAX.

“Dice are specifed at Ta = +25C.

14
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+ 15k ESD-Protected, «+&V RS-232 Transceivers

Chip Topographiies

MAX202E/MAX232E

—{ T10UT

[ T20UT R20UT

¢ 0.080°
(2.032mm)

TRANSISTOR COUNT: 123
SUBSTRATE CONNECTED TO GND

A AKX A

0.117°
(2.972mm)

MAX211E/MAX213E/MAX241E

TI0UT  T40UT
T20UT

|

T30UT R3IN

R30UT
4

3 SHON (SHDN)

RZOUT-—&_ [
Tz'”—r:_.l N (En) 174
TUN —F (4.420mm)
R10UT — RAIN
R1IN —
R4OUT
GND — T4IN
T3k
RSOUT
RSIN
b i Y
i (o]
Ve ? G el Cath oy C2-
Ve C2- V-
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(4.775mm)
() ARE FORMAXZ13E ONLY
LRANSISFRRICOUNTRG 4?2
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MAXZ202E/MAXZOIE/MAXZ2TTE/MAXZ213E/MAX232E/MAX24 1E

+18kl/ ESD-Protected, +5Y RS-222 Transceivers

Package Information

( ik INCHES * MILUMETERS
MIN_| MAX | MIN | MAX
A [0053 | 0069 | 135 | 175
- A1 ] 0004 | 0010 | 0.10 | 025
8 |001a | 001y | 035 | 049
C [0.007 [ 0010 | 049 | 025
D [ 0386 | 0394 | 980 | 10.00
. H E 0150 | 0.157 | 380 | 400
e | 00508SC 1.278SC
H | 0228 | 0244 | 580 | 620
_— h [0010 | 0020 | 0.25 | 050
L | 0016 | 0.050 | 0.40 | 127
« | o 3 o 3
- 215888
i f x 45°
| = D —1 v S _"1 !‘“ )
e I ; :
7 i = FiidraT -— N— 16-PIN P!_ASTIC
| Lhogss L
R AT § [ < \ l 7 SMALL-OUTLINE
& & L = (NARROW)
PACKAGE
ot |—_INCHES MILLUMETERS
MIN_ | MAX | MIN | MAX
A | 0068 | 0078 | 173 | 1.99
Al | 0002 | 0008 | 0.05 | 021
A || &4 8 | 0010 | 0015 | 025 | 038
f } l C [0005 {0009 | 013 | 022
i D | 0397 | 0.407 | 1007 | 1033
i E H E | 0205 | 0212 | 520 | 538
, } e | 0.02568BSC 0.658SC
Q o i o H | 0301 | 0311 | 765 | 7.90
iB6EEAEEEERRE v L | 0022 | 0037 | 055 | 095
« | o 3 o 3
21-0001A
a
1 A
LA—Hh
T | 1"7 28-PIN PLASTIC
: A J / SHRINK
Sl L SMALL-OUTLINE
PACKAGE

M3 cannoy assunie responsivily for use of any CIrCulry olher than Ciicuzsy emirely embodied i 3 MJaxim proguct. No circutt patent icenses are
“Tpled. iaxim reserves the right 1o change the CIrCUiry 3nd SPeciications winout noiice ar any time.

6 _  Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600

© 1995 pMaxim Integrated Products Printed USA MAXIAM s a registered rademark of Maxim Integrated Products.



FEATURES

e Wide Frequency Range, 0.01Hz to 300kHz
¢ Wide Supply Voltage Range, 4.5V to 20V

¢ HCMOS/TTULogic Compatibility

¢ FSK Demodulation, with Carrier Detection
e Wide Dynamic Range, 10mV to 3V rms

e Adjustable Tracking Range, +1% to 80%

e Excellent Temp. Stability, +50ppm/°C, max.

.the analog plus company

' XR-2211

FSK Demodulator/

™ Tone Decoder

Jﬁgg1997-é
APPLICATIONS

e Caller Identification Delivery

e FSK Demodulation

e [Data Synchronization

e Tone Decoding

e [N Detection

e Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
apolications. It is particularly suited for FSK modem
apolications. It operates over a wide supply voltage range
of 45 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. The circuit consists of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
FSK demodulation. Extemal components are used to
independently set center frequency, bandwidth, and output
delay. An internal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperature ranges.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.3007) -55°C to +125°C
XR-2211N 14 Pin CDIP (0.3007) -40°C to +85°C
XR-2211P 14 Pin PDIP (0.3007) -40°C to +85°C
XR-22111D 14 Lead SOIC (Jedec, 0.150") -40°C to +85°C

©1992

TEOM

EXAR Corporation, 48720 Kato Road, Eremont, CA 94538 ¢ (510) 668-7000 ¢ FAX (510) 668-7017
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BLOCK DIAGRAM

Pre Amplifier (D
l 1) oo
NP @ Loop
I 0-Det - 3 ) LDF
Titv C1 @ Lock
Detect
Comparator
VCO w | 6) LDOQ
Tivcz \U3 Quad
6-Det (d | 4@ LDOQON
TIMR (12
Internal
VRer @ FVREF lﬁ @
D
Reference FSK Comp ©

Figure 1. XR-2211 Block Diagram




PIN CONFIGURATION

vee ¢ Y 8 e Vee Al 7 e ;= Tiv e
INP [2] id TimMc2 INP 3 2 13 |3 TIMC2
Lor [5] EERE: LDF =13 2 I TIMR
GND [€] EXEsle) GND | ¢ T | =Tsle}
LNOQON 5] 13 Vaer LDOQN | s 10 |3 Vger
tooa [&] [s] NC LDOQ e s B NC
oo (7] [e] comp 00 =7 e |5 comp i

14 Lead CDIP, PDIP (0.300")

14 Lead SOIC (Jedec, 0.150™)

PINDESCRIPTION

Pin # Symbol Type | Description
1 Vee Positive Power Supply.
2 INP l Receive Analog Input.
3 LDF O Lock Detect Filter.
4 GND Ground Pin.
5 LOOQN O Lock Detect Output Not. This output will be low if the VCO is in the capture range.
6 LDOQ (@] Lock Detect Output. This output will be high if the VCO is in the capture range.
7 DO O Data Output. Decoded FSK output.
8 COMP ( l FSK Comparator tnput.
9 NC Not Connected.
10 V&er O Internal Voltage Reference. The value of Vggr is Vcoc/2 - 650mV.
11 LDO O Loop Detect Output. This output provides the result of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This pin connects to the timing resistor of the VCO.
13 Titvi C2 [ Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 Titg C1 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.

3
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XR-2211 |

ELECTRICAL CHARACTERISTICS
Test Conditions: Ve = 12V, Ta = +25°C, Rg = 30KQ, Cg = 0.033uF, unless otherwise specified.

Parameter I Min. Typ. J Max. T Unit | Conditions
General
Supply Voltage 4.5 20 v
Supply Current 4 7 mA R > 10KQ. See Figure 4.
| Oscillator Section
Frequency Accuracy +1 +3 % Deviation from fg = 1/Rp Co
Frequency Stability
Temperature +20 +50 ppm/°C | See Figure 8.
Power Supply 0.05 056 %N Voo =12 +1V. See Figure 7.
0.2 %N Vece = +5V. See  Figure 7.
Upper Freguency Limit 100 300 kHz Ry = 8.2KQ, Cq = 400pF
Lowest Practical Operating 0.01 Hz Rg = 2MQ, Cg= 50uF
Frequency
Timing Resistor, Ry - See
Figure 5
Operating Range 2000 KQ
Recommended Range KQ See Figure 7and Figiire 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 HA Measured at Pin 11
Output Offset Current 1 pA
Output Impedance 3 MQ
Maximum Swing +4 +5 Y Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 (A
Output Impedance 1 MQ
Maximum Swing 11 Vpp
Input Preampt Section Measured at Pin 2
Input Impedance 20 KQ
Input Signal
Voltage Required to
Cause Limiting 2 10 mV rms

Notes
Parameters are guaranteed over the recommended operating conditions, but are not 100% lested in procuction.
Bold face parameters are covered by production test and guaranteed over operating lemperature range.

M
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XR-2211

DC ELECTRICAL CHARACTERISTICS (CONT'D)
Test Conditions: Vg =12V, T4 = +25°C, Rg = 30KQ, Co = 0.033uF, unless otherwise specified.

Parameter ] Min. J Typ. W Max. ] Unit JI Conditions
Voltage Comparator Section

Input Impedance 2 MQ Measured at Pins 3 and 8
Input Bias Current 100 nA

Voltage Gain 55 70 [efs} Ry =5.1KQ

Output Voltage Low 300 500 mV lc =3mA
_Ouiput Leaxage Current 0.01 10 ] uA Vo =20V

{nternal Reference

Voltage Level 4.9 593 Sl \% Measured at Pin 10
Output Impedance 100 Q AC Small Signal
Maximum Source Current 80 wA
Notes

Parameters are guaranteed over the recommended operating conditions, but &re not 100% tested in proguction.
Bold face parameters are covered by producticr test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply .. B X .=0 Y4 Semrmerd. VY. 20V Package Power Dissipation Ratings
Input Signal Level ........................ 3V rms OB oot N G HF .. 750mwW
Power Dissipation ...................... 900mW Derate Above T4 =25°C ............... 8mwW/°C
2O LGP N | P G Sy & RSN 800mwW
Derate Above To=25°C ... .......... 60mW/°C
SO A 6NN Y A 350mW
Derate Above Tp=25°C ... ............ 5mW/°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an (internally connected). When in lock, these frequencies
input preamplifier, analog multiplier used as a phase are fi+ fygo (2 times fiy when in lock) and fiy - fyco (OHz
detector and a precision voltage controlled oscillator  when lock). By adding a capacitor to the phase detector
(VCO). The preamplifier is used as a limiter such that output, the 2 times fiyy component is reduced, leaving a
input signals above typically 10mV rms are amplifiedtoa  DC voltage that represents the phase difference between
constant high level signal. The multiplying-type phase  the two frequencies. This closes the loop and allows the
detector acts as a digital exclusive or gate. Its output VCO to track the input frequency.

(unfiltered) produces sum and difference frequencies of )

the input and the VCO output.  The VCO is actually a  The FSK comparator is used to determine if the VCO is
current controlled oscillator with its normal input current  §ryen above or below the center frequency (FSK
(fo) setby aresistor (Rg) to ground and its driving current  comparator). This will produce both active high and
with a resistor (Ry) from the phase detector. active lowoutputs to indicate when the main PLL is in lock
The output of the phase detector produces sum and (quadrature phase detector and lock detector
difference of the input and the VCO frequencies comparator).

T TEM
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PRINCIPLES OF OPERATION

Signal Input (Pin 2): Signai is AC coupled to this
teminal. The internal impedance at pin 2 is 20KQ.
Recommended input signal level is in the range of 10mV
rms to 3V mis.

Quadrature "hase Detector Output (Pin 3): This is the
high impedance output of quadrature phase detector and
is internally connected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
connected to ground through a parallel combination of Rp
and Cp (see Figure 3) to eliminate the chatter at lock
detectoutputs. if the tone detect section is not used, pin 3
can be left open.

Lock Detect Output, Q (Pin 6): The output at pin 6 is at
“low” state when the PLL is out of lock and goes to “high”
state when the PLL is locked. It is an open collector type
output and requires a pull-up resistor, R, to V¢ for
proper operation. At “low” state, it can sink up to 5mA of
load current.

Lock Detect Compiement, (Pin 5): The outputat pin5is
the'logic complement of the lock detect output at pin 6.
This outputis also an open collector type stage which can
sink 5mA of load current at low or “on” state.

FSK Data Output (Pin 7): This outputis an open collector
logic stage which requires a puli-up resistor, R, to Vg for
proper operation. It can sink 5mA of load current. When
decoding FSK signals, FSK data outputis at “*high” or “off”
state for low input frequency, and at “low” or “on” state for
high input frequency. If no input signal is present, the logic
state at pin 7 is indeterminate.

FSK Comparator Input (Pin 8): This is the high
impedance input to the. FSK voltage comparator.
Normally, an FSK post-detection or data filter is
connected between this terminal and the PLL phase
detector output (pin 11). This data filter is formed by Rr
and Cg (see Figure 3) The threshold voltage of the
comparator is set by the internal reference voltage, Vger,
available at pin 10.

Reference Voltage, Vgee (Pin 10): This pin is internally
biased at the reference voltage level, Vrer: Vrer=Vec /2
- 650mV. The DC voltage level at this pin forms an internal
reference for the voltage levels atpins 5, 8, 11 and 12. Pin

Wi P 7 7 7] Lol

10 must be bypassed to ground with a 0.1uF capacitor for
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by Ry and C;
connectedto pin 11 (see Figure 3.) With noinput signal, or
with no phase errorwithin the PLL, the DC levelatpin 11 is
very nearly equal to Vgei= The peak to peak voltage swing
avaiiable atthe phase detectoroutputis equalto 2 X Vges

VCO Control Input (Pin 12): VCO free-running
frequency is determined by extemal timing resistor, Rq,
connected from this terminal to ground. The VCO
free-running frequency, fo, is:

where Cqis the timing capacitor across pins 13 and 14.
For optimum temperature stability, Rg must be in the
range of 10KQ to 100KQ (see Figure 9.)

This terminal is a low impedance point, and is internalty
biased at a DC level equal to Vger The maximum timing
current drawn from pin 12 must be limited to < 3mA for
proper operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14): VCO
frequency is inversely proportional to the extemal timing
capacitor, Cq, connected across these terminals (see
Figure 6.) Cq must be non-polar, and in the range of
200pF to 10uF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Ry, in series with Rg at pin 12
(see Figure 10.)

VCO Free-Running Frequency, fg: XR-2211 does not
have a separate VCO output terminal. Instead, the VCO
outputs are intemally connected to the phase detecior
sections of the circuit. For set-up or adjustment purposes,
the VCO free-running frequency can be tuned by using
the generalized circuit in Figure 3, and applying an
altemating bit pattern of O's and 1's at the known mark
and space frequencies. By adjusting Rg, the VCO can
then be tuned to obtain a 50% duty cycle on the FSK
output (pin 7). This will ensure that the VCO fg value is
accurately referenced to the mark and space frequencies.

5 TEM




XR-2211

Loop Data
Filter Filter . FSK
Output
—>6 Det|—> [ EE _*{>—<>
FSK
Comp
6 S
o—{> VCO

Input —

Preamp

o

_,’goet_). D: H{:E: Lock Detect

Qutputls
Lock Detect Lock Detect
Filter Comp

Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211
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Figure 3. Generalized Circuit Connection for

FSK and Tone Detection
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XR-2211

DESIGN EQUATIONS

(All resistance in Q, all frequency in Hz and all capacitance in farads, unless otherwise specified)

(See Figure 3for definition of components)
1. VCO Center Frequency, fo:

1

°” mG

2. Intemal Reference Voltage, Vagr (Mmeasured at pin 10):

V, .
Vigr = <ch )—650ml//n volts

3. Loop Low-Pass Filter Time Constant, T

T = Cy-Rap (sECONAS)

where:
B R Re
Fler = <H, + A )
if Rr is oo or Cr reactance is oo, then Rpp = R1
4. Loop Damping, ¢

;= 1250-C,
\ H‘I'Ci

Note: For derivation/explanation of this equation, please see TAN-071.

5. Loop-tracking

bandwidth, == 47
0
-A—'f — &
A A,
Tracking

- Bandwidth

fuL {3 fo f2 fin

o

ALY fensas e g
s SR STl AR
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6. FSK Data filter time constant, tF:

Rg - A

= conds)

T (A, + RACF(se nds)

7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

Veee - AT volt ]
10,0007 [radianJ

K, =
Note: For derivation/explanation of this equation, please see TAN-071.

8. VCO conversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of DC voltage change at pin 11):

/

7 oy y rad/an/second\
* " Veer-Co- Al ( volt J

9. The filter transfer function:

= —————-1 ’ = a =)
Hs) = T SAC at0 Hz S=uwandw =0

10. Total loop gain. Ky

Ky = KoKgRs) = <5,000.(;0.(,C,71 3 H,g\[secands]

11. Peak detector current la:

VREF

'+ = 35 000

(Vigr in volts and [, in amps)

Note: For derivation/explanation of this equation, please see TAN-011.

W cci.o0 ) - Y TEOM
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XR-2211 7 EXAR

APPLICATIONS INFORMATION

FSK Decoding

Figure 70shows the basic circuit connection for FSK decoding. With reference to Figure 3and Figure 10, the functions
of external components are defined as follows: Rg and Cq set the PLL center frequency, R4 sets the system bandwidth,
and Cq sets the loop filter time constant and the loop damping factor. Crand Rg form a one-pole post-detection filter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to

facilitate rapid transition between output logic states.

Design Instructions:

The circuitof Figure 10can be tailored for any FSK decoding applicationby the choice of five key circuitcomponents: Rg,
R4, Co, C1and Cg Foragiven setof FSK mark and space frequencies, fo andfy, these parameters can be calculated as
- follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Calculate PLL center frequency, fo:

fO:\Fl'F2

b) Choose value of timing resistor Rg, to be in the range of 10KQ to 100KS. This choice is arbitrary. The recommended
value is Ry = 20KQ. The final value of Rq is normally fine-tuned with the series potentiometer, Ry.-

d) Calculate R1 to give the desired tracking bandwidth (See design equation 5).

Rl
=t ®

e) Calculate C1 to set loop damping. (See design equation 4):
Normally, ¢ = 0.5 is recommended.

1250-C,

“Tme




1) Theinputto the XR-2211 may sometimes be too sensitive to noise conditions on the input line. Figure 4illustrates
amethod of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold leve.

2 v
Vaw minimu (peak) = ViV, = 8V + 28mV offsot = Vyerprnt o or A, = 2°'°°O< fff”)
1 X

Viy minimum (peak) input voltage must exceed this value to be detected (equivalent to adjusting V threshcld)

—=s—— — lo Phase
l Detector

20K

Figure 4. Desensitizing Input Stage

g} Calculate Data Filter Capacitance, Crg:

R — (RF + R1)'Hs
T (A + R+ Ry
S 0.25 .. ; 1
= (R Baud Rate) BEYE fEie 1 seconds

Note: All values except Ry can be rounded to nearest standard value.
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Figure 5. Typical Supply Current vs. V+
(Logic Outputs Open Circuited)
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XR-2211

Design Example:

1200 Baud FSK demodulator with mark and space frequercies of 1200/2200.

Step 1: Calculate fn: from design instructions

(a) f, = 1200-2200 =7624

Step 2: Calculate Rq 1 Rg=10K with a potentiometer of 10K. (See design instructions (b))

_ 10\ _
() /?r_1o+<2) 15K

Step 3: Calculate Cq from design instructions

_ 1 i
(@ Co= 1sn007804 ~ o7

Step 4: Calculate Ry : from design instructions

_ 20000-1624-2 _
(@ A = 5o00-1200) 51,000

Step 5: Calculate Cq : from design instructions

@ C = Fomog =39
Step 6: Calculate Rg : Rg shiould be at least five times Ry, Re = 51.,000-5 =255 KQ
Step 7: Calculate Rg : Rg should be at least five times Rg, Rg = 255,000-5 = 1.2 MQ
Step 8: Calculate Rgyp -

_ R B/)-A: \>
Royw = T RTR - 240KQ
Step 9: Calculate Cg .
Cr= 025 "l

(Rgus Baud Rate)

Note: All values except Ry can be rounded to nearest standard value.

3 0 ol s ‘
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VLT M L ST LT LT

Vce
Rg
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6
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— Phase = LDOQN
Detect tock 5
Detect
Comp.

Figure 10. Circuit Connection for FSK Decoding of Caller Identification Signals
(Bell 202 Format)
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Figure 11. External Connectors for FSK Demodulation with Carrier
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Vee
: Loop 8 -
— Phase O—s
— VNV N/ t
Detect - £SK
Comp.
2 1% 19 || Internal
>——“ ‘—Q—D O.1pufE [ Reference
O.THF 14 ¢ 13 :I':':
1 Vee
Tone >
[nput R VCO
= Fine
Tune RL2 RL3
51K € 5.1K
6 LDOQ —
Quad & Logic Output
Phase =
Detect 3 5 LDOQN 1
Lock
%eted
C omp.
Rp 0
470K 80nF
Figure 12. Circuit Connection for Tone Detection
FSK Decoding with Carrier Detect
The lock detect section of XR-2211 can be used as a frequency approaches the capture bandwidth.

carrier detect option for FSK decoding. The
recommended circuit connection for this application is
shown in Figure 77. The open collector lock detect output,
pin 6, is shorted to data output (pin 7). Thus, data output
wilt be disabled at “low” state, unti! there is a carrier within
the detection band of the PLL and the pin 6 output goes
“high” to enable the data output.

Note: Data Output is “Low” When No Carrier is Present.

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, +Afc.
This is the range of incoming frequencies over which the
loop can acquire lock and is always less than the tracking
range. Itis further limited by C1. For most applications, Afc
> Aff2. For Rp =470KQ, the approximate minimum value
of Cp can be determined by:

Cp, > i]% CinuFandfin Hz.

CinyFandfinHz.

With values of Cp that are too small, chatter can be
observed on the lock detect output as an incoming signal

Vicso ) p o F L

Excessively large values of Cp will slow the response time
of the lock detect output. For Caller I.D. applications
choose Cp = 0.1uF.

Tone Detection

Figure 12 shows the generalized circuit connection for
tone detection. The logic outputs, LDOQN and LDOQ at
pins 5 and 6 are normally at “high” and “low” logic states,
respectively. When a tone is present within the detection
band of the PLL, the logic state at these outputs become
reversed for the duration of the input tone. Each logic
output can sink 5mA of load current.

Both outputs at pins 5 and 6 are open collector type
stages, and require external pull-up resistors R(o and
Rya, as shown in Figure 12.

With reference to Figure 3 and Figure 12, the functions of
the extemal circuit components can be explained as
follows: Rgand Cq set VCO center frequency; Ry sets the
detection bandwidth; Cq sets the low pass-loop filter time
constant and the loop damping factor.




Design Instructions:

Thecircuit of Figure 12canbe optimized forany tone detection application by the choice of the 5 key circuit components:
Ro, R1, Co, Cy and Cp. Fora given input, the tone frequency, fg, these parameters are calculated as follows:

(All resistar.ce in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Choose value of timing resistor Ro to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended value is Ry = 20KQ. The final value of Ro
is normally £1e-tuned with the series potentiometer, Ry.

b) Calclate value of Cq from design equation (1) or from Figure 7tg = fo:

1
Ry-fs

Cy=

c) Calculate Ry to set the bandwidth +Af (See design equation 5):

R fy2
YT AT

Note: The total detection bandwidth covers the frequency range of fy +Af
d) Calculate value of C; for a given locp damping factor:

Normally, ¢ = 0.5 is recommended.

[ncreasing Cyimproves the out-of-band signal rejection, but increases the PLL capture time.
e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

16 :
Cp > i CinuF

Increasing Cnp slows down the logic output response time.

Design Examples:

Tone detector with a detection band of + 100Hz:

a) Choose value of timing resistor Ro to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
currentthattheinternal voltage reference can deliver. The recommended value is Ry =20 KQ. The final value of Rg
is normally fine-tuned with the series potentiometer, Ry.

b) Calculate value of Cy from design equation (1) or from Figure 6fs=fo:

S 1 _
“=r% 20,000-1,000 ~ 2977

ANV 5 L 7 L TS - TE@OM
- 16



0)

Calculate Ry to set the bandwidth +Af (See design equation &):

_ Ayfy2 20,000-1,000-2
= Af 100 = 0

Note: The total detection banawidth covers the frequency range of fp +4f
d)

Calculate value of Cq for a given loop damping factor:

Normally, ¢= 0.5 is recommended.

c - 1250-G,

. = —

1250-50-102
= = 6. =
A2 300,000:0.52 ~ 0:2°

Increasing C+ improves the out-of-band signal rejection, but increases the PLL capture time.
e)

Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

»

Gy= 4 z%zBOnF

I

N
=

increasing Cp slows down the logic output response time.
f)

Fine tune center frequency with SKQ potentiometer, Ry.

Vee
Vee
(e}
nE
100K L
Lcop 11 8
— Phase O T —O 7
Detect e / Demodulated
T 1 FSK LM324 Ouiput
= Comp
= 10 l O
Internal
2 12
>__H_O VCO |3 0.1pF G Reference =
= L
Fiv  O-WF 14 i3 Ry =
Input 6
> Co L LDOQ
e Quad =
. — hase = LDOOQN
etect 5
Lock
Detect
Comp.

Figure 13. Linear FM Detector Using XR-2211 and an External Op Amp.
(See Section on Design Equation for Component Values.)
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Linear FM Detection

XR-2211 can be used as a linear FM detector for a wide The FM detector gain, i.e., the output voltage change per
range of analog communications and telemetry  unit of FM deviation can be given as:

applications. The recommended circuit connection for

this application is shown in Figure 13. The demodulated

output is taken from the loop phase detector output (pin Vour =
11), through a post-detection filter made up of Rg and Cg,

and an external buffer amplifier. This buffer amplifier is

necessary because of the high impedance output at pin where VRis the intemai reference voltage (Vrer = Ve /2

’qf VF.'EF
100-R,

11. Normally, a non-inverting unity gain op amp can be - 650mV). For th< choice of external components R4, Ro,
used as a buffer amplifier, as shown in Figure 73. Cp. Cy and Cp, see the section on design equations.
b AT L NN\ I_~—_]__—__——_——_1 ______ |
1 i . i
| b O, ©@ | 5 ] |
( g r I
! P ! Oulplt  input | 9, W I @
ol e o T2 i 1S P N, Detect | |
| iﬁu J-*‘ 7 | 8 WAl >——< } Filter | I
: | “*—W : % 10K | 10K {‘5}8‘8 N " 3 - I . : ! Kn/j 1
P4 } ! | S s |J _g { | Lock Detac
. 320K ! I ™S ] j {
; ] t 1 ; f) L ] | Qutputs
! l S2Z | 3 [ —T‘° 5
| i L | | | —L)_ |
RS C® ] @ jiele |
I - ) | W WA/, 72 Ye (2 (Y (ST e 11 (= M gl 1] E——— l
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e - e _l ¥
| T 2] L ia | ¥ { ® (i
— l 1B T i '
1 R\'y 1 | Z sz g ; 1 |
i ] | I W | |
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| Lo o ) LN j \/‘ﬂ | Comparator
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Figure 14. Equivalent Schematic Diagram
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14 LEAD CERAMIC DUAL-IN-LINE
(30 MIL CDIP)

Rev. 71.00

Base Aq
Plane i

seaing y * i | [y U.IUL
481«*1&]*
B1

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.100  0.200 2.54 5.08
Aq 0.015 _ 0.060 0.38 1.52
B 0.014  0.026 0.36 0.66
B1 0.045  0.065 1.14 1.65
c 0.008  0.018 0.20 0.46
D 0.685  0.785 17.40 19.94
E1 0250  0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC ) 254 BSC
L 0.125  0.200 3.18 5.08
a 0° 15° 0° 15°

Note: The control dimens/on is the inch colurmn




14 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00

ﬁl_'ll_lf_lm'—r_lg

14 8

) S [ GHND G SIS G GHED [ GNNS R SHSS [ S|

Seating __A )
Plane

Fyy

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX

A 0.145 0210 368 5.33
Aq 0.015  0.070 0.38 1.78
Ay 0.115  0.195 2.92 4.95
B 0.014  0.024 0.36 0.56
B 0.030  0.070 076 1.78
c 0.008 0014 0.20 0.38
D 0725 0795 1842  20.19
E 0.300 0.325 762 8.26
Eq 0240 0280 6.10 7.11
e 0.100 BSC 2.54 BSC
s 0.300 BSC 7.62 BSC
eq 0.310  0.430 787  10.92
L 0115 0.160 2.92 4.06
a 0° 15° 0° 15°

Note: The control dimension is the inch column

Prresot J o f o
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14 LEAD SMALL QUTLINE
(150 MIL JEDEC SOIC)

Rev. 1.00

AAAAAA

F—A ]

H
1
O 7
HHEHEOT 4
c
g;aating _L _L
ane
e O
e B
INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0.053  0.069 135 175
Aq 0.004 0010 010 025
B 0013  0.020 033 051
c 0.007  0.010 019 025
D 0337 0344 855 875
£, 0.150  0.157 380  4.00
e 0.050 BSC 1.27BSC
H 0228  0.244 580 6.20
L 0016  0.050 040 127 -
o 0° 8° 0° 8°

Note: The control dimension is the millimeter column
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