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ABSTRACT

This thesis present the Telephony Systems Tutor used as a teaching media accompany
with lab in Telephone Engineering Subject. This project is consist of 7 pait, Tone Generator, Line
Circuit, Digit Receiver, Switch Matrix, Control Interface, Input/Output Port and Power Supply. It
is operate same as Telephone change in present. The properties of this project is use for 8 users, 2
trunk lines, receiver number in DTMF and Pulse system.

For users is meaning in system, it is display result in every step and end of lab display\by

computer, users are meaning Telephone Exchange System and design small telephone exchange

1n our wanted.
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GND 1 1__-WOCHCK
RESETDRV_2 2 SD7
+5VDC 3 3
IRQ9 4 4 SD5
-5VDC 5 5 SD4
DRO: 6 6 S03
-12V0C 7 7 502
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-IOW 13 13
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D ACK 15 15 SAT6
DRQ3 16 16 SAT5
D ACK1 17 17 SA14
DRQ1 18 18 SAT3
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CLK 20 20 11
IRQ7 21 21 SAT0
IRQ6 22 22
IRQS 23 23 SAB
1RQ4 24 24 SAT7
IRQ3 25 25
-DACK2_ 26 26
TIC 271 27 SAZ
BALE 28 28 SA3
+5VDC 9 29 SAZ
0SC 0 30
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000-01F UMA Controller

020-03F Interrupt Controller

040-05F System Timer

060-06F Keyboard for 8042

070-07F NMI Mask, and Real time clock
080-09F DMA Page Register

0A0-OBF Interrupt Controller 2

0CO0-0DF DMA Controller 2

0F0 Clear Math Co-processor

OF1 Reset Math Co-processor
0F8-OFF Math Co-processor

IF0-1F8 Hard Disk

200-207 Reserved

278-27F Parallel Port 2

2F8-2FF Serial Port 2

300-31F Reserved

360-36F Reserved

378-37F Parallel Port 1

380-38F Binary Synchronous Communication 2
3A0-3AF Binary Synchronous Communication |
3B0-3BF Monochrome Display/Printer
3C0-3CF Reserved

3D0-3DF Color/Graphic adapter

3F0-3F7 Diskette Drive Controller
3F8-3FF Serial Port |
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Y

L

Start Timer
0

adhrawas
450Hz

y

futia
Pulse 25 Hz

Start Timer
1

y o J
TINNAY
350Hz

fudia
Pulse 10 Hz

Y

a$eviad
350Hz

L3 o
nNUA

Busy

futia

Ring

fulia
NU

fudia
Alert
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; o e e ——————
; Program Pulse generat for Telephony signaling
; Fom e e e e
; Create & Modify by : ED.ENGINEER 19
; 40031201 Kallayanee Bunchu
; 40031204 Jirawat Aunsawatarpa
; 40031217 Prawat Chinsawat
; 40031236 Sumeth Sae-Eaw
; e it T T
ET EQU P1.0
RT EQU P1.1
DT1 EQU P1.2 ; 350 Hz USE R2
DT2 EQU P1.3 ; 450 Hz USE R3
NT EQU Pl.4
AT EQU P1.5
DT1_ R EQU 12H  ; 350 Hz
DT2_ R EQU OEH ; 450 Hz
P e D T Program start hear -----—-—=—-—--
ORG 0000
LJIMP START
ORG 0BH ; Timer 0
LCALL LOOP
LCALL NU
LOAD: MOV THO, $0FFH
MOV TLO, #064H
SETB TRO
RETI
ORG 1BH ; Timer 0
CPL 00H ; GEN 400Hz

LCALL GEN_25
LCALL GEN_10
LCALL BUSY
LCALL RINGTONE

LCALL NU
LCALL ALERT
LOAD1: MOV TH1, #0FBH
‘MOV TL1,#095H ;AC
SETB TR1
RETI
LOOP:
MoV A,R3
DEC A ; R3=0 IS 450Hz
NOP
NOP
NOP
NOP
NOP

Jz GEN450




MOV
SUB_R2:
DEC
Jz
MOV
RET

GEN350:
CPL
MOV
AJMP

GEN450:
CPL
MOV
AJMP

GEN_25:
CJNE
CPL
CPL
MOV

NEXT: RET

GEN_10:
CJNE
CPL
CPL
INC
CJINE
CPL
INC
CJNE
CPL

MOV
N ON1:
N_ON: MOV

INC

CJINE
CPL
MOV
DEC
CJINE
CPL
JB
MOV
SJMP
RE_LOAD:
GO: RET

R3,A
MOV

A
GEN350
R2,A

A,R2

DT1
R2, #DT1 R
LOAD

DT2
R3, #DT2_R
SUB_R2

INC R7
R7,#0FH, NEXT
07H

P1.6

R7,#00H

INC RO

RO, #26H, GO
P1.7

01H ;
RS ;
R5, #02H, N_ON
04H H
R6
R6,#07H,N_ON1
O5H ;

R6, #00H
MOV R5, #00H
RO, #00H

R1 ;

R1, #0AH, GO
02H

R1, #00H

R4

R4, #00H, GO
O3H ;
03H, RE_LOAD
R4, #05H

GO

MOV R4, #02H

;7 R3=0 IS 450Hz

CCIUNT 10Hz
D-TA OF 5Hz

GIN_SHz

GZN_0.3Hz

CCINT OF 1 Hz

GIN_0.2Hz
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START:

MAIN:

ORG 200H
MOV IE, #0FFH
MOV IP, #00H
MOV 3FH, #00H
MOV 3EH, #00H
MOV 3DH, #00H
MOV 3CH, #00H
MOV 30H, #00H
MOV 31H, #00H
MOV 32H, #10H
MOV 33H,#10H
MOV 34H, #20H
MOV 35H, #20H
MOV 36H, #30H
MOV 37H, #30H
CLR OOH ; £ = 400Hz
CLR 01H ; £ = 10Hz
CLR 02H ; £ = 1lHz
SETB 03H ; £ = 0.2Hz
SETB 04H ; £ = 5Hz
SETB O5H ; £ = 0.3Hz CLR
CLR 0O6H ; COMPLEMENT NU
CLR 07H ; £ = 25Hz
CLR 08H ; COMPLEMENT AT
MOV P1, #0H
MOV TMOD, #10H
MOV RO, #00H ; DATA f=10Hz
MOV R1, #00H ; DATA f=1Hz
MOV R2,#DT1_R ; DATA f£=350Hz
MOV R3, #DT2_R ; DATA f=450Hz
MOV R4, #02H ; DATA £=0.2Hz
MOV R5, #0H ; DATA f=5Hz
MOV R6, #0H ; DATA f=0.3Hz
MOV R7, #0H ; DATA f=25Hz
MOV THO, #0FFH
MOV TLO, #061H
MOV TH1, #0FBH
MOV TL1, #0ACH
SETB TRO
SETB TR1
NOP
NOP

NOP
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ALERT: MOV C,07H
ANL C,03H
MOV AT,C ; pulse RT out to pl.1
J e
RET

BUSY: MOV C,00H
ANL C,02H ; 400Hz MOD 1Hz IS BUSY
MOV ET,C ; pulse ET out to pl.0
RET

ANL C,03H ; 400Hz MOD 0.2Hz IS RINGTONE
MOV RT, C ; pulse RT out to pl.1l
RET

NU: MOV C,04H
ANL C,05H ; 5Hz MOD 0.3Hz
CPL C
MOV 06H,C
MOV C,00H
ANL C,06H ; 400HZ MOD NU-COMPLEMENT
Mov NT,C ; pulse NU out to pl.4
RET
END

e e Program end hear ------——--—~-

U 2.2 Tsunsusuiladyanaudos
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VERSION 5.00
Begin VB.Form F_Test

BackColor &HOOE4DD87¢&
BorderStyle = 0 'None
Caption = "LAB 1"
ClientHeight = 7440
Clientleft = 0
ClientTop = 0
ClientWidth = 7005
BeginProperty Fcnt
Name = "AngsanaUPC"
Size = 18
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethroug: = 0 'False
EndProperty
Icon = "Tele_Test.frx":0000
LinkTopic = "Forml”
LockControls = -1 'True
MaxButton = 0 'False
MDIChild = -1 'True
MinButton = 0 'False
ScaleHeight = 496
ScaleMode = 3 'Pixel
ScaleWidth = 467
Begin VB.Pictursz3ox P_Test
AutoSize = -1 'True
Height = 7215
Left = 180
ScaleHeight = 7155
ScaleWidth = 6675
TabIndex = 0
Top = 90
Width = 6735
Begin VB.TexzZox T_Out
Height = 615
Left = 2640
TabIndex = 11
Text = "Textl"
Top = 150
Width = 2655
End
Begin 'VB.Com:zndButton C_Return
Caption = "ndundvendn”
Height = 495
Left = 150
TabIndex = 2
Top = 6510
Width = 1305

End




59

Begin VB.Frame Framel

Caption = "Ringing"
Height = 5625
Left = 150
TabIndex = 1
Top = -60
Width = 2205
Begin VB.CheckBox C_RT
Caption = "Telephone 8"
Height = 495
Index = 7
Left = 270
TabIndex = 10
Top = 4860
Width = 1725
End
Begin VB.CheckBox C_RT
Caption = "Telephone 7"
Height = 495
Index = 6
Left = 270
TabIndex = 9
Top = 4236
Width = 1725
End
Begin VB.CheckBox C RT
Caption = "Telephone 6"
Height = 495
Index = 5
Left = 270
TabIndex = 8
Top = 3615
Width = 1725
End
Begin VB.CheckBox C RT
Caption- = "Telephone 5"
Height = 495
Index = 4
Left = 270
TabIndex = 7
Top = 2994
Width = 1725
End
Begin VB.CheckBox C_RT
Caption = "Telephone 4"
Height = 495
Index = 3
Left = 270
TabIndex = 6
Top = 2373
Width = 1725

End
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Begin VB.CheckBox C_RT

Caption = "Telephone 3"
Height = 495
Index = 2
Left = 270
TabIndex = 5
Top = 1752
Width = 1725

End

Begin VB.CheckBox C_RT
Caption = "Telephone 2"
Height = 495
Index = 1
Left = 270
TabIndex = 4
Top = 1131
Width = 1725

End

Begin VB.CheckBox C_RT
Caption = "Telephone 1"
Height = 495
Index = 0
Left = 270
TabIndex = 3
Top = 510
Width = 1725

End

End
End
End
Attribute VB_Name = "F Test"

Attribute VB GlobalNameSpace = False

Attribute VB Creatable = False

Attribute VB PredeclaredId = True

Attribute VB Exposed = False

Option Explicit

'Declare use of the DLL

Private Declare Function Out8255 Lib "8255.dl11" (ByvVal
PortAddress As Integer, ByVal PortData As Integer) As Integer
Private Declare Function In8255 Lib "8255.d11" (ByVal
PortAddress As Integer) As Integer

Dim Dummy As Integer .

Dim Port_A, Port_B, Port_C, Port D, Port_E, Port_F,

. o '
Port_Control, Port_Control2, Base Address As Integer “Pifue
Aumanesa

redsedumaciin

Const Bit0O = 1
Const Bitl = 2
Const Bit2 = 4
Const Bit3 = 8
Const Bit4d = 16
Const Bit5 = 32
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Const Bité6 64

Const Bit7 = 128

Dim D _Porta, D_PortB, D_PortC, D_PortD, D PortE, D _PortF As
Integer

Dim JO0Tel, J1lTel, J2Tel, J01Sig As Integer

Const Tel0_JO =
Const Tell_J0
Const Tel2 JO
Const Tel3 JO
Const Tel4_JO
Const Tel5 JO =
Const Tel6_J0
Const Tel7 JO =

]
Nouese W E O

Const TelO_J1 = &HIO0
Const Tell J1 &H11
Const Tel2 Jl = gH12

Const Tel3 Jl = &H13
Const Teld J1 = &H14
Const Tel5 J1 = &H1S5
Const Tel6_Jl = &H16

Const Tel7_ J1 = &H17

Const Tel0 J2 = &H20

Const Tell J2 = g&H21
Const Tel2 J2 = g&H22
Const Tel3 J2 = &H23
Const Teld J2 = &H24
Const Tel5 J2 = &H25
Const Tel6_J2 = &H26

Const Tel7_J2 = &H27

It

Const DTMF1_JO = &HS8
Const DTMF2_ Jl = &H19

Const DT_JO = &HS5C
Const DT Jl1 = &HAC

Const NU_JO0 = &H5D
Const NU J1 = &H4D

Const RT_JO0 = &HS5E
Const RT_J1 = &H4E

Const EN _JO = &HSF
Const EN_J1 &HAF
Const EN J2 = &H3F

Function Set_Bit(Data_TO Change, Bi<, Sta)
If Sta <> 0 Then Sta =1
Select Case Bit
Case O
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If Sta <> 0 Then
Data_TO_ Change
Else
Data_TO_Change
End If
Case 1
If Sta <> 0 Then
Data_TO_Change
Else
Data_TO_Change
End If
Case 2
If Sta <> 0 Then
Data_TO_Change
Else
Data_TO_Change
End If
Case 3
If Sta <> 0 Then
Data_TO_Change
Else
Data_TO_Change
End If
Case 4
If Sta <> 0 Then
Data_TO_Change
Else
Data_TO_Change
End If
Case 5
If Sta <> 0 Then
Data_TO Change
Else
Data_TO_Change
End If
Case 6
If Sta <> 0 Then
Data_TO_Change
Else
Data_TO_Change
End If
Case 7
If Sta <> 0 Then
Data_TO_Change
Else
Data_TO_Change
End If
End Select
Set Bit =
End Function

Data_TO_Change

Sub Set_Port()
Port A = Base_Address + 0

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Data_TO_Change

Or 1

And &HFE

Or 2

And &HFD

Or 4

And &HFB

Or 8

And &HF7

Or 16

And &HEF

Or 32

And &HDF

Or 64

And &HBF

Or 128

And &H7F
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Port_B = Base_Address + 1
Port_C = Base Address + 2
Port_Control = Base Address + 3
Port_D = Base_Address + 4

Port_E = Base_ Address + 5
Port_F = Base_Address + 6
Port_Control2 = Base_ Address + 7
End Sub
Sub Set Base Address()
Base_Address = &H280
End Sub

Sub Control On()

Set_PC 0, 0
End Sub
Sub Control Off ()
Set_ PC 0, 1
End Sub

Private Sub C_Return_Click()
F_Test Off
F_Main.F Main_On

End Sub

Function InA{) As Integer
InA = In8255(Port_A)

End Function

Function InB() As Integer
InB = In8255(Port B)

End Function

Function InC() As Integer
InC = In8255(Port_C)

End Function

Function InD() As Integer
InD = In8255(Port_D)

End Function

Function InE() As Integer
InkE = In8255(Port_E)

End Function

Function InF() As Integer
InF = In8255(Port_F)

End Function

Sub OutA(Data Out As Integer)
D_PortA = Data_Out
Dummy = Out8255(Port_A, D Porta)

End Sub

Sub OutB(Data_Out As Integer)
D_PortB = Data Out
Dummy = Out8255(Port_B, D PortB)

End Sub

Sub OutC(Data_Out As Integer)
D_PortC = Data Out
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End
Sub

End
Sub

End
Sub

End
Sub

Dummy = Qut8255(Port_C, D_PortC)

Sub

OutD(Data_Out As Integer)

D_PortD =

Data_Out

Dummy = Out8255(Port D, D_PortD)

Sub

OutE (Data_Out As Integer)

D PortE =

Data_Out

Dummy = Out8255(Port E, D_PortkE)

Sub

OutF(Data_Out As Integer)

D_PortF =

Data_Out

Dummy = Out8255(Port_F, D_PortF)

Sub

Set_PA(Bit As Integer, Sta As Integer)
Select Case Bit

Case 0
If Sta <> 0
D PortA
Else
D_PortA
End If
Case 1
If Sta <> 0
D_PorthA
Else
D _PortA
End If
Case 2
If Sta <> 0
D _PorthA
Else
D_Portk
End If
Case 3
If Sta <> C
D_PortA
Else
D _Porta
End If
Case 4
If Sta <> 0
D _PorthA
Else
D PorthA
End If
Case 5
If Sta <> 0
D Porti
Else
D Porta
End If
Case 6

Then
= D _PortA

D_PortA

Then
= D PortA
= D _PortA

Then
D PortA

D_PortA

Then
= D_PortA

]

D PortA

Then
D_PortA

D _PortA

Then
= D _PortA

i

D PortA

Or 1

And &HFE

Or 2

And &HFD

Or 4

And &HFB

Or 8

And &HF7

Or 16

And &HEF

Or 32

And &HDF
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If Sta <> 0
D_PortA
Else
D _PortA
End If
Case 7
If Sta <> 0
D_PortA
Else
D PortA
End If

End Select

Then
= D_PortA

D PortA

Then
= D PortA

= D PortA

OutA (D _PortA)

Case 0
If Sta <> 0
D PortB
Else
D_PortB
End If
Case 1
If Sta <> 0
D PortB
Else
D PortB
End If
Case 2
If Sta <> 0
D PortB
Else
D_PortB
End If
Case 3
If Sta <> 0
D_PortB
Else
D PortB
End If
Case 4
If Sta <> 0
D_PortB
Else
D _PortB
End If
Case 5
If Sta <> 0
D PortB
Else
D_PortB
End If
Case 6

Sub Set_ PB(Bit As Integer, Sta As
Select Case Bit

Then
= D PortB

= D PortB
Then

= D_PortB
= D PortB
Then

= D_PortB
= D_PortB
Then

= D_PortB
= D_PortB

Then
D PortB

I

D PortB

Then
D_PortB

il

D_PortB

Or 64

And &HBF

Or 128

And &H7F

Integer)

Or 1

And &HFE

Or 2

And &HFD

Or 4

And &HFB

Or 8

And &HF7

Or 16

And &HEF

Or 32

And &HDF
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If Sta <> 0 Then

D PortB = D_PortB
Else
D_PortB = D PortB
End If
Case 7
If Sta <> 0 Then
D PortB = D_PortB
Else
D_PortB = D PortB
End If
End Select

OutB (D_PortB)
End Sub
Sub Set_PC(Bit As Integer, Sta As
Select Case Bit
Case 0
If Sta <> 0 Then

D_PortC = D _PortC
Else
D_PortC = D _PortC
End If
Case 1
If Sta <> 0 Then
D_PortC = D PortC
Else
D_PortC = D_PortC
End If
Case 2

If Sta <> 0 Then

D_PortC = D_PortC
Else
D_PortC = D_PortC
End If
Case 3
If Sta <> 0 Then
D _PortC = D_PortC
Else
D_PortC = D_PortC
End If
Case 4

If Sta <> 0 Then

D PortC = D PortC
Else

D_PortC = D _PortC
End If

Case 5

If Sta <> 0 Then

D PortC = D _PortC
Else

D PortC = D PortC
End If

Case 6

Or 64

And &HBF

Or 128

And &H7F

Integer)

Or 1

And &HFE

Or 2

And &HFD

Or 4

And &HFB

Or 8

And &HF7

Or 16

And &HEF

Or 32

And &HDF
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End

End Sub

If Sta <> 0 Then
D_PortC = D_PortC Or 64
Else
D PortC
End If
Case 7
If Sta <> 0 Then
D_PortC = D PortC Or 128
Else
D_PortC
End If
Select
OutcC (D_PortC)

D PortC And &HBF

D PortC And &H7F

Sub Clear All Port()

End Sub
Private

End Sub

Private

OutaA (0)
OutB (&HF)
OutC (0)
OutD (0)
OutE (0)
OutF (0)
OutC (&HFF)
J0Tel =0
JlTel = 0
J2Tel 0
JO0lSig = 0

Sub C_RT Click({index As Integer)
Ringing Index, C_RT(Index) .Value
CutB (0)

Sub Form_Load()

Form_Paint

End Sub
Private

Sub Form Paint (}

F_Test.Top = (MF_Main.ScaleHeight / 2) - (F_Test.Height /2)
F_Test.Left = (MF _Main.ScaleWidth / 2) - (F_Test.Width /2)
P_Test.Top = 10 ’

P_Test.Left = 10

P_Test.Width = F Test.ScaleWidth - 20

P_Test.Height = F Test.ScaleHeight - 20

End Sub
Sub F_Test Off() 'Uavlesu
F_off (8)

F_Test.Hide

F_Test.Enabled
F Test.Visible

End Sub

Fa_se
Fa_se

]
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& ¢ g
Sub F_Test_oOn() 'sudesuudl

F Test.Show
F_Test.Enabled
F_Test.Visible
F on (8)
Set_Base_Address
Set_Port

End Sub

Sub Start_Test()
F_Test On
Set_Port
Set_Base_Address

End Sub

True
True

it

Private Sub Form Unload(Cancel As Integer)
C_Return_Click
End Sub
Sub Delay{()
Dim i, j As Integer
For i = 1 To 20
For j = 1 To 20
Next j
Next i
End Sub

Sub Ringing(Tel_No As Integer, Sta As Integer)
Tel No = Tel No Mod 8
If Sta <> 0 Then
Sta = &H8
End If
Control Off

OutB (&H10 Or Tel No Or Sta) "1onmsn A 119 Ringing Control
T_Out.Text = D PortB
Control_On 'iudumsaiugu

Delay
Control Off
End Sub

Function Check Loop() As Integer
OutB (&HO)
Control On
Check_Loop = InZ
Control Off
End Function

Function Check Tel() As Integer
OutB (&H1)
Control On
Check_Tel = InA
Control Off
End Function
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Sub

End
Sub
Dim

Change DISP()
W?Uﬂ15ﬂ13ﬂ“ﬂ15uﬁﬂﬂﬂa

OutB (&H20) 'MIUAUMIABUINTA SW Matrix

Set_PC 1, 0'i@i8nmsnlusu DISP (0) ,SW (1)

OutA (JOTel)
Control On
Set_PB 3, 1
Delay
Set_PB 3, 0

OutA (J1Tel)
Set_ PB 3, 1
Delay

Set PB 3, 0

OutA (J2Tel)
Set_PB 3, 1
Delay

Set PB 3, 0

OutA (J01Sig)
Set_PB 3, 1
Delay

Set_PB 3, 0
Coptrol_Off

' FUGAMIAURUMISUAAING

Sub
Set_SW(SW_No As Integer, Sta As Integer)
SW_Sta, SW_Data As Integer

If Sta <> 0 Then
SW Data =1
Else
SW_Data = 0
End If

' @000 11A SW-Matrix ——=——mmm oo

OutB (&H20)
OutA (SW_No)
Set_PB 3, SW _Data

Control On
set_pB 2, 1 ' fimuald sl ol 8816 ineummdaants
Delay

set pB 2, 0 ' fAwmual¥swdluo eld ssis hivawm

' 39 11 SW-Matrix —---emeoreemee o e e oo
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Select Case SW_No

Case Tel0O_JO
J0Tel =
Case Tell JO

J0Tel = Set_ Bit(JOTel,

Case Tel2 JO
J0Tel =
Case Tel3_J0
J0Tel =
Case Tel4 J0O
J0Tel =
Case Tel5_JO
J0Tel =
Case Tel6_J0O
J0Tel =
Case Tel7_JO
J0Tel =

Case Tel0O J1
J1Tel =
Case Tell J1
J1lTel =
Case Tel2 J1
J1lTel =
Case Tel3_J1
JiTel =
Case Tel4 J1
JlTel =
Case Tel5 J1
J1lTel =
Case Tel6 Jl1
J1Tel =
Case Tel7 J1
J1lTel =

Case Tel0_J2
J2Tel =
Case Tell J2
J2Tel =
Case Tel2 J2
J2Tel =
Case Tel3 J2
J2Tel =
Case Tel4_J2
J2Tel =
Case Tel5_J2
J2Tel =
Case Tel6_UJ2
J2Tel =
Case Tel7_J2
J2Tel =

Set_Bit (J0Tel,

Set_Bit (J0Tel,
Set_Bit (J0Tel,
Set_Bit (J0Tel,
Set_Bit (J0Tel,
Set_Bit (J0Tel,

Set_Bit (J0Tel,

Set_Bit (J1Tel,
Set_Bit (J1lTel,
Set_Bit (J1Tel,
Set Bit(JlTel,
Set_Bit (JlTel,
Set Bit(J1Tel,
Set_Bit (J1Tel,

Set_Bit (J1Tel,

Set_Bit (J2Tel,
Set_Bit (J2Tel,
Set_Bit (J2Tel,
Set_Bit (J2Tel,
Set_Bit (J2Tel,
Set Bit (J2Tel,
Set_Bit (J2Tel,

Set_Bit (J2Tel,

SW_Data)
SW_Data)
SW_Data)
SW_Data)
SW_Data)
SW_Data)
SW_Data)

SW_Data)

SW_Data)
SW_Data)
SW_Data)
SW_Data)
SW_Data)
SW_Data)
SW_Data)

SW_Data)

SW_Data)
SW Data)
SW Data)
SW Data)
SW_Data)
SW_Data)
SW_Data)

SW_Data)
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Case DTMF1_JO
JO1Sig =
Case DTMF2_J1
J01Sig =

Case DT_JO
J01Sig =

Case DT_J1
J01Sig =

Case NU_JO
J01sig =

Case NU_J1
J01Sig =

Case RT_JO
JO01sig =

Case RT J1
J01sig =

End Select
Change_DISP
End Sub

Set Bit(J01Sig,

Set_Bit(J01Sig,

Set_Bit (JO1Sig,

Set_Bit (J01Sig,

Set_Bit(J01Sig,

Set Bit(J01Sigq,

Set_Bit (J01Sig,

Set_Bit (J01Sig,

SW_Data)

SW_Data)

SW_Data)

SW_Data)

SW_Data)

SW_Data)

SW_Data)

SW_Data)

U7 4.3 Tdsunsuneasaluaiu
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VERSION 5.00
Begin VB.Form F Main

BackColor = &HOOE4DD87&
BorderStyle = 0 'None
Caption = "gananeaInsimi ((u 1.00) Tao Ju 19 agdaaz ava.”
ClientHeight = 4560
ClientLeft = 2025
ClientTop = 2865
ClientWidth = 9225
Enabled = 0 'False
ForeColor = &HOOCOCOFF&
Icon = "Tele Main.frx":0000
LinkTopic = "Forml"
LockControls = -1 'True
MDIChild = -1 'True
ScaleHeight = 304
ScaleMode = 3 'Pixel
ScaleWidth 615
ShowInTaskbar = 0 'False
Begin VB.CommandButton End_Prg
Caption = "JUMINNW"
BeginProperty Font
Name "AngsanaUPC"
Size = 26.25
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty
Height = 975
Left = 120
TabIndex = 4
Top = 3360
Width = 8895
End
Begin VB.PictureBox P Main
Height = 1815
Left = 120
Picture = "Tele Main.frx":030A
ScaleHeight = 117
ScaleMode = 3 'Pixel
ScaleWidth = 589
TabIndex = 3
Top = 120
Width = 8895

End
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Begin VB.CommandButton C_Test

Caption = "Fudumsnaasq”
BeginProperty Font
Name = "AngsanaUPC"
Size = 24
Charset = 222
Weight = 400
Underline = 0 'False
Italic = e 'False
Strikethrough = ¢ 'False
EndProperty
Height = 975
Left = 600C
TabIndex = 2
Top = 216C
Width = 3013
End
Begin VB.CommandButton C_Lab
Caption = "uaun
BeginProperty Font
Name = "angsanaUPC"”
Size = 24
Charset = 222
Weight = <30
Underline = c 'False
Italic = ¢ 'False
Strikethrough = C 'False
EndProperty
Height = 975
Left = 3600
TabIndex = 1
Top = 216C
Width = 193¢
End
Begin VB.CommandButton C_Tel
Caption = “poauInsdnn
BeginProperty Font
Name = "AngsanaUPC"
Size = 24
Charset = 222
Weight = <0
Underline = C 'False
Italic = 0 'False
Strikethrough = ¢ 'False
EndProperty

Height = 975
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Left = 150
TabIndex = 0
Top = 21
Width = 30
End
End
Attribute VB Name = "F Main"

Attribute VB_GlobalNameSpace
Attribute VB _Creatable = Fal
Attribute VB_PredeclaredId =
Attribute VB_Exposed = False
Private Sub C_Test_Click()
F_Main Off
F_Test.Show
F_Test.Enabled = True
F_Test.Start_Test
End Sub

Private Sub Form_Load()
Start_F Main
End Sub
Sub Start F Main({()
Form Resize
F_Main_On
End Sub
Private Sub End_Prg Click({()
MF_Main.End MainProgram
End Sub
Sub F_Main On({()
F on (1)
F Main.Enabled
F Main.Visible
F Main.Show
End Sub

Private Sub C_Lab Click({()

F Main Off

F Lab.Show

F_Lab.Enabled = True

F_Lab.Start_Lab (0)
End Sub

True
True

90
15

= False
se
True

= Y 13
senvianluau

Private Sub C_Tel Click() 'SoawiharufuifuInsdwn

F_Main Off
F _Tel.Show
F_Tel.Enabled = True
F_Tel.Start Tel

End Sub

Sub F Main Off()
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F off (1)
F Main.Enabled
F Main.Visible
F Main.Hide
End Sub
Private Sub Form_Paint ()
F_Main.Top = (M _Main.ScaleHeight / 2) - (F_Main.Height
/ 2)
F_Main.Left = (MF_Main.ScaleWidth / 2) - (F_Main.Width
/ 2)
End Sub

False
False

il

Private Sub Form_Resize()
Form Paint
End Sub

Private Sub Form_Unload(Cancel As Integer)
End_Prg Click
Cancel = -1

End Sub

31N v.4 Tlsunsumyndn
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VERSION 5.00
Begin VB.Form F_Lab

BackColor = &HOOE4DD87&
BorderStyle = 0 'None
Caption = "luriumsnaase”
ClientHeight = 8595
ClientLeft = 420
ClientTop = 840
ClientWidth = 10770
Enabled = 0 'False
BeginProperty Font
Name = "AngsanaUPC"
Size = 15.75
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty .
Icon = "Tele_LAB.frx":0000
LinkTopic = " Lab"
LockControls = -1 'True
MDIChild = -1 'True
ScaleHeight = 573
ScaleMode = 3 ‘'Pixel
ScaleWidth = 718
ShowInTaskbar = 0 'False.
Begin VB.CommandButton C_Print
Caption = "Print"
Height = 435
Left = 330
TabIndex = 51
Top = 6420
Width = 1425
End
Begin VB.CommandButton C_Return
Caption = "adunteendn”
Height = 465
Left = 120
TabIndex = 50
Top = 5820
Width = 1965
End
Begin VB.TextBox Text2
Height = 585
Left = 330

TabIndex = 12
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Text = "Text2"
Top = 7620
Width = 1095
End
Begin VB.TextBox Textl
Height = 555
Left = 300
TabIndex = 11
Text = "Textl"
Top = 6840
Width = 1095
End
Begin VB.Frame Fr_Select
BackColor = &HOOE4DD87&
Caption = @onluaw"
Height = 1575
Left = 120
TabIndex = 4
Top = 4185
Width = 1935
Begin VB.CommzndButton C_Go
Caption = llueudan
Height = 495
Left = 120
TabIndex = 5
Top = 390
Width = 1695
End

Begin VB.CombcBox Co_Select
BeginProperty Font

Name = "BrowalliaUPC"
Size = 15.75
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty
Height = 510
ItemData = "Tele LAB.frx":030A
Left = 120
List = "Tele LAB.frx":030C
Style = 2 'Dropdown List
TabIndex = 9
Top = 960
Width = 1695

End
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End

Begin VB.CommandButton C_Next
"lusdaly >

Caption

BeginProperty Font
Name
Size
Charset
Weight
Underline
Italic
Strikethrough

EndProperty

Height

Left

TabIndex

Top

Width

End

1]

i

i}

"MS Sans Serif"
8.25
222
400
0
0
0

'False
'False
'False

495
120
3
3570
1935

Begin VB.CommandButton C_Prw

Caption

BeginProperty Font
Name
Size
Charset
Weight
Underline
Italic
Strikethrough

EndProperty

Height

Left

TabIndex

Top

Width

End

Il

Il

i

] 44
"eeee lyamnfoUM”

"MS Sans Serif"
8.25
222
400
0
0
0

'False
'False
'False

495
120
2
3090
1935

Begin VB.CommandButton C_Start

Caption
BeginProperty Font
Name
Size
Charset
Weight
Underline
Italic
Strikethrough
EndProperty

"SUNAADI"

"MS Sans Serif"

8.25

222

400

0 '‘False
0 '‘False
0 'False
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Height = 495
Left = 120
TabIndex = 1
Top = 2535
Width = 1935
End
Begin VB.Frame Framel
BackColor = &HOOE4DD87&
Caption = Tusaiden"
BeginProperty Font
Name = "MS Sans Serif"
Size = 8.25
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty
Height = 1815
Left = 120
TabIndex = 0
Top = 675
Width = 1935
Begin VB.OptionButton O Work
BackColor = &§00E4DD87&
Caption = "JUAsUMSINAADY"
BeginProperty Font
Name = "MS Sans Serif"
Size = 8.25
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty
Height = 375
Left = 120
MouselIcon = "Tele LAB.frx":030E
MousePointer = 99 'Custom
TabIndex = 8
Top = 1320
Width = 1695
End
Begin VB.OptionButton O Detile
BackColor = &HOOE4DD87&

Caption = "sIazioua”
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End
Beg

BeginProperty Font
Name
Size
Charset
Weight
Underline
Italic
Strikethrough
EndProperty
Height
Left
Mouselcon
MousePointer
TabIndex
Top
Width

in VB.OptionButton
BackColor

Caption

BeginProperty Font

"MS Sans Serif"
8.25
222
400
0
0
0

It

'False
'False
'False

It

375

120

"Tele LAB.frx":0618
99 'Custom

-

840

1695

O_Content
&HOOE4DD87&

"AAINI"

Name = "MS Sans Serif"
Size = 8.25
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty
Height = 375
Left = 120
MouseIcon = "Tele LAB.frx":0922
MousePointer = 99 'Custom
TabIndex = 6
Top = 360
UseMaskColor = -1 'True
Value = -1 'True
Width = 1695
End
End
Begin VB.PictureBox P_LAB
BackColor = &HB80000018&
BeginProperty Font .
Name "MS Sans Serif"
Size = 8.25
Charset = 222
Weight = 400
Underline = 0 'False
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Italic 0 'False
Strikethrough = 0 'False

EndProperty

Height = 8295

Left = 2160

ScaleHeight = 549

ScaleMode = 3 'Pixel

ScaleWidth = 565

TabIndex = 13

Top = 90

Width = 8535

Begin VB.PictureBox P_Nul
Height = 315
Left = 8190
ScaleHeight = 255
ScaleWidth = 285
TabIndex = 14
Top = 7950
Width = 345

End

Begin VB.VScrollBar VS_Lab
Height = 7965
LargeChange = 50
Left = 8220
SmallChange = 30
TabIndex = 16
Top = -30
Width = 300

End

Begin VB.HScrollBar HS Lab
Height = 300
LargeChange = 50
Left = 0
SmallChange = 30
TabIndex = 15
Top = 7950
Width = 8190

End

Begin VB.PictureBox View LAB
BackColor = &H80000018¢
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Height = 75240
Left = 120
MouseIcon =
MousePointer = 99 'Custom
ScaleHeight = 5016
ScaleMode = 3 'Pixel

"Tele LAB.frx":0C2C




ScaleWidth =

TabIndex =

Top =

Visible = 'False

Width = 7905

Begin VB.PictureBex P_LAB 1
BackColor = &H80000018&
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Enabled = 0 'False
Height = 1515
Index = 7
Left = 4050
Picture = "Tele LAB.frx":0D7E
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth = 25
TabIndex = 49
TabStop = 0 'False
Top = 60
Width = 375

End

Begin VB.PictureBox P_LAB 4
BackColor = &H80000018¢&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 7
Left = 4080
Picture = "Tele LAB.frx":0F10
ScaleHeight = 105
ScaleMode = 3 'Pixel
ScaleWidth = 25
TabIndex = 48
TabStop = 0 'False -
Top = 3720
Width = 375

End

Begin VB.PictureBox P_LAB_ 3
BackColor = &HB80000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 7
Left = 4080
Picture = "Tele LAB.frx":3AF4
ScaleHeight = 105

ScaleMode =

3 'Pixel
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ScaleWidth = 23
TabIndex = 47
TabStop = 0 'False
Top = 2310
Width = 345

End

Begin VB.PictureBox P_LAB 2
BackColor = &H80000018¢&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1515
Index = 7
Left = 4080
Picture = "Tele LAB.frx":68BA
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth = 25
TabIndex = 46
TabStop = 0 'False
Top = 960
Width = 375

End

Begin VB.PictureBox P_LAB 1
BackColor = &H80000018¢&
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Enabled = 0 'False
Height = 1515
Index = 6
Left = 3300
Picture = "Tele_LAB.frx":8FEQ
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth = 29
TabIndex = 45
TabStop = 0 'False
Top = 30
Width = 435

End

Begin VB.PictureBox P_LAB 4
BackColor = &HB0000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 6
Left = 3420
Picture = "Tele LAB.frx":9172

ScaleHeight

105
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ScaleMode 3 'Pixel
ScaleWidth = 27
TabIndex = 44
TabStop = 0 'False
Top = 3900
Width = 405

End

Begin VB.PictureBox P_LAB 3
BackColor = &H80000018¢&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 6
Left = 3420
Picture =  "Tele_ LAB.frx":BD56
ScaleHeight = 105
ScaleMode = 3 'Pixel
ScaleWidth = 27
TabIndex = 43
TabStop = 0 'False
Top = 2460
Width = 405

End

Begin VB.PictureBox P_LAB 2
BackColor = &H80000018¢
BorderStyle = 0 'None
Enabled = 0] 'False
Height = 1515
Index = 6
Left = 3390
Picture = "Tele_LAB.frx":EB1C
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth = 27
TabIndex = 42
TabStop = 0 'False
Top = 1020
Width = 405

End

Begin VB.PictureBox P_LAB 1
BackColor = &H80000018s
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Enabled = 0 'False
Height = 1515
Index = 5
Left = 2640

Picture

"Tele_LAB.frx":11242
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ScaleHeight = 101
ScaleMode 3 'Pixel
ScaleWidth = 27
TabIndex = 41
TabStop = 0 'False
Top = 0
Width = 405

End

Begin VB.PictureBox P_LAB_4
BackColor = &B80000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 5
Left = 2700
Picture = "Tele LAB.frx":113D4
ScaleHeight = 105
ScaleMode 3 'Pixel
ScaleWidth = 25
TabIndex = 40
TabStop = 0 'False
Top = 3840
Width = 375

End

Begin VB.PictureBox P_LAB 3
BackColor = &HB80000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 5
Left = 2730
Picture = "Tele LAB.frx":13FBS8
ScaleHeight = 105
ScaleMode 3 'Pixel
ScaleWidth = 23
TabIndex = 39
TabStop = 0 'False
Top = 2400
Width = 345

End

Begin VB.PictureBox P_LAB 2
BackColor = &H800000184
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1515
Index = 5
Left = 2700

Picture

"Tele LAB.frx":16D7E
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ScaleHeight 101
ScaleMode = 3 'Pixel
ScaleWidth = 27
TabIndex = 38
TabStop = 0 'False
Top = 990
Width = 405

End

Begin VB.PictureBox P_LAB 1
BackColor = &H80000018&
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Enabled = 0 'False
Height = 1515
Index = 4
Left = 2010
Picture = "Tele LAB.frx":194A4
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth = 21
TabIndex = 37
TabStop = 0 'False
Top = 0
Width = 315

End

Begin VB.PictureBox P_LAB 4
BackColor = &HB80000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 4
Left = 2130
Picture = "Tele LAB.frx":19636
ScaleHeight = 105
ScaleMode = 3 'Pixel
ScaleWidth = 21
TabIndex = 36
TabStop = 0 'False
Top = 3750
Width = 315

End

Begin VB.PictureBox P_LAB 3
BackColor = &H80000018¢&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index, = 4
Left = 2100
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Picture = "Tele LAB.frx":1C21A
ScaleHeight = 105
ScaleMode = 3 'Pixel
ScaleWidth = 21
TabIndex = 35
TabStop = 0 'False
Top = 2280
Width = 315

End

Begin VB.PictureBox P_LAB 2
BackColor = &HB80000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1515
Index = 4
Left = 2100
Picture = "Tele_LAB.frx":1EFEOQ
ScaleHeight = 101
ScaleMode 3 'Pixel
ScaleWidth = 21
TabIndex = 34
TabStop = 0 'False
Top = 1050
Width = 315

End

Begin VB.PictureBox P_LAB 1
BackColor = &HB80000018&
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Enabled = 0 'False
Height = 1515
Index = 3
Left = 1440
Picture = "Tele_ LAB.frx":21706
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth 23
TabIndex = 33
TabStop = 0 'False
Top = 30
Width = 345

End

Begin VB.PictureBox P_LAB 4
BackColor &HB80000018%&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 3
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Left = 1500
Picture = "Tele LAB.frx":21898
ScaleHeight = 105
ScaleMode = 3 'Pixel
ScaleWidth = 23
TabIndex = 32
TabStop = 0 'False
Top = 3750
Width = 345

End

Begin VB.PictureBox P_LAB 3
BackColor = &HB80000018¢&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 3
Left = 1500
Picture = "Tele LAB.frx":2447C
ScaleHeight = 105
ScaleMode = 3 'Pixel
ScaleWidth = 23
TabIndex = 31
TabStop = 0 'False
Top = 2370
Width = 345

End

Begin VB.PictureBox P_LAB 2
BackColor = &HB80000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1515
Index = 3
Left = 1500
Picture = "Tele LAB.frx":27242
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth = 23
TabIndex = 30
TabStop = 0 'False
Top = 1080
Width = 345

End

Begin VB.PictureBox P_LAB 1
BackColor &HB80000018¢
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Enabled = 0 'False
Height = 1515
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Index = 2
Left = 840
Picture = "Tele LAB.frx":29968
ScaleHeight = 101
ScaleMode = 3 'Pixel
ScaleWidth = 21
TabIndex = 29
TabStop = 0 'False
Top = 0
Width = 315

End

Begin VB.PictureBox P_LAB 4
BackColor = &HB80000018¢&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 2
Left = 960
Picture = "Tele LAB.frx":29AFA
ScaleHeight = 105
ScaleMode = 3 'Pixel
ScaleWidth = 23
TabIndex = 28
TabStop = 0 'False
Top = 4080
Width = 345

End

Begin VB.PictureBox P_LAB 3
BackColor = &H80000018&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1575
Index = 2
Left = 900
Picture = "Tele_ LAB.frx":2C6DE
ScaleHeight = 105
ScaleMode 3 'Pixel
ScaleWidth = 27
TabIndex = 27
TabStop = 0 'False
Top = 2610
Width = 405

End

Begin VB.PictureBox P_LAB 2
BackColor = &H80000018¢&
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1515
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Index
Left
Picture
ScaleHeight
ScaleMode
ScaleWidth
TabIndex
TabStop
Top
Width

End

Begin VB.PictureBox
BackColor
BorderStyle
DrawStyle
Enabled
Height
Index
Left
Picture
ScaleHeight
ScaleMode
ScaleWidth
TabIndex
TabStop
Top
Width

End

Begin VB.PictureBox
BackColor
BorderStyle
Enabled
Height
Index
Left
Picture
ScaleHeight
ScaleMode
ScaleWidth
TabIndex
TabStop
Top
Width

End

Begin VB.PictureBox
BackColor
BorderStyle
Enabled

= 2
= 900
= "Tele LAB.frx":2F4A4
= 101
= 3 'Pixel
= 23
= 26
= 0 'False
= 1110
= 345
P _LAB 1
= &H80000018&
= 0 'None
= 5 'Transparent
= 0 'False
= 1515
= 1
= 420
= "Tele_LAB.frx":31BCA
= 101
= 3 'Pixel
= 17
= 25
= 0 'False
= -90
= 255
P_LAB 4
= &HB80000018%¢
= 0 'None
= 0 'False
= 1575
= 1
= 390
= "Tele LAB.frx":31DS5C
= 105
= 3 'Pixel
21
= 24
= 0 'False
= 3120
= 315
P_LAB 3
= &H80000018&
= 0 'None
= 0 'False
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Height
Index
Left
Picture
ScaleHeight
ScaleMode
ScaleWidth
TabIndex
TabStop
Top
Width

End

1575

1

360

"Tele LAB.frx":34940
105

3 'Pixel
23

23

0 'False
1740

345

Begin VB.PictureBox P_LAB 2

BackColor =
BorderStyle
Enabled
Height
Index
Left
Picture
ScaleHeight
ScaleMode
ScaleWidth
TabIndex
TabStop
Top
Width

End

i

il

&HB80000018¢&
0 'None

0 'False
1515

1

390

"Tele LAB.frx":37706
101

3 'Pixel
19

22

0 'False
570

285

Begin VB.PictureBox P_LAB 2

BackColor
BorderStyle
Enabled
Height
Index
Left
Picture
ScaleHeight
ScaleMode
ScaleWidth
TabIndex
TabStop
Top
Width

end

il

Il

1]

&H80000018&
0 'None

0 'False
1275

0

0

"Tele_ LAB.frx":39E2C
85

3 'Pixel

17

20

0 'False

3810

255

Begin VB.PictureBox P_LAB 3

BackColor
BorderStyle
Enabled

1

&HB80000018¢&
0 'None
0 'False
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End

End

Height = 1815
Index = 0
Left = -30
Picture = "Tele LAB.frx":3C552
ScaleHeight = 121
ScaleMode = 3 'Pixel
ScaleWidth = 17
TabIndex = 19
TabStop = 0 'False
Top = 2070
Width = 255

End

Begin VB.PictureBox P_LAB 4
BackColor = &H80000018¢%
BorderStyle = 0 'None
Enabled = 0 'False
Height = 1245
Index = 0
Left = ~30
Picture = "Tele LAB.frx":3F318
ScaleHeight = 83
ScaleMode = 3 'Pixel
ScaleWidth = 15
TabIndex = 18 _
TabStop = 0 'False
Top = 1110
Width = 225

End

Begin VB.PictureBox P_LAB_ 1
BackColor = &HB0000018&
BorderStyle = 0 'None
DrawStyle = 5 'Transparent
Enabled = 0 'False
Height = 1215
Index = 0
Left = 0
Picture = "Tele LAB.frx":41EFC
ScaleHeight = 81
ScaleMode = 3 'Pixel
ScaleWidth = 11
TabIndex = 21
TabStop = 0 'False
Top = 60
Width = 165

End

Begin VB.Label L Title
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Alignment = 2 'Center
BackColor = &HOOE4DD87&
Caption = "000ooo- 1
BeginProperty Font
Name = "AngsanaUPC"
Size = 24
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EncProperty
ForeColox = &HOOOO000FF&
Height = 615
Left = 120
TabIndex = 10
Top = 60
Width = 1935
End

End

Attribute VB_Name = "F Lab"
Attribute VB_GlobalNameSpace = False
Attribute VB_Creatable = False
Attribute VB_PredeclaredId = True
Attribute VB Exposed = False
Public Number LAB As Integer
Public Lab MAX As Integer

Public F_Lab_Width As Integer
Public F_Lab_Height As Integer
Public Page Wid, Page Hei As Long

Sub Start_Lab(Lab Number As Integer)
Number LAB = Lab_Number
Start_F Lab
Ch_Leb

End Sub

Sub Ch_Lzab({()

Ch_L_Title (Number LAB + 1)

If Number LAB = 0 Then C_Prw.Enabled = False Else
C_Prw.Enabled = True

If Number LAB = Lab_MAX Then C Next.Enabled = False Else
C_Next.Enabled = True

Lab (Number LAB)

Co_Select.ListIndex = Number LAB

End Sub
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Sub Ch_L Title(Lab_ Number As Integer) ' wdoulada
If (Lab_Number > 0) And (Lab_Number < 14) Then

L_Title.Caption = "ludwmh" + Str$ (Lab_Number)

End If
End Sub

Private Sub C _Go_Click() 'lﬁanhn1u

If (Co_Select.ListIndex >= 0) And (Co_Select.ListIndex <
Lab MAX + 1) Then
F_Lab.Set_Lab_OFF (Number LAB)
Number IAB = Co_Select.ListIndex
Ch_Lab
F_Lab.Set_Lab_ON (Number_ LAB)
End If
End Sub

Private Sub C_Next Click()
If Number LAB < Lab_MAX Then
F_Lab.Set_Lab_OFF (Number LAB)
Number LAB = Number LAB + 1
Ch_Lab
F_Lab.Set_Lab ON (Number LAB)
End If
End Sub

Private Sub C_Print Click()
View LAB.PrintForm
End Sub

Private Sub C Prw_Click()
If Number LAB > 0 Then
F_Lab.Set_Lab_OFF (Number LAB)
Number LAB = Number LAB - 1
Ch_Lab
F_Lab.Set_Lab_ON (Number LAB)
End If
End Sub

Private Sub C_Return Click() 'nﬁu¢ugnﬁn
Form Unload (0)

End Sub

Sub F_Lab Off() ' Uaresu

F_off (2)
F Lab.Hide
F_Lab.Enabled = False
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F Lab.Visible = False
If F_load > 2 Then Close_All lLab

End Sub

Private Sub Form Load() ' GuTnaﬂﬂa§n
Ve
Lab MAX = 7

Start_F Lab

End Sub

Sub Start F Lab{) ' Sudundy

Dim i As Integer
If Co_Select.ListCount = 0 Then
For i = 1 To Lab_MAX

Co_Select.AddItem "lUamfi"+ Str$(i)

Next i
F_Lab.Set_Auto All
Set_Align All
Lab_Center
For i = 0 To Lab_MAX
F_Lab.Set_Lab OFF (i)
.Next i
End If
Co_Select.ListIndex = Number LAB
C_Return.ZOrder 0
Form_Paint
F_Lab_On
P_LAB.ScaleMode = 3
End Sub

< /s d
Sub F_Lab on() ' (Guvesuudy
F_Lab.Show
F _Lab.Enabled
F Lab.Visible
F on (2)
End Sub

True
True

Private Sub Form Paint () '5ﬂﬂﬂ§n1nﬂ&’)1ﬂ%1nﬁ

{
F_Lab.ScaleMode = 3
F Lab.Top = 0
F Lab.Left = 0
'"F_Lab.Height = (MF_Main.ScaleHeight)
F Lab.Width = (MF_Main.ScaleWidth - (2 * 15))
F Lab.Height (MF_Main.ScaleHeight)
'F_Lab.Width (144 * 15)
P_LAB.Top = 8
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P_LAB.Left = 144

If (F_Lab.ScaleHeight - 16) > 0 Then
P_LAB.Height = F_Lab.ScaleHeight - 16

Else
P_LAB.Visible = False

End If

If (F_Lab.ScaleWidth - 154) > 0 Then
P_LAB.Visible = True
P_LAB.Width = F Lab.ScaleWidth - 154
HS_Lab.Left = 0
HS Lab.Top = P_LAB.ScaleHeight - HS Lab.Height
HS_Lab.Width = P_LAB.ScaleWidth - VS_Lab.Width
VS _Lab.Top = 0
VS_Lab.Left = P_LAB.ScaleWidth - VS_Lab.Width
VS_Lab.Height = ? LAB.ScaleHeight - HS Lab.Height
P_Nul.Top = VS Lab.Height
P_Nul.Left = HS Lab.Width
P_Nul.Width = (VS_Lab.Width)
P_Nul.Height = HS Lab.Height

! Set_View LAb
Set_Scoll
Lab_Center

Else
P_LAB.Visible = Talse
End If
End Sub

Private Sub Form Resize() '1m9nlni

Form Paint
End Sub

Private Sub Form Unload(Cancel As Integer)'umaﬂNS{HhN1u

F_Lab Off

F_Main.F_Main On

View_LAB.Visible = Fzlse
End Sub

Sub Close_All Lab() Taynluam

If (F_load And 4) = 4 Then
F_Labl.F Labl Off

End If

If (F_load And 8) = 8 Then

End If

If (F_load And 1€) = 16 Then

End If
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If (F_load And 32) = 32 Then

End If

If (F_load And 64) = 64 Then

End If

If (F_load And 128) = 128 Then
End If

If (F_load And 256) = 256 Then
End If

If (F _load And 512) = 512 Then
End If

If (F_load And 1024) = 1024 Then
End If

If (F_load And 2048) = 2048 Then
End If

End Sub

Private Sub O_Detile Click() 1aonTwazidun
! F_Labl.Select Doc (2)

' F Lab.ZOrder 1
End Sub

4
Private Sub O_Work Click() 'deniumsunisnaans

! F_Labl.Select_Doc (3)
! F_Lab.ZOrder 1
End Sub

Private Sub O_Content_MouseUp(Button As Integer, Shift As
Integer, X As Single, Y As Single)

! O_Content_Click

! F_Lab.ZOrder 1

End Sub

Private Sub O_Content_Click() Wﬁﬂﬂﬂﬂnﬁ1
' F_Labl.Select_Doc (1)

End Sub
Sub Ct_P(Obj Main As Control, Obj Sub As Control) "THARITINAY
Picture
If ((Obj_Main.ScaleWidth / 2) - (Obj_Sub.Width / 2)) > O Then
Obj Sub.Left = (Obj_Main.ScaleWidth / 2) - (Obj_Sub.Width
/ 2)
Else
Obj_Sub.Left = (Obj_Main.ScaleWidth / 2)
End If

End Sub
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Sub Set_Align All()
Dim i As Integer
For i = 0 To Lab_MAX
P _LAB_1(i).Top = 0
P_LAB_2(i).Top = P_LAB 1(i).Height
P_LAB_3(i).Top = P_LAB_2(i).Top + P_LAB 2(i).Height
P_LAB 4(i).Top = P_LAB_3(i).Top + P_LAB 3(i).Height
Next i
End Sub

“sumsamedumidaluau

Sub Lab(Lo As Integer)
F_Lab.Set_Lab ON (Lo)
Set_Page_Wid (Lo)
Set_Page Hei (Lo)
Set_View LAb
Set_Scoll

End Sub

Sub Set_Auto All()

Dim i As Integer

It

For i = 0 To Lab MAX

P_LAB_1(i).AutoSize = True
P_LAB 2(i).RutoSize = True
P _LAB_3(i).AutoSize = True

P_LAB 4(i).AutoSize = True
Next I

End Sub

Sub Set_Lab_ON(Lab As Integer)
If Lab > Lab_MAX Then Exit Sub
P_LAB_l(Lab).Visible = True

P_LAB_2(Lab).Visible = True
P_LAB_3(Lab).Visible = True
P_LAB 4(Lab).Visible = True

End Sub

Sub Set_Lab_OFF(Lab As Integer)
If Lab > Lab MAX Then Exit Sub
P_LAB 1(Lab).Visible = False

P_LAB 2(Lab).Visible = False
P_LAB 3(Lab).Visible = False
P_LAB 4(Lab).Visible = False

End Sub
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Sub

End
Sub
Dim

End

Sub

End
Sub

End

Sub

Set_View LAb()
View_LAB.AutoSize = False

View LAB.Left = 0
View_LAB.Top = 20

View_LAB.Height Page_Hei

View_LAB.Width = Page Wic * 2
View LAB.Visible = True

Sub
Lab_Center()
i As Integer

For i = 0 To Lab_MAX
Ct_P P_LAB, P_LAB_1(i)
Ct_P P _LAB, P _LAB 2(i)
Ct_P P_LAB, P_LAB 3(i)
Ct_P P_LAB, P_LAB 4(i)
Next i

Sub

Set_Page Wid(Lab As Integer)
Page Wid =1

If Lab > Lab_MAX Then Exit Sub
Set_Wid (P_LAB_1(Lab) .Width)
Set_Wid (P_LAB_2(Lab).Width)
Set_Wid (P_LAB_3(Lab).Width)
Set_Wid (P_LAB_4 (Lab) .Width)
Sub

Set_Wid(Wid As Long)

If Page_Wid < Wid Then Page Wid = Wid
If Page_Wid = 0 Then Page Wid = 1

Sub

Set_Page_Hei (Lab As Long)

Page Hei =1
If Lab > Lab_MAX Then Exit Sub
Set_Hei (P_LAB_1(Lab).Height + P_LAB_2(Lab).Height + P_LAB 3

(Lab) .Height + P_LAB 4 (Lab).Height)

End

Sub

End

Sub

Set_Hei (Hei As Long)

If Page_Hei < Hei Then Page Hei =
If Page_Hei = 0 Then Page Hei = 1
Sub

Hei
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Sub Set_Scoll({)
HS Lab.Min = 0
HS Lab.Value = HS Lab.Min
VS_Lab.Min = -20
VS_Lab.Value = VS Lab.Min
'MsgBox Str(Page Wid) + " page wid | Page Hei " + Str(Page_Hei)

If (Page_Wid) > (P_LAB.ScaleWidth - (VS_Lab.Width)) Then
HS_Lab.Max = (Page_Wid) '- (P_LAB. ScaleWidth -
(VS_Lab.Width))

HS Lab.Enabled = True

'- P_LAB.ScaleWidth
Else

HS_Lab.Max = HS Lab.Min

HS_Lab.Enabled = False
End If

If ((Page_Hei) > P_LAB.ScaleHeight) Then
VS_Lab.Max = ((Page_Hei) - (P_LAB.ScaleHeight -
(HS_Lab.Height))) + 20
VS_Lab.Enabled = True
'~ P _LAB.ScaleHeight
Else
VS_Lab.Max = VS _Lab.Min
VS_Lab.Enabled = False
End If

If Int(HS_Lab.Max / 25) > 50 Then HS Lab.LargeChange = Int
(HS_Lab.Max / 25) Else HS_Lab. LargeChange = 50

If Int(VS_Lab.Max / 25) > 50 Then VS_Lab.LargeChange
(VS_Lab.Max / 25) Else VS_Lab. LargeChange = 50

Int

]

End éub

Private Sub View LAB DragOver (Source As Control, X As Single, Y
As Single, State As Integer)
F_Lab.Print Source.Width
End Sub
Private Sub View LAB_MouseDown(Button As Integer, Shift As
Integer, X As Single, Y As Single)
Print Button
If Button = 2 Then Cls
End Sub
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Private Sub VS_Lab_Change()
Text2.Text = Str(VS_Lab.Value)
View _LAB.Top = -VS Lab.Value

End Sub

Private Sub HS_Lab_Change()
Textl.Text = Str(HS_Lab.Value)
View_LAB.Left = -HS Lab.Value

End Sub

310 2.5 Wsunsuluam
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VERSION 5.00

Begin VB.Form F_Tel
Caption
ClientHeight
ClientLeft
ClientTop
ClientWidth
FillStyle
LinkTopic
MDIChild
ScaleHeight
ScaleWidth
Visible

I

6795
60
345
7305
0 'Solid
"Forml"
-1 'True
6795
7305
= 0

'False

Begin VB.ComrandButton C_Preview

Caption
Height =
Left
TabIndex
Top =
Width =
End

= S ATk
540 .

105

= 3

5250

1590

Begin VB.CommandButton C Next

Caption
Height =
Left =
TabIndex
Top =
Width =
End
Begin VB
Caption
Height =
Left =
TabIndex
Top =
Width
End
Begin VB

= "mifae ) >
540

1680

= 2

5250

1590

.CommandButton C_Return

= "ndugninondn”
645

5355

- 1

2970

~800

.Text3ox T ATel

BeginProperty Font

Name =
Size =
Charset
Weight =
Underlirs
Italic =

"AngsanaUpPC"

25.75

= 222

700

= 0 'False
c 'False

"ifeaniy Insdnn (BETA 1.00)"
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Striketarough = 0 'False
EndProrerty
Height = 4800
Left = 240
MultiLine = -1 'True
ScrollBars = 1 'Horizontal
TabIndex = 0
Text = "TEL_Abou. frx":0000
Top = 225
Width = 6645
End
End

Attribute VB Name = "F Tel”

Attribute VB _GlobalNameSzace = False

Attribute VB_Creatable = False

Attribute VB PredeclaredId = True

Attribute VB Exposed = False

Sub F_Tel Off()
F off {:)
F_Tel.Eide
F_Tel.Enabled = False
F_Tel.Visible = False

End Sub

Private Sub C_Return Click()
Form Unload (0)
End Sub

Private Sub Form Paint ()

F_Tel.SczaleMode

C_Return.Left

C_Return.Width - 20

C_Retur:.Top

C_Return.Height - 20

T ATel.left

T_ATel.width

F Tel.Tco
(F_Tel.Height / 2)

F Tel.Left
(F_Tel.Width / 2)
End Sub

Private Sub Form Resize(
Form_Paint
End Sub
Sub Start_Tel ()
F load = 4
End Sub

3
F_Tel.ScaleWidth -

F Tel.ScaleHeight -

5

F_Tel.ScaleWidth - 10
MF_Main.ScaleHeight / 2) -

MF_Main.ScaleWidth / 2) -
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Private Sub Form Load()
Start_Tel
End Sub

Private Sub Form Unload(Cancel As Integer)
F_Tel Off
F Main.F _Main On

End Sub

Private Sub Textl Change()

End Sub

31U 2.6 TlsunsuswazBuadeyaineriu Tnsdws
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VERSION 5.00
Begin VB.MDIForm MF Main

BackColor = &HOOE4DD87&

Caption = "yanaaedInsfind (§u 1.00) Tao fu 19 a3draza ava.r

ClientHeight = 6105

ClientLeft = 225

ClientTop = 435

ClientWidth = 8535

Icon = "MF Main. £rx":0000

LinkTopic = "MF Main"

NegotiateToolbars= 0 'False

ScrollBars = 0 'False

WindowState = 2 'Maximized
End

Attribute VB_Name = "MF Main"
Attribute VB_GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB _PredeclaredId = True
Attribute VB Exposed = False
Private Sub MDIForm Load()
Set_Const
F_Test.Clear All Port
F_load = 0
F_Main.Show
End Sub
Private Sub MDIForm Resize()

' AT 1 F_Main 3 fasaoson = 1
' AT 2 F Lab § fmsaocen =2

' wiAef 3 F_Tel 3 Aaastaon = 4

"u i 4 F_Test ) Ansaedon =8
'miA A S F Main § fnsoeaou = 16

' MR 6 F_Main § fmsaaew = 32

'MF_Main.Caption
If (F_load And 1)
If (F load And 2)

F _load

1 Then F Main.Refres:

_ 2 Then F_Lab.Refresh
If (F_load And 4) 4 Then F_Tel.Refresh
If (F_load And 8) 8 Then F Test.Refres:
'If (F_load And 1) = 1 Then F Main.Refresh

End Sub

Private Sub MDIForm Unload(Cancel 2s Integer)
End MainProgram
Cancel = -1

End Sub
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Sub End MainProgram()
Dim Conf As Integer

Conf = MsgBox ("a8amssumsiule(YES) nie TUNO)", vbYesNo +

vbDefaultButton?2)
If Conf = vbYes Then
F_Test.Clear_ All Port

End UMTHNIY

End If
End Sub

U1 4.7 Tlsunsuwndn
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1.6 9§A Power Supply 199
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Volts/DIV =..........

Time/DIV =.........
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Volts/DIV =..........

Time/DIV =.........
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DIGIT RECEIVER
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ngilszeren
1. UpANEI AT 09T 118A1IUNLIEVB Loop — disconnect Dialing 18
2. infnwannsadnlennuviouazilss lomives Inter — train pulse
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Wy trains of Pulse C‘ﬁa%z131M1°1=1’f"1umsqummuﬂﬁﬁ%wia i59n71 Digit Receiver 4ARN
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1. nseigarnuais Insdwn Usenoudae

1.1 9@ Line Circuit 1 %@
1.2 9@ Digit Receivers 1 4@
1.3 %A Switch Matrix 1 ga
1.4 %@ Control Interface 1 9@
1.5 %A Tone Generator 1 %@
1.6 YA Power Supply 1 9@
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2. 1A509 INFANN 8 1A309
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MAUTUNIINAGDY
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4. Gutufinnanmsnaaes nsﬁﬁmﬁwﬁnnm?amwaagjmﬂq fudinwa

5. ndannany Insimyl (i T l9nSoamneiay 17) Iegluaniaz off - Hook thifin
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A15199 5.1 VUNNRANISNATDY

CALL STAGE
INDICTOR LAMP Idle | Off-hook| 1stdigit | 2nd digit | Answer | Clear
LOOP SIGNALS
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Inter - Train Pulse
Detector

Counter Left-hand
Right-hand

Counter Left-hand
Stored Value Left-hand

Right-hand
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ﬂ'ﬁ‘nﬂﬂi’)\‘iﬁ 2 The Inter — train Pulse
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A597 5.1 ﬁuﬁﬂwams‘nﬂaaa

Telephone On/off-hook Digit Receiver Accessed
Ist 2nd 3rd DR O DR 1
on on on
off on on
off off on
on off on
on off on
on off off
off off off
off on off
on on on
NANIINAADY
asdwanisnaang
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o Vv
AINNIENTIINAADN
1. n3ilai 19 LED 1erean1ie “Clear Detector” 94 Digit Receiver And 319

2. 999511971 Digit Receiver Inmsivumdonaivedals
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SWITCH MATRIX
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2. W lennuduWusved Junctors AUMSADIFNIUAD INTHNY LazIITHEARILE

GEN (Tone Generator)

ad g
LG TLNTAY

s d @ 1 @ d Y o ¥ Y a oo ‘5
seuuguee Insawnadlousng Tunisae Insdwiidduszdeldadadsuauann &a

» ¥
A '

TuanwdusTuwdr Insdmiz 1faudadeduase Jinsdniifisalifinsoariniuves
as (o‘: =1 9 o a A as L= LY o a o’;’ Y a
Tnsdwinanue fadezidudnulifinieansgumo Insimnnezdoaimsandaliifios
@ k4 ~ a ' 2w a LY 3/ o b a g 1 A
WenuANUABIMs Tumshezanasntulunandoanu uazezdoui i Insdniunazinsos

» 1 4 ' ]

AndodaiuAIY Switch Matrix Wuyaiiadeduuiioansnuaindas Tasinnuannse
uazdsz@ninmlumsas Insdwi I dud s 1dmidoway

Switch Matrix A9MIMHUA Junctors e 1Fam Fadumerhuveudomauaz
as b @ = .{ciy 9 ' 1 as o o
gy Msaindygnuvoudeags gunsandelFlumsaessnitInsdnivuguane

ar 4 o’;’ a o 1 ar A o 1 dy = J

Insdwdd stuiudedudulumsdadygnuednts ginsainaiiigSenit Junctors iy
IR Ingludnyusiithuuuy Marix Aeadadignaesmiuegludnvuziiuunidies

YVa

¥ v
199y Tumsnaaoailaz 1833050 Switch Matrix 7119974 1ag Junctors I4RUYLIUMS

Y

(5un LazRIMIINTZH I INTANNIY Tone Generator 991915

A A ¢
inFeaiauazanynl

1. ginssigarnguee Insdni Usznoudae

1.1 %@ Line Circuit 1 yA
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1.5 %® Tone Generator 1 9@
1.6 3@ Power Supply 1 ym
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MINARDIN 2 NMsFHVRIAIATUASHT
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CALL STATUS
CALL STAGE Successful Req'd.Line Buy No.Unobtainable l INDICATOR

Caller Line Off-hook

Caller's Junctor
EN Calling Line

Tone
EN Req'd.Line

I'st Digit Dialled

Caller's Junctor
EN Calling Line
Tone
EN Req'd.Line

2nd Digit Dialled

Caller's Junctor

EN Calling Line

Tone
EN Req'd.Line

2nd Digit Dialled

» - e Caller's Junctor

EN Calling Line
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NOT APPLICABLE|{ NOT APPLICABLE EN Req'd.Line

Req'd.Line Off-hook (conversation state)

Caller's Junctor
EN Calling Line

Tone
EN Req'd.Line

Req'd.Line Off-hook (idle)

Caller's Junctor

EN Calling Line

Tone

EN Req'd.Line
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MmN 7.1 ﬁuﬁﬂwamsmam

STGES IN THE CALL PROCESS
(C=CALL;R =REQUIRD LINE)

Off Istdigit { 2nd digit Alert Conversation
Hook C C C R C R

DIRECTORY NOS
EQUIPMENT NOS

OFF - HOOK MAP
BUSY LINE MAP
SWITCH JO
MAP J1
JE

TONES

JUNC. STATE
CALLING LINE
CALLING STATE
FIRT STATE
SECOND DIGIT
REQUIRED LINE
ALERTING MAP
CONGESTN MAP

NISNAADIN 2 The Call State

»
o U U
AAVVUNIINAABY
1. Ansaneinamsiiuinsa 1iinsiudineg 2 ¥99 uAayeaRe Junctor FIN1T19
i 2 sSwimstunnlasluvasiissuvegneg msuduiinmsSenzuanana

dy ::' 1 v ‘ﬁ! q 9o Y o
UHANUNIAT (Blank) 399181299 Junctor 0 uag Junctor 1 AINISUAAITIY

1 4
=

a Yy oy Yo - a A Y w -t ¥
SRYANNATUEIY ‘lﬁuu‘nnwamnmu NINBIVBINUNITISEN (Call State) ’1]31‘])'

WUFMYIAMI1 Call State

2. v‘hnﬁﬁuﬁnnmmmﬁﬂsmgiumﬁN‘umzﬁﬂﬁﬁﬂﬂimﬁwﬁmmzﬂm
(On — Hook)

3. mmstufinmnoeviivsing lumsiedefins Suaumnondn (Digigusnud

4. fnmstunnavmneilsinglumsiadielimsSumunuendn (Digit) fides

Y
4an
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M9 7.2 TuNnmsiSen

JUNC. STATE 0 JUNCTOR 0 JUNCTOR 1
CALLING LINE

CALL STATE

FIRST DIGIT

REQUIRED LINE

HaN1INAADdY

=
N1INAADIN 3 Switch Matrix Control
vin1son Insdnn nilamSeaesgme Funannuduiussenin LED Adauuga

Switch Matrix LRZAISUAAINANIVONTN

NAN1INANBY
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M1519% 7.3 Switch Map

Tel. 0 1 2 3 4 5 6 7

EN

Jo

I

EN/EET

Tones

Alerting

agUwanisnaass

AMOINMENIINAAS

Y

1.asoFuANNFuRUTsEnImsduavnuneves InsdmndiSonuazmssumanuneg
YoIguaIg Insenm
o o v Y Py o o Y] v oy Py 9 s d a
2.4y 2 uiadeamsulfeudninauiuua dvamsheg ey Insdniiau
@ d 4 o v ° o U
Tuszuvauang Insdwiansonsgii1ause 1 d1vi11dvzdesriedralsthe
a @ 1o ]
3. 9985emsasudunnnmsaunuvesguawInsdwy fvamsuvaily Junctor

a ] Qs a0 J
WOTUIBANUNIIBVBEAZ Junctor TugaRnauaIsInsdMN AL Junctor 1
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8-BIT ADDRESSABLE LATCH

The SN54/741.8259 is a high-speed 8-Bit Addressable Latch designed for
general purpose storage applications in digital systems. it is a multifunctional
device capable of storing single fine data in eight addressable latches, and
also a 1-of-8 decoder and demultiplexer with active HIGH outputs, The device
also incorporates an active LOW common Clear for resstting all fatches, as
well as, an active LOW Enable.

» Serial-to-Paraliel Conversion

¢ Eight Bits of Storage With Output of Each Bit Available
¢ Random (Addressable) Data Entry

Active High Demultiplexing or Dacoding Capability

» Easily Expandable

» Common Clear

CONNECTION DIAGRAM DIP (TOP VIEW)

Voo C E D O O 05 Q
[16] [1s] [va] [3a] [2] 1] [ro] [5]

SN54/74LS259

8-BIT ADDRESSABLE LATCH
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
SOIC
CASE 751B-03

PIN NAMES LOADING {Note a)
HIGH Low
Ag, At, A2 Address Inputs 0.5U.L. 0.25U.L. ORDERING INFORMATION
[3} Data Input 05UL 0.25U.L.
E Enable {Active LOW) Input 1.0UL 05U.L. SNS4LSXXXJ  Ceramic
c Clear (Active LOW) input 05 U.L 025 U.L. SN74LSXXXN  Plastic
QptoQy  Paraftel Latch Outputs (Note b) 100L | 5@5UL SN74LSXXXD  SOQIC
NOTES:
a) 1 TTL Undt Load (U.L.) = 40 =& HIGH/1.6 mA LOW.
b} The Output LOW drive factor is 2.5 U.L for Military (54) and 5 U.L, for Commercial
(74) Temperature Ranges.
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
vee Supply Voltage 54 45 5.0 5.5 v
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 *C
74 0 25 70
IoH Output Current ~ High 54,74 ~0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0
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SN54/74LS259
LOGIC DIAGRAM
E D N A & c Veo=PIN 16
® ® ® GND = PINB
(O = PINNUMBERS
AV
[
nl. 0 onl n| 0 nl
® ® © ® ® ®
Q Qy Q Q3 Q Qs Qe o7
FUNCTIONAL DESCRIPTION

The SN54/741.5259 has four modes of operation as shown
in the mode selection table. In the addressable latch mode,
data on the Data line (D) is written into the addressed
latch.The addressed latch will follow the data input with all

non-addressed latches remaining in their previous states. In-

the memory mode, all latches remain in their previous state
and are unaffected by the Data or Address inputs.
In the one-of-eight decoding or demuttiplexing mode, the

addressed output will follow the state of the D input with all
otherinputs in the LOW state. In the clear mode all outputs are
LOW and unaffected by the address and data inputs.

When operating the SN54/74L.S259 as an addressable

latch, changing more then one bit of the address could impose
a transient wrong address. Therefore, this should only be
done while in the memory mode.

The truth table below summarizes the operations.

MODE SELECTION TRUTH TABLE
PRESENT OUTPUT STATES
El C MODE CED Apg A1 A2| Qo Qq Q2 Q3 Q4 Qs Qs Q7 MODE
L} H| Addressable Latch LHX X X X L L L L L L L L |Clear
H| H| Memory LLer L Lt L L L L L L L L | Demuttiplex
L} L] Active HIGH Eight-Channel LLH L L t H L L L L L L L
Demuliplexer LLLH L L)L L v L L L ¢ v
H} L] Clear
LLHH L L L H L L L L L L
. » - . L]
»® * - - L]
* & » L] [ ]
. & o L] *
. & o . *
LLHH H H L L L L L L L H
HHX X X X |Qnot Memory
HI1{ L L L L Qn-1 On—1 Opeq Addressable
HLH L L L| H Oyq Qng Latch
HLL H L L QN L QN-1
HLHH L L [Qno H QN1
L Z ® L 2 Ll -
* » »® - L ]
- L] . ® L 2
. & @ L L
X = Don't Care Condition o o ® . -
L = LOW Vol Lavel
H = HIGH Voitage Level HLL H H H Oy, - 0N L
0N-1 = Previous Output Stats HLH H H H QN..j - QN_] H
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SN54/74L5259

AC WAVEFORMS

b 13V 13V

PLH

0 /
E \L‘-h j( SL"M -j{ 13y Q—M
——J'Pt.n

g

o 13V OTHER CONDITIONS: E = L, C = H, A = STABLE

- Figure 2. Turn-on and Turn-off Delays,
OTHER CONDITIONS: C =H, A = STABLE Data to Output

Figure 1. Turn-on and Turn-off Delays, Enable To
Output and Enable Pulse Width

Ay 5& 13V 7( 13V D
l l = L— I.S(H)_-:' b Ll ts(L)_-:i U
A 7% 13V wem *l 13V 3 —\__//—\j
‘H'IL i l t 13331
0 13V 13V a /W \\‘ (H>§

OTHER CONDITIONS: G = H, A = STABLE

OTHER CONDITIONS; E =, C=L. D=H

Figure 3. Turn-on and Turn-off Delays, Figure 4. Setup and Hold Time, Data to Enable

Address to Qutput

L—’r' LG8 s
R S’K 13v E \L

OTHER CONDITIONS: E = H

Figure 5. Turn-on Delay, Clear to Output OTHER CONDITIONS: C = H

Figure 6. Setup Time, Address to Enable
{See Notes 1 and 2)

NOTES:;
1. The Address to Enable Setup Time is the time before the HIGH-to-LOW Enabie transition that the Address must be stable $o that the correct iatch is

addressed and the other latches are not aflected.
2. The shaded areas indicate whan the Inputs are permitted to change for predictable output performance,
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SN54/74LS5259
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 20 v E,ﬁfm’}::ed Input HIGH Voliage for
54 0.7
viL Input LOW Voltage ” — v S,',‘,ar:;nm[:ed Input LOW Voltage for
ViK Input Clamp Diode Voltage ~-065 | -15 vV  lVeg=MIN, Iy =~18mA
54 25 35 v - - -
VOH Output HIGH Voage T T2 y ZF\?[L_ p“::b}’,:‘%"};tmfx' VIN=Vin
54,74 025 | 04 vV JloL=4.0mA Ve = Voo MIN,
VoL Output LOW Vollage Vin= Vi o Viy
74 0.35 0.5 ) loL=80mA per Truth Table
1% input HIGH Current 2 1A |Yoo=MAX Vin=27V
0.1 mA  |Voc=MAX, ViN=7.0V
I Input LOW Current -04 mA Voo =MAX, ViN=04V
los Short Clrcuit Cursent (Note 1) ~20 -100 mA | Voo = MAX
lcc Power Supply Current 36 mA | Voo = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 255C, Voo = 5.0 V)
LUimits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Enable to Output 22 35 ns
tPHL Turn-On Delay, Enable to Qutput 15 24 ns
tPLH Turn-Off Delay, Data to Qutput 20 32 ns
tPHL Tum-On Defay, Data to Output 13 21 ns CL=15pF
tPLH Turn-Off Delay, Address to Output 24 k) ns
tPHL Turn-On Delay, Address to Output 18 29 ns
tPHL Turn-On Delay, Clear to Output 17 27 ns
AC SET-UP REQUIREMENTS (Tp = 255C, Voo =50 V)
Limits
Symbol Parameter Min Typ Max Unit
tg Input Setup Time 20 ns
tw Pulse Width, Clear or Enable 15 ns
th Hold Time, Data 5.0 ns
th Hold Time, Address 20 ns
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INTEGRATED CIRCUITS .

DATA SHEET

For a complete data sheet, please also download:

e The IC04 LOCMOS HE40008B Logic
Family Specifications HEF, HEC

e The 1C04 LOCMOS HE4000B Logic
Package Outlines/Information HEF, HEC

HEF4017B

MSI
5-stage Johnson counter

Product specification January 1995
File under Integrated Circuits, 1C04
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Philips Semiconductors

Product specification

5-stage Johnson counter

HEF4017B
MSI

DESCRIPTION

The HEF4017B is a 5-stage Johnson decade counter with
ten spike-free decoded active HIGH outputs (O, to Og), an
active LOW output from the most significant flip-flop (65,9),
active HIGH and active LOW clock inputs (CPg, CP4) and
an overriding asynchronous master reset input (MR).

The counter is advanced by either a LOW to HIGH
transition at CP, while CP4 is LOW or a HIGH to LOW
transition at CP, while CPg Is HIGH (see also function
table).

When cascading counters, the Os.g output, which is LOW
while the counter is in states 5, 6, 7, 8 and 9, can be used
to drive the CPg input of the next counter.

A HIGH on MR resets the counter to zero
(Op =059 = HIGH; O, to Og = LOW) independent of the
clock inputs (CPg, CPy).

Automatic code correction of the counter is provided by an
internal circuit: following any ilfegal code the counter
retuns to a proper counting mode within 1 clock puises.

Schmitt-trigger action in the clock input makes the circuit
highly tolerant to siower clock rise and fall times.

2N
O
14]CPy

5—-STAGE JOHNSON COUNTER

[

15{MR I L

I I

DECODING AND OUTPUT CIRCUITRY

Op {01 |09

03 [04 |05 [Og |07 Og |Og

7269564.3 3 |2 4

7 1041 5 |6 {9 M

Fig.1 Functional diagram.

18§ [151 pwaf 131 j12| 93] jof |9
Vop MR CPy CP, 05.4 0 0, 04

D) HEF4017B

Os Oy Op O, O 07 O3 Vss
T2 BT &) 150 6] 17] 18
7769L0%

Fig.2 Pinning diagram.

HEF4017BP(N): 16-lead DIL; plastic (SOT38-1)
HEF4017BD(F):  16-lead DIL; ceramic (cerdip) (SOT74)
HEF4017BT(D): 16-lead SO; plastic (SOT109-1)

( ): Package Designator North America

PINNING
CPg clock input {LOW to HIGH triggered)
CP, clock input (HIGH to LOW triggered)
MR master reset input
Opto O decoded outputs
Oso carry output (active LOW)

FAMILY DATA, Ipp LIMITS category MS!
See Family Specifications
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5-stage Johnson counter

HEF4017B
MSI

Og_g

7265579.2

Og

0,

aa

O¢

Og

Fig.3 Logic diagram.

04

O3

|
|
|
T
|
|
Oll
jo

1

[o]
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Philips Semiconductors Product specification
HEF4017B
5-stage Johnson counter MSI

FUNCTION TABLE

Notes

MR

OPERATION

«| gl

H
L

,_
K‘Ixr—'\xx%
(=)

r—l\lIxr'K'

Oo=65.g=H;O1 toOg=L

Counter advances

Counter advances

No change
No change

No change

No change

AC CHARACTERISTICS

Vss = 0 V; Tamp = 25 °C; C = 50 pF; input transition times < 20 ns

4, _/— = positive-going transition
5. —\_ = negative-going transition

1. H =HIGH state {the more positive voltage)
2. L =LOW state (the less positive voltage)
3. X =state is immaterial

V TYPICAL EXTRAPOLATION
3° SYMBOL | MIN.  TYR. MAX, FORMULA
Propagation dejays
CPy, CPy > Op to Oy 5 140 280 ns 113ns + (0,55 ns/pF) C
HIGH to LOW 10 |tpHL 55 110 ns 44ns + (0,23 ns/pF) CL
15 40 80 ns 32ns + (0,16 ns/pF) C
5 125 250 ns 98ns + (0.55ns/pF) Cy
LOW to HIGH 10 [ty 50 100 ns 39ns + (0.23ns/pF)C_
15 40 80 ns| 32ns + (0,16ns/pF)C
CPy, CPy — Osy 5 145 200 ns| 118ns + (0,55ns/pF)CL
HIGH to LOW 10 |to 55 110 ns| 44ns + (0.23ns/pF)C_
15 40 80 ns 32ns + (0,16ns/pF)C
5 125 250 ns 98ns + (0,55ns/pF) C
LOW fo HIGH 10 |tey 50 100 ns| 39ns + (0,23 ns/pF)C
15 40 80 ns 32ns + (0,16 ns/pF) CL
MR — O, to Og 5 115 230 ns| 88ns + (0,55ns/pF)C,
HIGH to LOW 10 | tpwL 50 100 ns 39ns + (0.23ns/pF) Cy,
15 35 70 ns 27ns + (0,16 ns/pF) Cy.
MR — Os.g 5 110 220 ns| 83ns + (0,55ns/pF)C,
LOW to HIGH 10 |t 45 90 ns 34ns + (0,23 ns/pF)C_
15 35 70 ns 270s + (0,16 ns/pF) C_
MR — Oq 5 130 260 ns| 103ns + (0,55ns/pF) CL
LOW to HIGH 10 |tptn 55 105 ns 44ns + (0,23 ns/pF)C
15 40 75 ns 32ns + (0,16 ns/pF) C.
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Philips Semiconductors Product specification
HEF4017B
5-stage Johnson counter
MSI
V'] TYPICAL EXTRAPOLATION
3" SYMBOL | MIN.  TYP. MAX. FORMULA
Output transition
times 5 60 120 ns 10ns + (1,0ns/pF) Cy
HIGH to LOW 10 |t 30 60 ns 9ns + (0,42 ns/pF)C,
15 20 40 ns 6ns + (0,28ns/pF) C.
5 60 120 ns 10ns + (1,0 ns/pF) C,
LOW to HIGH 10 |t 30 60 ns 9ns + (0,42 ns/pF) Cy.
15 20 40 ns 6ns + (0,28 ns/pF)C,
AC CHARACTERISTICS
Vgs = 0 V; Tamp =25 °C; C = 50 pF; input transition times < 20 ns
V3° SYMBOL | MIN. TYR.  MAX.
Hold times 5 90 45 ns
CPy —»CP4 10 {thou 40 20 ns
15 20 10 ns
5 80 40 ns
CP, - CPq 10 | thow 40 20 ns
15 30 10 ns
Minimum clock
pulse width: 5 80 40 ns
CPy = LOW; 10 :::g":: = 40 20 ns see also waveforms
CP, = HIGH 15 30 15 ns Figs4 and 5
Minimum MR 5 50 25 ns
puise width; HIGH 10 tmRH 30 15 ns
15 20 10 ns
Recovery time 5 60 30 ns
for MR 10 tamA 30 15 ns
15 20 10 ns
Maximum clock 5 6 12 MHz
pulse frequency 10 fmax 12 24 MHz
15 15 30 MHz
v3° TYPICAL FORMULA FOR P (uW)
Dynamic power 5 500 f + % (f,Ct) x Vpp? where
dissipation per 10 2200 f; + X (1,CL) X Vpp2 f; = input freq. (MHz)
package {P) 15 60001 + % (f,C1) x Vpp? fo = output freq. (MH2)
C, = load cap. (pF)
3. ({,Cv) = sum of outputs
Voo = supply voltage (V)
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HEF4017B

5-stage Johnson counter MSI

CPy INPUT 50% 50%
—{ % hoid | “’I t hold I
€Py INPUT 50% 50%
]
} twcPH -l 72895780

Fig.4 Wavetorms showing hold times for GPy to CP and CP; 1o CPg. Hold times are shown as positive values,
but may be specified as negative values.

-—— thPL —-—'

CPy INPUT

= taug 1=—

MR INPUT 50%% 50%

: !
’c— tWMRH_’]

0n OUTPUT k\\ /é

1289574.2

Conditions: CPy = LOW while CP; is triggered on a LOW to HIGH transition. tucp and
trmn 8130 apply when CPo = HIGH and CP, is triggered on a HIGH to LOW transition.

Fig.5 Wavetorms showing recovery time for MR; minimum CPq and MR pulse widths.
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Py INPUT

somer A

MR INPUT \

0g OUTPUT !

ot

0y OUTPUT ]

0, OUTPUT ]

04 OUTPUT ]

04 OUTPUT

Og OUTPUT

il

Og OUTPUT

05 OUTPUT

Og OUTPUT

0g OUTPUT

65_9 OUTPUT

L } 7784126

Fig.6 Timing diagram.




-

195

Philips Semiconductors Product specification
HEF4017B
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APPLICATION INFORMATION

Some examples of applications for the HEF4017B are:
» Decade counter with decimal decoding

» 1 out of n decoding counter (when cascaded)

+ Sequential controller

o Timer.

Figure 7 shows a technique for extending the number of decoded output states for the HEF4017B. Decoded outputs are
sequential within each stage and from stage to stage, with no dead time (except propagation delay).

1 T ]
MR MR MR
CPg CPg ——CPg
cPy HEF40178 oy HEF40178 cpy HEF40178
Og 01----08 Og Op 0y----0g Og I Oy--v--- 0Og Og
S
Nre—— e —"
9 decoded 8 decoded 8 decoded
outputs oulputs outputs
1784127
clock —_—
tirst stage intermediate stages last stage

Fig.7 Counter expansion.

Note

Itis essential not to enable the counter on CPy when CPy is HIGH, or on CPg when CP; is LOW, as the this would cause
an extra count.
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Dual Up Counters

The MC14518B dual BCD counter and the MC14520B dual binary counter
are construcied with MOS P—channel and N—channel enhancement mode
devices in a single monolithic structure. Each consists of two identical,
independent, intemally synchronous 4-stage counters. The counter stages
are type D flip-flops, with interchangeable Clock and Enable lines for
incrementing on either the positive—going or negative—going transition as
required when cascading multiple stages. Each counter can be cleared by
applying a high level on the Reset line. In addition, the MC 145188 will count
out of all undefined states within two clock periods. These complementary
MOS up counters find primary use in multi-stage synchronous or ripple
counting applications requiring low power dissipation and/or high noise
immunity.

» Diode Protection on All Inputs

» Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Intemally Synchronous for High Intemal and Extemal Speeds

* Logic Edge—Clocked Design — Incremented on Positive Transition of
Clock or Negative Transition on Enable

+ Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range

MAXIMUM RATINGS* (Volages Referenced to Vsg)

MC14518B
MC14520B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
Y PLASTIC
CASE 648

DW SUFFIX
SOIC
CASE 751G

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Ta = = 55° to 125°C for all packages.

Symbol Parameter Value Unit
Vop DC Supply Voltage ~051t0+ 18.0 \
Vin. Vout | Input or Output Voitage (DC or Translent) | 0.51t0 Vpp + 0.5 v

lin. lout | Input or Output Current (DC or Transient), +10 mA
per Pin

Pp Power Dissipation, per Packaget 500 mw

Tsig Storage Temperature -65to+ 150 °C

T Lead Temperature (8~-Second Soldering) 260 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
1Temperature Derating:

Plastic “P and D/OW" Packages: — 7.0 mW/°C From 65°C To 125°C

Ceramic “L" Packages: - 12 mW/°C From 100°C To 125°C

TRUTH TABLE
Clock | Enable | Reset Action
P 1 0 Increment Counter
0 N 0 Increment Counter
S X 0 No Change
X P 0 No Change
S 0 0 No Change
1 N 0 No Changa
X X 1 QOthru Q3 =0
X =Don't Care

REV 3
194

BLOCK DIAGRAM

1 [0 o]
¢ Qo4
2 [0/ md ]
ENABLE a xR o 1]
70 !
CLO(;K oo
ot o 12
10 ¢ @ron
ENABLE A mois
150 I
Vpp=PIN 16
Vgs=PINS

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applications of
any volage higher than maximum rated volt-
ages fo this high-impedance circuit. For proper
operation, Vi, and Vot should be constrained
to the range Vgg = (Vip or Vouy) < VpD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either Vgg
or Vpp). Unused outputs must be left open.

© Motorola, Inc. 1995

@ MOTOROLA
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 2 Max Min Max Unit
Output Voltage 0" Level VoL 5.0 —_ 0.05 - 0 0.05 —_ 0.05 Vde
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.0 — 0.05
“1"Level | VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =00r Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14,95 15 — 14.95 —
Input Voltage ‘0" Level ViL Vdc
(Vo =4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15 -
(Vo =9.00r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
*1" Level ViH Vde
(Vo = 0.5 or 4.5 Vde) 5.0 35 — 35 275 —_ 35 -
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 —_ 7.0 —_
(Vo =1.50r 13.5 Vdc) 15 1 — " 8.25 _ N —
Output Drive Current IoH mAde
{VOH = 2.5 Vdc) Source 5.0 -3.0 - -24 -4.2 — -1.7 —_—
(VoH = 4.6 Vdc) 5.0 -0.64 —_ ~0.51 -0.88 - ~0.38 —
(Von = 9.5 Vdc) 10 -1.8 — -13 ~2.25 —_ -0.9 —
{(Voi = 13.5 Vdo) 15 -42 -— -34 -8.8 —_ -24 —
{Vor = 0.4 Vdg) Sink o, 5.0 0.64 —_ 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 —_ 1.3 2.25 -_ 0.9 -
(VoL = 1.5 Vdg) 15 4.2 - 3.4 8.8 _— 24 —
tnput Current lin 15 - +0.1 — | %0.00001 | +0.1 — +1.0 | «Adc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current oo 5.0 — 5.0 — 0.005 5.0 — 150 ~Adc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 - 600
Total Supply Current**+ i 5.0 = (0.6 =AXH2) f + Ipp ~Adc
(Dynamic plus Quiescent, 10 IT= (1.2 <AKH2Z) f + Ipp
Per Package) 15 7 = (1.7 <AXHZ) | + IDD
(CL = 50 pF on all outputs, all
buffers switching) -

#Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.
** The formulas given are for the typical characteristics only at 25°C.
170 calculate total supply current at loads other than 50 pF:
IT(Cy) = IT(50 pF) + (C_ ~ 50) Vik
where: Iy Is In A (per package), Cy_in pF, V = (Vpp - Vsg) in volts,  in kHz is input Irequency, and k = 0.002.

PIN ASSIGNMENT
Call 10 16 ] Voo
Eall 2 15 [IRg
Qall3 14 {1 Q3g
Qlall 4 13 1 02
205 12f]o1g
Qa0 6 1 {1 Q0g
RAll 7 10 [l Eg
vss 8 sfics

MC14518B MC145208 MOTOROLA CMOS LOGIC DATA
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SWITCHING CHARACTERISTICS® (C|_ = 50 pF, Tp = 25°C)

All Types
Characteristic Symbol Vpp Min Typ # Max Unit
Output Rise and Fall Time tLH. ns
tiH tTHL = (1.5 ns/pF) CL + 25 ns THL 5.0 — 100 200
M. tTHL = (0.75 ns/pF) C_ + 12.5 ns 10 —_ 50 100
tTLH. tTHL = (0.55 ns/pF) G+ 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Clock to Q/Enable to Q PHL
{PLH, tPHL = (1.7 ns/pF) CL + 215 ns 5.0 —_— 280 560
tPLH. tPHL = (0.66 ns/pF) C|_ + 97 ns 10 - 115 230
1PLH. tPHL = (0.5 ns/pF) C_+ 75 ns 15 — 80 160
Resatto Q PHL ns
tPHL = (1.7 ns/pF) C|_ + 265 ns 5.0 — 330 650
tpHL = {0.66 ns/pF) C_ + 117 ns 10 — 130 230
tpHL = (0.66 ns/pF) C + 95 ns 15 — 20 170
Clock Pulse Width ‘w(H) 5.0 200 100 — ns
tw(L) to 100 50 _
15 70 35 —
Clock Pulse Frequency it 5.0 - 25 1.5 MHz
10 — 8.0 3.0
15 -~ 8.0 4.0
Clock or Enable Rise and Fall Time tTHL. tTLH 5.0 — — 15 ns
10 — - 5
15 - — 4
Enable Pulse Width WH(E) 5.0 440 220 — ns
10 200 100 —_
15 140 70 -
Reset Putse Width WH(R) 5.0 280 125 —_ ns
10 120 55 —
15 90 40 —
Reset Removal Time trem 5.0 -5 -45 — ns
10 15 -15 —
15 20 -5 —

* The formulas given are for the typical characteristics only at 25°C.
#Data labelled “Typ™ is not to be used lor design purposes but Is intended as an indication of the IC's potential parformance.

500 uF

PULSE

c @
GENERATOR | a1 }—o l
o8 L

VARIABLE
WIDTH

Figure 1. Power Dissipation Test Circuit and Waveform
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Figure 2. Switching Time Test Circuit and Waveforms

ti213]a]s|e|7]8 |9 [10]11]12[13]14}15]18}17|18
s nnnninnn
ENABLE
I
RESET—L —
. 1121314516 7/8/9l0l12(3/4i5]6{7(8[9 0
w1 T H oy
mciasige {4 O
@
- 1]2(3 (4[5 /61789 l10]11/12/1314/15/0 /1|23 4
wo—d LT W
MC145208
@
L

Figure 3. Timing Diagram
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Figure 4. Decade Counter (MC14518B) Logic Diagram

(1/2 of Device Shown)
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CLOCK
Figure 5, Binary Counter (MC14520B) Logic Diagram
(1/2 of Device Shown)
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Iso-cM0S  MT8816
8 x 16 Analog Switch Array

o

Features

* Internal control latches and address decoder

¢ Short set-up and hold times

+ Wide operating voltage: 4.5V to 13.2V

* 12Vpp analog signal capability

* Ropn 652 max. @ Vpp=12V, 25°C

*  ARgpn S10Q @ Vpp=12V, 25°C

* Full CMOS switch for low distortion

+ Minimum feedthrough and crosstalk

» Separate analog and digital reference supplies
* Low power consumption |SO-CMOS technology

Applications

* Key systems

* PBX systems

* Mobile radio

* Test equipment/instrumentation
* Analog/digital muitiplexers

» Audio/Video switching

ISSVE 2 November 1988

Ordering Information

MT8816AC 40 Pin Ceramic DIP
MTB8816AE 40 Pin Plastic DIP
MT8816AP 44 Pin PLCC

-40° to 85°C

Description

The Mitel MTB8816 is fabricated in MITEL's 1SO-
CMOS technology providing low power dissipation
and high reliability. The device contains a 8 x 16
array of crosspoint switches along with a 7 to 128
line decoder and latch circuits. Any one of the 128
switches can be addressed by selecting the
appropriate seven address bits. The selected switch
can be turned on or off by applying a logical one or
zero to the DATA input. Vgg is the ground refer-ence
of the digital inputs. The range of the analog signal
is from Vpp to Vge. Chip Select (CS) allows the
crosspoint array to be cascaded for matrix
expansion.

CS STROBE DATA RESET VDD  VEE vSS
. *
H ¥ H
3 4 — .
AXO 1 - 1 = g
AX1 :
AX2 E
7 to 128 : .
AX3 - .
o Decoder Latches E %»(;0"?5)
AY1 - .
AY2 128 128
o

Yi lfO (i=0-7)

Figure 1 - Functional Block Diagram
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RESET L] 3 38 [ DATA s UUUUUUUUUY
AX3 []4 3711w 6 54 3274443424140
axo (15 lics X147 9] Yo
x14 ] 6 3] vo X158 38} NC
x15 7 34 LINC X6 |9 37 xo
x6 []8 33 [ xo X7 2 10 36] x1
X7 [} 9 a2 [ x1 X8 1 3B X2
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NC [ 14 27 L1 x12 NC 16 ao:é %13
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vs [J17 24 L1 AY0
sTRoOSE [18 R[] Ax2 EEEEEQQHQQH
v5 [} 19 2 aa BERRUILNESQ
vee [ 20 21 vq > 9 > <<
[
o
IN RDIP/P i P 44 PIN PLCC

Pin Description

Figure 2 - Pin Connections

Pin #* Name Description
Y3 Y3 Analog (Input/Output): this is connected to the Y3 column of the switch array.
AY2 Y2 Address Line (Input).
RESET [Master RESET (Input): this is used to tum off all switches regardiess of the condition of
CS. Active High.
45 AX3,AX0 | X3 and X0 Address Lines (Inputs).
" 6,7 X14, X15 |X14 and X15 Analog (Inputs/Outputs): these are connected to the X14 and X15 rows of
the switch array.
8-13 X6-X11 {X6-X11 Analog (Inputs/Outputs): these are connected to the X6-X11 rows of the switch
array.
14 NC No Connection
15 Y7 Y7 Analog (Input/Output): this is connected to the Y7 column of the switch array.
16 Vgs |Digital Ground Reference.
17 Y6 Y6 Analog (Input/Output): this is connected to the Y6 column of the switch array.
18 STROBE |STROBE (Input): enables function selected by address and data. Address must be stable
before STROBE goes high and DATA must be stable on the falling edge of the STROBE.
Active High.
19 Y5 Y5 Analog (Input/Output): this is connected to the Y5 column of the switch array.
20 Veg |Negative Power Supply.
21 Y4 Y4 Analog (Input/Output): this is connected to the Y4 column of the switch array.
22,23 | AX1,AX2 |X1 and X2 Address Lines (Inputs).
24,25 | AY0,AY1 YO and Y1 Address Lines (Inputs).

* Plastic DIP and CERDIP only
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ISO-cMOS MT8816

Pin Description (continued)

Pin #* Name Description
26,27 | X13, X12 |X13 and X12 Analog (Inputs/Outputs): these are connected to the X13 and X12 rows of
the switch array.
28-33 X5-X0 [X5-X0 Analog (Inputs/Outputs): these are connected to the X5-X0 rows of the switch
array.
34 NC No Connection.
+ 35 YO Y0 Analog (Input/Output): this is connected to the YO column of the switch array.
36 CS  |Chip Select (Input): this is used to selecl the device. Active High.
37 Y1 Y1 Analog (Input/Output): this is connected to the Y1 column of the switch array.
38 DATA |DATA (Input): alogic high input will tum on the selected switch and a logic low will tum off
the selected switch. Active High.
39 Y2 Y2 Analog (Input/Output): this is connected to the Y2 column of the switch array.
40 Vpp |Positive Power Supply.

* Plastic DIP and CERDIP only

Functional Description

The MT8816 is an analog switch matrix with an array
size of 8 x 16. The switch array is arranged such that
there are 8 columns by 16 rows. The columns are
referred to as the Y inputs/outputs and the rows are
the X inputs/outputs. The crosspoint analog switch
array will interconnect any X /O with any Y /O when
turned on and provide a high degree of isolation
when turned off. The control memory consists of a
128 bit write only RAM in which the bits are selected
by the address inputs (AY0-AY2, AX0-AX3). Data is
presented to the memory on the DATA input. Data is
asynchronously written into memory whenever both
the CS (Chip Select) and STROBE inputs are high
and are latched on the falling edge of STROBE. A
logical “1” written into a memory cell turns the
corresponding crosspoint switch on and a logical 0"
turns the crosspoint off. Only the crosspoint switches
corresponding to the addressed memory location are
altered when data is written into memory. The
remaining switches retain their previous states. Any
combination of X and Y inputsfoutputs can be
interconnected by establishing appropriate patterns
in the control memory. A logical *1” on the RESET
input will asynchronously return all memory locations
to logical “0° turning off all  crosspoint
switches regardless of whether CS is high or low.
Two voltage reference pins (Vgg and Vgg) are
provided for the MT8816 to enable switching of
negative analog signals. The range for digital
signals is from Vpp to Vgg while the range for analog
signals is from Vpp t0 Vge. Vgg and Veg pins can be
tied together if a single voltage reference is needed.

Address Decode

The seven address inputs along with the STROBE
and CS (Chip Select) are logically ANDed to form an
enable signal for the resettable transparent latches.
The DATA input is buffered and is used as thexinput~_
to all latches. To write to a location, RESET must be
low and CS must go high while the address and data
are set up. Then the STROBE input is set high and
then low causing the data to be latched. The data
can be changed while STROBE is high, however, the
corresponding switch will turn on and off in
accordance with the DATA input. DATA must be
stable on the falling edge of STROBE in order for
correct data to be written to the latch.
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MT8816 1sO-cMOS
1
Absolute Maximum Ratings:. voliages are with respect to Vg uniess otherwise stated.
Parameter Symbol Min Max Units
1 | Supply Voltage Voo -0.3 16.0 \
Vss -0.3 Vpp+0.3 v
2 | Analog Input Voltage Vina -0.3 Vpp+0.3 v
3 | Digital input Voltage Vin Vgs5-0.3 Vpp+0.3 v
4 | Current on any 1/O Pin | +15 mA
5 | Storage Temperature Ts -65 +150 °C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 w
CERDIP Po 1.0 w

Exceeding these values may cause permanent damage. Functional operation under these conditions is not imptied.

Recommended Operating Conditions - vottages are with respect to Vg uniess otherwise stated.

Characteristics Sym | Min | Typ Max Units Test Conditions
1 | Operating Temperature To -40 25 85 °C
2 | Supply Voltage Voo 45 13.2 \
Vss | Vee Vpp-4.5 \'
3 | Analog input Voltage Vina | Vee Vop \
4 Digital Input Voltage VIN VSS VDD \
DC Electrical Characteristics!- voitages are with respect to Vg=Vgs=0V, Vpp =12V unless otherwise stated.
Characteristics Sym Min Typ* | Max | Units Test Conditions

1 | Quiescent Supply Current loo 1 100 pA | All digital inputs at ViN=Vgg OF

Voo
0.4 1.5 mA | All digital inputs at Viy=2.4V +
VSS; VSS=7.0V
5 15 mA | All digital inputs at Viy=3.4V
2 | Oft-state Leakage Current lorr z1 =500 NA | IVy- Vyjl = Vpp - Vge
(See G.9in Appendix) See Appendix, Fig. A.1

3 | Input Logic “0° level ViL 0.8+Vsg v Vgg=7.5V; Vgg=0V

4 | Input Logic “1" level Vg | 2.04Vss V| Vgg=6.5V; Vgg=0V

5 | Input Logic “1” level Viy 33 v

6 | Input Leakage (digital pins) ) eak 0.1 10 pA | All digital inputs at Vi = Vgg
or VDD

t DC Electrical Characlenistics are over recommended temperature range.
$ Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

DC Electrical Characteristics- Switch Resistance - v, is the external DC ofisat applied at the analog VO pins,

Characteristics Sym 25°C 70°C 85°C Units Test Conditions
Typ | Max | Typ |.Max | Typ | Max
1 {On-state VDD=1 2V RON 45 65 75 80 Q VSS=VEE=0V)VDC=VDDI2'
Resistance Vpp=10V 55 | 75 85 90 Q  |WVy;Vyjl = 0.4V
Vpp= 5V 120§ 185 215 225 Q |See Appendix, Fig. A.2
(See G.1,G.2,G.3in
Appendix)
2 |Difference in on-state ARpon | B 10 10 10 Q |Vpp=12V, Vgg=VEge=0,
resistance between two Voc=Vor/2,
switches lei-Vyjl =0.4V
{See G.4 in Appendix) See Aooendix. Fia. A.2
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ISO-cMOS MT8816

AC Electrical Characteristics! - Crosspoint Performance vattages are with respect o Vpp=5V, Vgs=0V,
Vee=-7V, unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Switch YO Capacitance Cs 20 pF | f=1 MHz
2 | Feedthrough Capacitance Cr 0.2 pF | f=1 MHz
3 | Frequency Response Fags 45 MHz | Switch is "ON™; Viya = 2Vpp
Channel “ON”" sinewave; R = 1kQ
20LOG (Voyt/Vx)=-3dB See Appendix, Fig. A.3
4 | Total Harmonic Distortion THD 0.01 % | Switch is "ON"; Viya = 2Vpp
(See G.5, G.6 in Appendix) sinewave f= 1kHz; R =1kQ
5 | Feedthrough FDT -95 dB | All Switches "OFF"; Viya=
Channel “OFF° 2Vpp sinewave f= 1kHz;
Feed.=20LOG (Vou1/Vy) R = 1kQ.
(See G.8 in Appendix) See Appendix, Fig. A.4
6 | Crosstalk between any two Xialk -45 dB | Viya=2Vpp sinewave
channels for switches Xi-Yi and f= 10MHz; R_= 7502
Xj-Yj. -90 dB | Viya=2Vpp sinewave
ake2OLOG f= 10kHz; Ry = 600€2.
B VyVx)- -85 dB | Viya=2Vpp sinewave
{See G.7 in Appendix). f= 10kHz; Ry = TkQ.
-80 dB | Viya=2Vpp sinewave
f= 1kHz; R = 10kQ.
Refer to Appendix, Fig. A.5
for test circuit.
7 | Propagation delay through tps 30 ns R, =1kQ: C, =50pF
switch
1 Timing is over recommended temperature range. See Fig. 3 for control and VO timing details.

3 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
Crosstatk measurements are for Plastic DIPS only. crosstalk values for PLCC packages are approximately 5dB better.

AC Electrical Characteristics! - Control and /O Timings- voiages are with respect to Vpg=5V. Vgg=0V.
Veg=-7V. unless otherwise stated.

Characteristics Sym | Min | Typ? | Max | Units Test Conditions

1 | Control Input crosstalk to switch- | CXyqx 30 mVpp | V=3V squarewave;

(for CS, DATA, STROBE, Rin=1k€, R =10k

Address) See Appendix, Fig. A.6
2 | Digital input Capacitance Cp) 10 pF |f=1MHz
3 | Switching Frequency Fo 20 MHz
4 | Setup Time DATA to STROBE tos 10 ns [Ry=1kQ, Cy=50pF *
5 | Hold Time DATA to STROBE tow | 10 ns |[R.=1kQ C =50pF ®
6 | Setup Time Address to STROBE | txg 10 ns |Ry=1kQ C =50pF *
7 |Hold Time Address to STROBE taH 10 ns |R =1kQ, C =50pF ¥
8 | Setup Time CS to STROBE tcss | 10 ns |Ry=1kQ C =50pF %
9 { Hold Time CS to STROBE tesH 10 ns |R =1k C =50pF ¥
10 | STROBE Pulse Width tspw | 20 ns |Ry= 1k C=50pF "
11 | RESET Pulse Width tapw | 40 ns |R.=1kQ C =50pF
12 | STROBE to Swilch Status Delay s 40 100 ns Ru= 1kQ C =50pF ¥
13 | DATA to Switch Status Delay 1p 50 [ 100 [ ns |R=1kQ C_=50pF ©
14 | RESET to Swilch Status Delay R 35 100 ns Ry =1kQ, Cy=50pF *

1 Timing is over recommended temperature range.
Digita! input rise time (tr) and fall time (tf) = 5ns.

See Fig. 3 for control and 1O timing details.

3+ Typical figures are at 25°C and ara for design aid onty: nat guaranteed and not subject to production testing.
(i Refar 1o Aopandix. Fia. A.7 for tast circuit.
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Figure 3 - Control Memory Timing Diagram

* See Appendix, Fig. A.7 for switching wavelorm

-

[=

2 [<¥=) op0oQ

HKlcooooo o000 . Tl Yo a 2o Pie ¢

w YNNYYYv..Y.YY.YY.Mv..v..H LHY...HY...MV..:.HY;HY!.MWLW
2 012m+5ﬁm&7&91HM10l10!.10...10&101.!011&|.1
EPRM XX XX e XXM L LR R[X %X %X R|X7 z|x Xx|X X|X X
o]

(&)

N

M OO0 OO0O0OODOOOODOO|O0d 0|6+ Olo— Ofra w|rs rlea w|ra -
-

N CO0O000D000DO0ODO0O0ODO0OO0D{O Olr vwlewes (O O|O Olem w | vr—p »~
o

M OO0 O00O000O0O]|esd m|lod Ojr |04 O|r2 ~jO O =~
(9]

M OO0OO0O0O0O0OQCOwmerremrmrwe |09 o4 «|O3 =093 |03 {09 ~]O~ ~
o

X |looo o err e roo00Orwere|(Od |0 v low o |0 «]o= ~{o= ~
<

-

OO - 0O r 0O~ r0O0r |09 |03 w09 «|Oo9d =|o ~]jOos =[O ~
<

o
Mlororor0r0r0rOrom|{od o |09 o ~|[Oov =|O0 o
<

Table 1. Address Decode Truth Table

[

—— w o W

[PRIRRP IR S

- e W e

* Switch connections are not in ascending order



209

MT8816 1S0-cMOS

Absolute Maximum Ratings*- voitages are with respect to Vg unless otherwise stated.

Parameter Symbol Min Max Units
1 | Supply Voltage Voo -0.3 16.0 \'
Vss -0.3 Vppt0.3 \%
2 | Analog input Voltage Vina 0.3 Vpp+0.3 v
3 | Digital Input Voltage Vin Vgs-0.3 Vpp+0.3 '
4 | Current on any /O Pin ! =15 mA
5 | Storage Temperature Tg -65 +150 “C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 w
CERDIP Po 1.0 w

Exceeding these values may cause permanent damage. Functional operation under these condttions is not impfied.

Recommended Operating Conditions - vorages are with respect to Ve unless otherwise stated.

Characteristics Sym | Min | Typ Max Units Test Conditions
1 | Operating Temperature To -40 25 85 °C
2 | Supply Voltage Vop | 45 13.2 \'
Vgs | Vee Vpp-4.5 \'
Analog Input Voltage Vina | Vee Voo \'
4 | Digital input Voltage Vin Vss Voo \
DC Electrical Characteristics!- votages aro with respett to Vgg=Vgs=0V, Vpg =12V unless otherwise stated.
Characteristics Sym Min Typt Max | Units Test Conditions
1 | Quiescent Supply Current oo 1 100 pA | All digital inputs at Viy=Vgs of
Voo
0.4 1.5 mA | All digital inputs at Vy=2.4V +
Vsg; Vgg=7.0V
5 15 mA | All digital inputs at V|y=3.4V
2 | Off-state Leakage Current loep £1 £500 NA | V- Vyjl =Vpp - Vg
(See G.9in Appendix) See Appendix, Fig. A.1
3 | Input Logic “0” level ViL 0.8+Vgg \' Vgg=7.5V; Vge=0V
4 | Input Logic *1” level Vi | 20+Vss \' Vgg=6.5V; V=0V
5 | Input Logic “1” level Viu 33 v
6 | Input Leakage (digital pins) heak 0.1 10 pA | Al digital inputs at Vi = Vss
or VDD

1t DC Electrical Cheracteristics are over rocommended temperature range.
¥ Typical figures are at 25°C and are for design aid only; nat guaranteed and not subject to production testing.

DC Electrical Characteristics- Switch Resistance - v, is the extemal DC ofiset applied at the analog 1O pins.

Characteristics Sym 25°C 70°C 85°C Units Test Conditions
Typ | Max | Typ | Max | Typ | Max
1 On~state VDD=1 2V RON 45 65 75 80 Q VSS=VEE=0V,VDC=VDD/2,
Resistance VDD=1 ov 55 75 85 90 Q IVXTVY]' = 0.4V
Vpp= SV 120 | 185 215 225 Q2 |See Appendix, Fig. A.2
(See G.1,G.2,G.3in
Appendix)
2 {Difference in on-state ARgn | B 10 10 10 Q  |Vpp=12V, Vgg=Vge=0,
resistance between two Voe=Vpp/2,
switches Vi Vyjl = 0.4V
{See G.4 in Appendix) See Appendix. Fia. A.2
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. ISO%-CMOS MT88L70
MlTEL 3 Volt Integrated DTMF Receiver

i S - Se- i - =
Features . ISSUE 2 May 1085
* 2.7 -3.6 voit operation Ordering Information
* Complete DTMF receiver MT88L70AC 18 Pin Geramic DIP
* Low power consumption MT88L70AE 18 Pin Plastic DIP

MTB88L70AS 18 Pin SOIC

. . MT88L70AN 20 Pin SSOP
* Adjustable guard time MTBBL70AT 20 Pin TSSOP
= Central office quality .40 °C to + 85 °C

* Power-down mode
* Inhibit mode

s Functionally compatible with Mitel's MT8870D Description

* Internal gain setting amplifier

Applications The MT88L70 is a complete 3 Voit, DTMF receiver
integrating both the bandsplit filter and digital
decoder functions. The filter section uses switched

* Paging systems capacitor techniques for high and low group
* Repeater systems/mobile radio filters; the decoder uses digital counting
* Credit card systems technigues to detect and decode all 16 DTMF tone-

pairs into a 4-bit code. External component count is

* R ontrol N . L i S
emote contro minimized by on chip provision of a differential input

* Personal computers amplifier, clock oscillator and latched three-state bug
» Telephone answering machine interface. \
VDD  VSS VRal INH
[
Bias
PWDN *  Circui VRef
Buffer
‘ ‘ — g—» ot
Chip Ch
Powar esalg HighGroup | | _U— Digitat Code
Filter Detsction Converter .
Algorithm and Latch Q2
IN
* %,a,:, Zero Crossing
IN - Fitter Detectors = (13
GS ~— Low Group o
Filter _D— &—-— Qs
1o all P
D& Chip — St tearing
Ciocks GT Logic
AN
! |
OSCt 0sC2 SYGT ESt STD TOE

Figure 1 - Functional Block Diagram
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INe[ 1 U 18 JvoD iNe[] 1 U 2013 VDO

IN-[] 2 17 svGT N-[] 2 19171 svGT
Gs[]3 16 ESt Gs] 3 18] ESt
VRet[] 4 150]stD VRet[[] 4 170 S0
INH[] 5 14Jo4 INH[] 5 ®BINC
PWON[] 5 13[0a3 PWDNL] 6 1511 Qs
oscil}7 12[7q2 NC[] 7 14003
0sc2[] s 1o osCi[] 8 131q2
vss] e 10[ 1 TOE osczl} 9 128 o
vss] 1o 1] ToE

18 PIN CEBDIPIPDIP/SOIC 20 PIN SSOP/TSSOP

Pin Description

Figure 2 - Pin Connections

Pin #
Name Description
18 | 20
111 IN+ |Non-Inverting Op-Amp (Input).

IN-  jInverting Op-Amp (Input).

GS |Gain Select. Gives access 1o output of front end differential amplifier for connection of
feedback resistor.

[ 4| 4 Vg |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Figure

5 and Figure 8).

5|65 INH  jInhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN {Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pullied down.

0OSC1 |Clock (Input).
0OSC2 [Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 |10 | Vgs |Ground (input). OV typical.

10| 11| TOE |Three Staté Output Enable (Input). Logic high enables the outpuls Q1-Q4. This pin is
pulled up intemnally.

11-112-| Q1-Q4 |[Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14 {1 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15117 | SID |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; retums to logic low when the voltage on SUGT falls
below VTSL

16 | 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17 { 19| SYGT |Steering Inpu¥/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 |20 | Vpp |Positive power supply (Input). +3V typical.

7, NC  |No Connection.
16
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Functional Description

The MT88L70 monolithic DTMF receiver offers small
size, low power consumption and high performance,
with 3 volt operation. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection. Each filter output is
followed by a single order switched capacitor filter
section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators
which are provided with hysteresis to prevent
detection of unwanted low-leve] signals. The outputs
of the comparators provide full rail logic swings at
the frequencies of the incoming DTMF signals.

Decoder Section

Foliowing the Tilter section is a decoder employing
digital counting technigues to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging aigorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations, This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

Betore registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESf causes v, (see Figure 3) to
rise as the capacitor discharges. Provided signal
condition is maintained (ESt remains high) for the

Digit | TOE | INH | ESt Q, Q, Q, Qy

ANY L X H Z Z Z
1 H X H 0 4] 1
2 H X M 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 a (o]
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H, X H 1 0 4] 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
. H X H 1 0 1 1
# H X . H 1 0 o] 0
A H L H 1 0 0 1
B H L H 1 0 1 0
o} H L H 1 1 1 1
D H L H 0 0 0 (o]
A H H L
B H H L undetected, the output code

will remain the same as the

C H H L previous detected code
D H H L

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'‘T CARE

validation period (tgrp), V. reaches the threshold
(V) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the 4-bit output bus by raising the three
state control input (TOE) to a logic high. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerate signal interruptions (dropout) too short 1o
be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants extemally, allows the designer to tailor
performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 3 is applicable. Component
values are chosen according to the formula:
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trec=torttare
fio=tpattcra

The value of tpp is a device parameter (see Figure 7)
and tgpge is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is
recommended for most applications, leaving R to be
selected by the designer.

Voo ‘-[
o C

Voo
SVGT Ve
ESt f——a A —
R
StD -
MTE8L70 tg1a=(RC)IN(Vpp/Vrgy)

tgrp=(RCHInVpp/(Vpp-Vis))

Figure 3 - Basic Steering Circuit

Different steering arrangements may be used to
select independently the guard times for tone
present (tgrp) and tone absent (tgya). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity. Increasing tpge
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Altarnatively, a relatively short tgec with a
long tpo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 4.

Power-down and inhibit Mode

A logic high applied 1o pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode, It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, G, and D. The output
code will remain the same as the previous detected
code (see Table 1).

tore=(RpCy) In Vpg / {Vpp-Yrsy)
tara={R1Cy) In (Vpp / Vigy
Rp = {R}Ry}/ (R, + Ry)

el
Gy

SUGT O

ESt O .
a) decreasing tgrp; (tgTp < tgTa)

sre={R1C1) In [Vpp / (Vpop-Vrsyl
tgTa=(RpCy) In (Vpp / Vrgy)
Rp = {RyRy) / {Ry + Rz)

el
Cy

SvGT ¢

Ry
ESt O b) decreasing tgya;: (tgTe > tg1a)

Figure 4 - Guard Time Adjustment
Differential Input Configuration

The input arrangement of the MT88L70 provides a
differential-input operational amplifier as well as a
bias source {(Vgg) which is used to bias the inputs at
mid-rail. Provision is made for connection of a
feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,

MTB8L70

c, R, IN+

DIFFERNT!AL INPUT AMPLIFIER
C] = Cz =10 nF

Ry = Ry = Ry = 100 k)
Ry = 60 ki), Ry, = 37.5 k(2

All reslstors are + 1% lolerance.
All capacitors are + 5% tolerance.

Ry= RaRg
Rz +Rg
R5
VOLTAGE GAIN (Ay diff) = ==

INPUT IMPEDANCE
2 1\?
(Znore) =2 R+ (E)

Figure 5 - Differential Input Configuration
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Voo
<
otme O—
nput Ay MTasL70 ©
IN+ U Voo 3—0
IN- SYGT [T
GS ESt{ Ry
Ry Viet so{3——0
o Tou— IV (7] R —
Ormem———{ "] PDWN s ———0
05C1 @ ———0O NOTES: 5
wlggoe  af]—o0 Mo
/7(7—01 Vss Toe [1— C1.Co = 100 nF £5%
X-fal = 3.579545 MHz £0.1%

Vop = 3.0V +20% 7 -10%

Figure 6 - Single-Ended Input Configuration

the input pins are connected as shown in Figure 6
with the op-amp connected for unity gain and Vg
biasing the input at 1/2Vyg. Figure 5 shows the
differential  configuration, which pemmits the
adjustment of gain with the feedback resistor Rs,

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
connected as shown in Figure 6 (Single-ended Input
Configuration).

Applications

A single-ended input configuration is shown in Figure
6. For applications with differential signal inputs the
circuit shown in Figure 5 may be used.
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Absolute Maximum Ratingst

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 \
2 | Voltage on any pin Vi Vgs-0.3 Vppt+0.3 \
3 | Current at any pin {other than supply) | 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Po 500 mw

1 Exceeding these values may cause permanent damage. Funclional operation under these conditions is not implied.
Derate above 75 °C at 16 mW / °G.  All leads solderad 1o board.

Recommended Operating Conditions - vottages are with respect to ground {Vgs) unfess otherwise stated.

Parameter Sym Min Typt Max | Units Test Conditions
1 | DC Power Supply Voltage Voo 2.7 3.0 3.6 v
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afe +0.1 %
1 Typica!l figures are at 25°C and are for deslgn aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - v5=3.0v+ 20%/-10%, V55=0V, -40°C < Tq, < +85°C, unless otherwise stated.

Characteristics Sym Min Typt Max Units Test Conditigns
1 | 8 | Standby supply current lopa 1 10 BA | PWDN=Vpg
u
2 | p | Operating supply current ‘oo 2.0 55 mA
P
L | Power consumption Po 6 mwW | {.=3.579545 MHz
Y
4 ngh level input Viy 2.1 \ VDD=3'OV
5 Low level input voltage Vi 0.9 \ Vpp=3.0V
6 \ Input leakage current It 0.05 5 PA  1V)y=VggorVpp
7 | N | Pull up (source) current lso 4 15 pA | TOE (pin 10)=0,
P Vpp=3.0V
u DD~
8 [ T | Pull down (sink) current I 15 40 pA | INH=Vpp, PWDN=Vp,,
s Voo=3.0V
DO
9 Input impedance (IN+, IN-) Rin 10 MQ | @ 1kHz
10 Steering threshold voltage Vig 0.465Vgp v
11 Low level output voitage Voo Vgs+0.03 v No load
12 8 High level output voltage Vou | Voo0.03 V | No ioad
13| ¥ | Output low (sink) current loL 1.5 8 mA | Vour=0.4 V
o} P
14 | u | Output high (source) current | oy 1.0 3.0 mA | Vgour=3.6 V, Vpp=3.6V
L ; i
15| s | Vet OUtput voltage Vaar 0.512Vpg \' No load
16 Vet OUtput resistance Ron 1 k€2
t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
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Operating Characteristics - vp=3.0v+20%/-10%, Veg=0V, 40°C 5 Tg § +65°C, unless otherwisa stated.

Gain Setting Amplifier

Characteristics Sym | Min | Typ* | Max | Units Test Conditions

1 | Input leakage current In 100 NA | VggSVnSVpp

2 | Input resistance Ry 10 MQ

3 | Input offset voltage Vos 25 mV

4 | Power supply rejection PSRR | 50 d8 | 1kHz

5 | Common mode rejection CMRR | 40 dB | Vgs+0.75VViys
Vpp-0.75
biased at Vg =15V

6 | DC open loop voltage gain Ao | 32 dB

7 | Unity gain bandwidth fc 0.30 MHz

8 | Output voltage swing Vo 2.2 Vep | Load2 100 kQ to Vgs @ GS

9 | Maximum capacitive load (GS) C, 100 pF

10 | Resistive load (GS) R, 50 kQ2

11 | Common mode range Veum 1.5 Vpo | No Load

AC Electrical Characteristics - vy 3.0V +20%/10%, Vgm0V, -40°C < To < +85°C,

using Test Clrcuft shown in Fig. 6.

Characteristics Sym Min Typ* Max Units Notes*
1 Valid input signal levels -34 -4.0 dBm 1,2,3,5,6,9
(each tone of composite 15.4 489 | mVpys | Min @ Vpp=3.6V
signal) Max @ Vpp=2.7V
2 Negative twist accept dB 2,3,6,9,12
3 Positive twist accept 8 d8 2,3,6,9,12
4 Frequency deviation accept +1.5% + 2Hz 23,59
5 Frequency deviation reject +3.5% 23,59
6 Third zone tolerance -16 dB 2,3,4,5,9,10
7 Noise tolerance -12 dB 2,3,4,5,7,9,10
8 Dial zone tolerance +22 dB 2,3.4,5,89,1
$ Typical figures are at 25 “C and are for design aid only: not guaranteed and not subject lo production testing.

*NOTES

1. dBm= decibeis above or below a refarence power of 1 mW into a 600 ohm load.

2. Digit sequence consisis of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.

4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.

6. Tone pair is deviated by 21.5%+ 2 Hz.
7. Bandwidth limited (3 kHz } Gaussian nolse.

8. The precise dial tone frequencies are (350 Hz and 440 Hz) =2 %.

9. For an arror rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Ralerenced to the minimum valid accept levei.

12. Guaranteed by design and charactarization.
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AC Electrical Characteristics - v,;5=3.0v+20%/-10%, Vgg=0V, -40°C < To < +85°C, using Test Circult shown In Figure 8.

W o

T e e

Characteristics Sym | Min Typ* | Max | Units Conditions
1 Tone present detect time top 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time toa 05 | 4 8.5 ms |Note 1
3 ,:ﬁ Tone duration accept trec 40 ms {Note 2
4 "‘ Tone duration reject tRec 20 ms |Note 2
5 | S |interdigit pause accept to 40 ms |Note 2
6 Interdigit pause reject tbo 20 ms {Note 2
7 Propagation delay (St to Q) tra 11 ps |TOE=Vgp
8 | o0 |Propagation delay (St to StD) tesip 20 Ps ITOE=Vpp
9 -LrJ Output data sat up (Q to SiD) tasio 5.0 Bs |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tpre 50 ns {load of 10 kL
T 50 pF
11 s Propagation delay (TOE to Q DISABLE)| tprp 130 ns |load of 10 kQ2,
50 pF
12 ; Power-up time teu 30 ms |Note 3
13 V'X Power-down time tep 20 ms
14 Crystal/clock frequency fe |83.5759{3.5795 | 3.5831 | MHz
15 f Clock input rise time touce 110 ns |Ext. clock
16 | O {Clock input fall time teL 110 ns |Ext. clock
17 ﬁ Clock input duty cycle DCqy 40 50 €60 % ]Ext. clock
_153 Capacitive load {OSC2) Cuo 15 pF
$ Typical figures are at 25°C and are for design aki only: not guaranteed and not subject to production tasting.
*NOTES:
12: %ggef’o':s?eu.:a;gigngﬁglgglrzt’igglgru;pao‘s;e:&né);&gg L;?gSl:;tﬁsm'i’he adjustable settings of these minimums and maximums

are recommendations based upon network reguirements.
3. With valid tone presant at input. tpy aquals time from POWN going low untit ESt going high.
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I o |
EVENTS A | 8 | ¢ | E | F | 6
1
>, |- - trec ~ ~lo-> - oo fe-
TONE TONE
TONE #n fn+ 1 o+

tDP-». - | i LN S

[]
Vi L_l
s m I

tGTP-D; L = :" tara

[ S, Vrsi

SYGT Pz P :/I N !
trop! le
t
- loso HIGH IMPEDANCE
Q04 DECODED TONE # (n-1) ]XI #n 2(n+ )
! ]
'ps,o->! L— | |
I 1| !
SiD | ¢
-t :<- - e PIE

TOE 10 r—_

EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.

8) TONE ¢n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS.

C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID
TONE.

D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

E) TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS {CURRENTLY
HIGH IMPEDANCE).

F) ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION {NVALID, QUTPUTS REMAIN LATCHED.

G) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt  EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q,-Q, 4-BIT DECODED TONE OUTPUT.

StD  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE  TONE QUTPUT ENABLE (INPUT}. A LOW LEVEL SHIFTS Q,-Q, TO ITS HIGH IMPEDANCE STATE,

REe  MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

tagc  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

o MINIMUM TIME BETWEEN VALID DTMF SIGNALS.

100 MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

oa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

tatp  GUARD TIME, TONE PRESENT,

tcta  GUARD TIME, TONE ABSENT.

Figure 7 - Timing Diagram
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TDA2030

14W Hi-Fi AUDIO AMPLIFIER

DESCRIPTION

The TDA2030 is a monolithic integrated circuit in
Pentawatt® package, intended for use as a low
frequency class AB amplifier. Typically it provides
14W output power (d = 0.5%) at 14V/4©; at + 14V
or 28V, the guaranteed output power is 12Won a
4® load and 8W on a 8© (DIN45500).

The TDA2030 provides high outputcurrent and has
very low harmonic and cross-over distortion.
Further the device incorporates an original (and
patented) short circuit protection system compris-
ing an arrangement for automatically limiting the
dissipated power so as to keep the working point
of the output transistors within their safe operating

Pentawatt

ORDERING NUMBERS : TDA2030H

area. A conventionalthermal shut-down system is TDA2030V
also included.
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply voltage 1 18 (36) v
Vi Input voltage Vs
A\ Differential input voltage 15 \
ly Output peak current (internally limited) 3.5 A
Piot Power dissipation at Tcase = 90°C 20 w
Tsig. Ty | Stoprage and junction temperature -40 10 150 °C

TYPICAL APPLICATION

June 1998

1712




[ J——

Moy T P g

220

PIN CONNECTION (top view)

| e—— % T/
S oUTPUT
; > .y
*———=" INVERTING INPUT
NON INVERTING INPUT
$-26201
tab connected to pin 3
TESTCIRCUIT
=490V
c'%'- c3|
o
19 WwF ¢
v O—] \ 1N4001

R2
2 %_-c 7
2 1 100 2200F
T

g
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THERMAL DATA
Symbol Parameter Value Unit
Ra1case | Thermal resistance junction-case max 3 ‘C/W

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Vs =+ 14V, Tamp = 25°C unless otherwise
specified) for single Supply referto fig. 15 Vs = 28V

Symbol Parameter Test conditions Min. Typ. Max. Unit
6 +18

Vs Supply voltage 12 36 v
lg Quiescent drain current 40 60 mA
Iy Input bias current 0.2 2 oA

Vi =1 18V (Vs = 36V)

Vos Input offset voltage 2 +20 mV
los Input offset current + 20 +200 nA
Po Output power d=0.5% Gy =30dB

f =40 to 15,000 Hz

RL=4® 12 14 w

R, =8p 8 8 w

d=10% G, =30dB

f=1KHz

R.=4® 18 w

Ry =80 1 w
d Distortion Po=0.110 12W

R = 4@ Gy=30d8

f =40 10 15,000 Hz 0.2 0.5 %

Py =01 to8W

R.= 8@ G,=30dB

t = 40 to0 15,000 Hz 0.1 0.5 %
B Power Bandwidth G, =30dB

(-3dB) P: = 12W AL =40 10 to 140,000 Hz

Ri Input resistance (pin 1) 0.5 5 M@
Gy Voltage gain (open loop) 90 dB
Gy Voltage gain (closed loop) f=1kHz 295 30 305 dB
en Input noise voltage | B=22 Hzto 22 KHz2 3 10 =V
iN Input noise current 80 200 pA

SVR Supply voltage rejection RL=4® Gy=30dB 40 50 dB

Rg =22 k&
Vrippte = 0.5 Ven
fiople = 100 Hz
lg Drain current Py = 14W R = 4® 900 mA
Po= W R, = 8& 500 mA
7] 312
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Figure 1. Output power vs.

supply voltage

Figure 4. Distortion vs.

output power
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Figure 7. Distortion vs.

frequency

412

Figure 2. Output power vs.

supply voltage
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Figure 5. Distortion vs.
output power
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Figure 8. Frequency re-
sponse with different values
of the rolloff capacitor C8
(see fig. 13)

Figure 3. Distortion vs.
output power

Figure 6. Distortion vs.
frequency
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Figure 10. Supply voltage
rejection vs. voltage gain

APPLICATION INFORMATION

Figure 13. Typical amplifier
with split power supply
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Figure 11. Power dissipa-
tion and efficiency vs.output
power
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Figure 12. Maximum power
dissipation vs. supply volt-
age (sine wave operation)
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Figure 14, P.C. board and component layout for
the circuit of fig. 13 (1 : 1 scale)

D235 QR ATT

€5-0088/1

5/12




224

APPLICATION INFORMATION (continued)

Figure 15. Typical amplifier Figure 16. P.C. board and component layout for
with single power supply the circuit of tig. 15 (1 : 1 scale)

Figure 17. Bridge ampilifier configuration with split power supply (Po = 28W, Vs = +14V)

6/12
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PRACTICAL CONSIDERATIONS

Printed circuit board

The layout shown in Fig. 16 should be adopted by
the designers. If different layouts are used, the
ground points of input 1 and input 2 must be well
decoupled from the ground retum of the output in
which a high current flows,

Assembly suggestion
No electrical isolation is needed between the

packageandthe heatsinkwith single supplyvoltage

configuration.

Application suggestions

The recommended values of the components are
those shown on application circuit of fig. 13.
Different values can be used. The following table

can help the designer.

Recomm. Larger than Smaller than
Component value Purpose recommended value recommended value
R1 22k Closed loop gain Increase of gain Decrease of gain (*)
setting
R2 680 Q Closed loop gain Decrease of gain (*) Increase of gain
setting
R3 22 kQ Non inverting input Increase of input Decrease of input
biasing impedance impedance
R4 1Q Frequency stability Danger of osccilat. at
high frequencies
with induct. loads
R5 =3R2 Upper frequency Poor high frequencies Danger of
cutoff attenuation oscillation
C1 1uF Input DC Increase of low
decoupling frequencies cutoff
c2 22 pF Inverting DC increase of low
decoupling frequencies cutoft
C3,C4 0.1 uF Supply voltage Danger of
bypass oscillation
C5,C6 100 uF Supply voltage Danger of
bypass oscillation
Cc7 0.22 yF | Frequency stability Danger of oscillation
cs o1 Upper frequency Smaller bandwidth Larger bandwidth
= 2x BR1 | cutoft
D1, D2 1N4001 To protect the device against output voltage spikes

(*) Closed loop gain must be higher than 24dB

&r

7112
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SINGLE SUPPLY APPLICATION

Recomm. Larger than Smaller than
Component value Purpose recommended value recommended value
R1 150 kQ Closed loop gain Increase of gain Decrease of gain (*)
setting
R2 4.7kQ Closed loop gain Decrease of gain (*) Increase of gain
setting
R3 100 kQ2 Non inverting input Increase of input Decrease of input
biasing impedance impedance
R4 10 Frequency stability Danger of osceilat. at
high frequenclas
with induct. loads
Ra/Rs 100 kQ Non inverting input Biasing Power Consumption
Ct 1uF lInput DC Increase of low
decoupling frequencies cutoff
c2 22 uF laverting DC Increase of low
decoupling frequencies cutoff
o) 0.1 yF Supply voltage ‘| Danger of
bypass oscillation
C5 100 pF Supply voltage Danger of
bypass oscillation
c7 0.22 uF Frequency stability Danger of oscillation
Cc8 = 1 Upper frequency Smaller bandwidth Larger bandwidth
2n BR1 | cutolf
D1, D2 1N4001 Toprotect the device against output voltage spikes

(") Closed loop gain must be higher than 24dB

812
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SHORT CIRCUIT PROTECTION

The TDA2030 has an original circuit which limits the
current of the output transistors. Fig. 18 showsthat
the maximum output current is a function of the
collector emitter voltage; hence the output transis-
tors work within their safe operating area (Fig. 2).
This functioncan therefore be consideredas being

Figure 18, Maximum
output current vs.
voltage [Vcesat] across
each output transistor
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THERMAL SHUT-DOWN

The presence of a therma! limiting circuit offersthe

following advantages:

1. An overioad on the output (even if it is perma-
nent), or an abovelimit ambienttemperaturecan
be easily supported since the T; cannot be
higher than 150°C.

2. The heatsink can have a smaller factor of safety
compared with that of a conventional circuit.
Thereis no possibility of device damage due to
high junction temperature.If for any reason, the

q

peak power limiting rather than simple current lim-
iting.

It reduces the possibility that the device gets dam-
aged during an accidental short circuit from AC
output to ground.

Figure 19. Sate operating area and
collector characteristics of the
protected power transistor

t
Te tePyoy 1k
\

le maxn ‘\

Second dreaktown
ared

junctiontemperature increases up to 150°C, the
thermal shut-down simply reduces the power
dissipation at the current consumption.

The maximum allowable power dissipation de-
pends upon the size of the external heatsink (i.e. its
thermal resistance); fig. 22 shows this dissipable
power as a function of ambient temperature for
differentthermal resistance.

9/12
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Figure 20. Output power and
drain current vs. case
temperature (RL = 4Q)
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Figure 23, Example of heat-sink
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Figure 21, Output power and Figure 22. Maximum

drain current vs. case allowable power dissipation
temperature (RL = 8Q) vs. ambient temperature
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Dimension : suggestion.

The following table shows the length that
the heatsinkin fig.23 musthave for several
values of Piot and R,

Ptot (W) 12 81| 86

Length of heatsink
(mm) 60 | 40 | 30

Rth of heatsink

(5 CW) 42 | 62 | 83

q
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PENTAWATT PACKAGE MECHANICAL DATA

DIM mm Inch
) MIN. TYP. MAX. MIN. TYP. MAX.
A 4.8 0.189
[¢] 1.37 0.054
D 2.4 2.8 0.094 0.110
D1 1.2 1.35 0.047 0.053
E 0.35 0.55 0.014 0.022
E1 0.76 1.19 0.030 0.047
F 0.8 1.05 0.031 0.041
F1 1 1.4 0.039 0.055
G 3.2 34 3.6 0.126 0.134 0.142
G 6.6 6.8 7 0.260 0.268 0.276
H2 10.4 0.409
H3 10.05 10.4 0.396 0.409
L 17.55 17.85 18.15 0.691 0.703 0.715
L1 15.55 15.75 15.95 0.612 0.620 0.628
L2 21,2 21.4 21.6 0.831 0,843 0.850
L3 22,3 225 22.7 0.878 0.886 0.894
L4 1.29 0.051
L5 26 3 0.102 0.118
L6 15.1 15.8 0.594 0.622
L7 6 6.8 0.236 0.260
L9 0.2 0.008
M 4,23 45 4,75 0.167 0.177 0.187 .
M1 3.75 4 4.25 0.148 0,157 0.167
V4 40° {typ.)
Dia 3.65 | 3s8s | 0144 1 o152
L
L v3
E VA
v LB\n v / l -
A A
A I~
Bl ¢l I o ? M
orf @ V4
L H2
.
— ST
H3| H1 r\
Dia.
T [ F
\7 H2
L8
RESIN BETWEEN
LEADS
57 112
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2803 THRU
2824

Owg. No. A-10,322A4

Note that the ULx28xxA series (dual in-line
package) and ULx28xxLW series (small-
outline IC package) are electrically identical
and share a commeon (¢rminal number assign-
ment.

ABSOLUTE MAXIMUM RATINGS
Output Valtage, Veg
(x2803% and x2804K) coeeerrreennvrenaan S0V
(x2823x and X2824%) «ccccvuevrrenenrranae 95V
{nput Voltage, Vix wuvvrseinensrvncevensen 30V

Continuous Output Current, I .... 500 mA
Continuous Input Current, Iy ... 25mA
Power Dissipation, Py,
(one Darlington pair) .....ccececeinene Low
(total package) ......ccceecueennen- See Graph

Operating Temnperature Range, Ty
Prefix ‘ULN" .............. -20°C 10 +85°C

Prefix ‘ULQ' ... ~40°C to +85°C
Storage Temperature Range,
TS e errersrsssrnssssasasssense -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Featuring continuous load current ratings to 500 mA for each of
the drivers, the Series ULN28xxA/LW and ULQ28xxA/LW high-
voltage, high-current Darlington arrays are ideaily suited for interfac-
ing between low-level logic circuitry and multiple peripheral power
loads. Typical power loads totaling over 260 W (350 mA x 8, 95 V)
can be controlled at an appropriate duty cycle depending on ambient
temperature and number of drivers turned ON simultaneously. Typical
loads include relays, solenoids, stepping motors, magnetic print ham-
mers, multiplexed LED and incandescent displays, and heaters. All
devices feature open-coliector outputs with integral clamp diodes.

The ULx2803A, ULx2803LW, ULx2823A, and ULN2823LW
have series input resistors selected for operation directly with 5V TTL
or CMOS. These devices will handle numerous interface needs —-
particularly those beyond the capabilities of standard logic buffers.

The ULx2804A, ULx2804LW, ULx2824A, and ULN2824LW
have series input resistors for operation directly from6 Vio 15V
CMOS or PMOS logic outputs.

The ULx2803A/L'W and ULx2804A/LW are the standard
Darlington arrays. The outputs are capable of sinking 500 mA and will
withstand at Jeast 50 V in the OFF state. Outputs may be paralleled for
higher load current capability. The ULx2823A/LW and ULx2824A/
LW will withstand 95 V in the OFF state.

These Darlington arrays are furnished in 18-pin dual in-line
plastic packages (suffix ‘A") or 18-lead small-outline plastic packages
(suffix "LW*). All devices are pinned with outputs opposite inputs to
facilitate ease of circuit board layout. Prefix ‘ULN’ devices are rated
for operation over the temperature range of -20°C to +85°C:; prefix
‘ULQ’ devices are rated for operation to -40°C.

FEATURES

TTL, DTL, PMOS, or CMOS Compatible Inputs

Output Current to 500 mA

Qutput Voltage to 95 V

Transient-Protected Outputs

Dual In-Line Package or Wide-Body Small-Outline Package

x = Character to identify specific device. Characteristic shown applies to family
of devices with remaining digits as shown. See matrix on next page.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
Veemaxy 50V 95V
logang 500 mA 500 mA
Loglc Part Number
5v ULN2803A ULN2B23A*
TTL, CMOS ULN2803LW* ULN2823LW
6-15V ULN2B04A* ULN2824A°
CMOS, PMOS ULN2804LW* ULN2824LW
* Also available for operation between -40°C and +85°C. To order, change
prefix from ‘ULN’ to ‘ULQ".
PARTIAL SCHEMATICS

ULx28x3A/LW (Each Driver)

—PH—o COM

Dwg. No. A-6651

ULx28x4A/LW (Each Driver)

25

AN

20 \UFFIX AL Ry « 6PCW

AN

AN

ANIAN

1.0

a

\\
SUFFIX1W, R w B0 &

0.5

N

25

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

50 75 100

125 150

AMBIENT TEMPERATURE IN °C

Dwg. 690188

x = Character to identify specific device. Specification shown applies to
family of devices with remaining digits as shown, Sec matrix above,
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2803 tHrRU 2824

HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULx2803A, ULx2803LW, ULx2804A, and ULx2804LW

ELECTRICAL CHARACTERISTICS at +25°C {unless otherwise noted).

. | Test | Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current| icex 1A Al Ve =50V, Ty =25'C — <1 50 m
Ve =50V, Ta=70°C — <1 100] mA
1B ULx2804x | Vep =50V, To=70°C,Viy=1.0M] — <5 500} nA
Coflector-Emitter VCE(SAT) 2 All Ic =100 mA, Ig = 250 nA — 0.9 1.1 v
Saturation Voltage I =200 mA, Ig = 350 mA — 11 13| v
lc = 350 mA, Ig = 500 mA — 13 1.6 \
input Curent (o) 3 ULx2803x | Viy=3.85V — 0983 1.35{ mA
ULx2804x | Viy=5.0V — 035 05| mA
V=12V — 1.0 145| mA
norry | 4 Al ic =500 mA, Ta = 70°C sa 65 — | m
Input Vohage Vinon ULx2803x | Vg = 2.0V, o= 200 mA — = 241 v
Ve = 2.0V, Ig = 250 mA - = 21f v
Vee = 2.0V, I = 300 mA - o~ 30} V
ULx2804x | Ve =2.0V,lc =125 mA - — 50| v
Veg = 2.0V, i¢ = 200 mA - — 60 \
Vee =20V, I = 275 mA — e 70| WV
Veg = 2.0V, I = 350 mA — — 80| vV
Input Capacitance Cin — Al ' — 15 25 ] pF
Tum-On Delay toLH 8 All 0.5 Ept0 0.5 Eqyr — 025 1.0 s
Tum-Off Delay L 8 All 0.5 Ent0 0.5 Eqyy — 025 1.0 ms
Clamp Diode R 6 All VR=50V, Ty =25°C — i 50 A
Leakage Current VR =50V, To = 70°C — — 100 A
Clamp Diode Vg 7 All I =350 mA — 1.7 20 \
Forward Voltage

Complete part number includes prefix to operating temperature range: ULN = -20°C to +85°C. ULQ =-40°C to +85°C

and a suftix to identify package'style: A = DIP, LW = $SOIC.
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2803 THRU 2824

HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULx2823A, ULN2823LW, ULx2824A, and ULN2824LW

ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Teost Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current| lcex 1A All Vee 295V, Ta=25C - < 50 A
Vee =95V, Tpo=70'C — <1 100 m
18 ULx2824x | Veg =95V, TA=70°C,ViN =10V — <5 500 mA
Collector-Emitter Vee(san 2 Al Ig = 100 mA, Ig = 250 nA - 09 141 \
Saturation Voitage le = 200 mA, lg = 350 mA — 11 13V
Ic =350 mA, Ig = 500 nA — 13 186 \'
Input Current hnioNy 3 ULx2823x ViN=3.85V — 093 135 mA
ULx2824x | Vjy=5.0V — 035 05 mA
ViN=12V - 1.0 145 mA
IN(OFF) 4 All lg =500 mA, Tpo=70°C 50 65 - m
Input Voltage VIN©ON) 5 ULx2823x Veg =20V, =200 mA —_— —_ 24 v
Vee =20V, Ig = 250 mA - — 27 ¥
Ve =20V, lc =300 mA — — 30 V
ULx2824x | Ve =20V, lc=125mA - —~ 50 V
Vce = 2.0V, ic= 200 mA - - 6.0 \'
Vee=20V,lc=275mA — — 7.0 \'
Veg =2.0V, g =350 mA - - 8.0 v
Input Capacitance Cin — Al — 15 25 pF
Tum-On Delay tot 8 All 0.5 Epnt0 0.5 Equt — 025 1.0 ms
Tum-Off Delay tonL 8 Al 0.5Ep 10 0.5 Egyr — 025 10 s
Clamp Diode IR [ All VR=95V, TA=25C — - 50 mA
Leakage Current VR=95V, T4 = 70°C _ — 100 A
Clamp Diode Vg 7 All g = 350 mA _— 1.7 2.0 \
Forward Voltage

Complete part number includes prefix to operating temperature range: ULN =-20°C to +85°C, ULQ = -40°C t0 +85°C
and a suffix to identify package style: A = DIP, LW = SOIC. Note that the ULQ2823LW and UL.Q2824L W arc not presently

available.
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2803 tTHrRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
TEST FIGURES
FIGURE 1A FIGURE 1B FIGURE 2
opPEN feex
h Dwg. No. A-6729A Duwg. No. A-9730A
FIGURE 3 FIGURE 4 FIGURE 5

OPEN

Dwg. No. AOTIZA
FIGURE 6
VR
R
OPEN DC
Dwg. No, A-9735a

)

i
Vin
Vee YT o
- N Owg. No., ASTIIA T = owg. Mo A4734A
FIGURE 7 FIGURE 8

®"

v

Ve

Dwg. No. AD738A  ULGEAx 38V R ' 0ew
Ula2tedx 12V g » 0 an
DC = $K xrw "

T 38 pF
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
ALLOWABLE COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE
ULx28xxA
600
. VAR < 24
3 57 RN WU S b NGO \\ 3 ~
2 NN W%
z \ ; 8 ‘\i\
& =
2 AR
S 200 - P —
o NUMBER OF OUTPUT! ]
=3 CONDUCTING
g SIMULTANEOUSLY [ Ta= 506 |
o =
o
0 20 40 60 80 100
DUTY CYCLE IN PER CENT
Owy GPOTOR
600
In] \ \ \ ™2 N
: - \\\\QE\ 1
\ ‘\
: NN =1
H 70N TN
: AT
3 20 e S S
S [ e B
% SIMULTANEOUSLY f R:;: Eoénz::cm 1
0
0 20 40 60 80 100
DUTY CYCLE IN PER CENT
Dug 0PG50

OUTPUT CURRENT IN mAZCHANNEL

OUTPUT CURRENT IN mA/CHANNEL

400 \

3
“

ALLOWABLE COLLECTOR CURRENT

AS A FUNCTION OF DUTY CYCLE
ULx28xxLW

\ N

“J

N
N
N

NN
N

N\
N
N
N
NE

N
AN
N
N S ~~—
PN

S

NUMBER OF OUTPUT:
CONDUCTING,
| SIMULTANEOUSLY

0 20 40 60
DUTY CYCLE INPER CENT

NUMBER OF OUTPUTS

T
| SIMULTANEOUSLY [ Ta = 470 1

Y 20 40 60 80
DUTY CYCLE IN PER CENT

x = Characters to identify specific device. Specification shown applies to family of devices with remaining digits as shown,
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
INPUT CURRENT AS A SATURATION VOLTAGE AS A FUNCTION OF
FUNCTION OF INPUT VOLTAGE COLLECTOR CURRENT
ULx2Bx3x
28 / 600
./
yd (Ve
20 o / /
&
1 y/i"y/ ] E 400 A
E 15 7 /"" £ /é’
P &
§ / /{ ,//d é @
§ 10 v / 2 g /
3 LT g 7 f
32 / / ,;-"'\H 3 /
05 N AREA OF NORMAL CPERATION ©
WITH STANDARD OR SCHOTTKY TTL /
I ] /
o o
20 a0 40 50 €0 0 05 15 20
INPUT VOLTAGE COLLECTOR-EMITTER SATURAT!ON VOLTAGE
O GPON Dep GO
COLLECTOR CURRENT AS A
ULx28x4x FUNCTION OF INPUT CURRENT
20 800 /
va
15
-z > — g - ,/ //
€ =
: ] : y4 .
z : > - a
g L ‘J/.‘—-'""-’. g / /e"(
5 L] bR G 200 ¥, “°
| o -
g as A 3 ) /// /4
7/ /
o /S
5 s 7 ® 5 w0 1 2 s 200 prs 500
INPUT VOLTAGE INPUT CURRENT IN mA

x = Characters to identify specific device. Characteristic shown applies to family of devices with remaining digits as shown.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PACKAGE DESIGNATOR “A” DIMENSIONS
Dimensions in inches
(controlling dimensions)

18 10
e I O O O O i O WO O

0.280

0.2140 -I

1 9
L.L0.0TO __IOJOOL_ l__,__0,00S
a5C MIN

g MA-LOY-18AIn

Dimensions in Millimeters
(for reference only)

18 10
e T O e O s O O O i A O

E
i
[
i
t
il
al
il

9
J 2541 L_ 013
BSC MIN

-

[

o~
'

23.37
2235
i
533 =
MAX
gal L
1
0.39 3.81
MIN 293
1
_,! L_o558
0.356 D WO 10A v

NOTES: 1. Exact body and icad configuration at vendor’s option within limits shown.
2. Lead spacing tolerance is non-cumulative.
3. Lead thickness is measured at seating plane or below.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
PACKAGE DESIGNATOR “LW” DIMENSIONS
Dimensions in Inches
(for reference only)

_fpanpand TR

0.2992 0.419

0.2914 0.394

o0
ﬁ

N EEEEELE |
R IR - L

0vo 87

S D

O 0040 s Dy MAZBABAR

Dimensions in Millimeters
{controlling dimensions)

 AAAAAAR T8

—_

10.65
10.00

~~
83

[« 373
&

I[_
i

TEE 00 Y
'1“2 3 11.75 —'I !‘“‘tég ormsg_h,

11.35

1

oo
8L

z%@ﬂﬂﬁﬁggﬁ

0 10 MIN. Dy WAG-1RA mmn

NOTES: 1. Exact body and lead configuration at vendor's option within limits shown.
2. Lead spacing tolerance is non-cumulative.
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TELEPHONY SESTEMS TUTOR

gannguanyTnsiny ugeflndaldlumssassnismanuvesszuuguay Tnsdn
aunseadndganaInsdwyd uazdidyenaldlasmugumsaadenisludisszuy  Auto
Matrix Exchange uazansonagoudayanaluusasyamsthaniiganadoudaaio (Test
Point; TP) Feeguumniinaesussysin

yoflnuensTnsined Usznoudan 7 dau fedl

1) Line Circuit

2) Digit Receivers

3) Switch Matrix

4) Control Interface

5) Tone Generator

6) Power Supply

7) Sotfware Disk

1. Line Circuit

1.1) duiszneumuuy Uszneuaiy

CONNECTOR . udoudoudehiunioaInsine 8 niee udas
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