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ABSTRACT

The thesis presents the audio frequency characteristics analyzer which is designed
and developed for examination the audio frequency circuits and filter circuits.The project can
be divided into two parts ; hardware and software. Hardware composes of analog to digital
converter, digital to analog converter, oscillator, true RMS meter and impedance examiner.
The Microcomputer is used to control the operation of hardware. Function of this project is
to send data signal to computer by through serial port for plotting the pattern of signal on

monitor and printer. Each pattern can be recorded on disk.
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2.5 malvnuledulasdyananues An7521

2.5.1 nasaniiaves lediues AD7521

1. anuazdeagaga 12 Tn w30 (il 2'2= 4096 sedu

2. SamuihuFadudi 8, o uaz 10 Ga

3. mqaudonaenudlszina 20 faaad

4. annsormuatasnanszuald dud 50 1 TuAnd 81 0.05 Wesiudves
Waainaisud (Full Scale Range : FSR)

5. 19undaselddaud +5 Taad 80 +15 Trad

6. HszyuilesiuIiihaindmeduatasaduya

7. ﬁﬂ’J‘lmﬁU\mNﬁ aﬁ"mmﬁuvmﬁtﬂu Diode-Transistor-Logic (DTL),
Transistor-Transistor-Logic (TTL) 182 Complementary Metal Oxide Semiconductor for
Logic (CMOS)
2.5.2 NYUMIMIY

Todwes Ap7521 iluleFurlasdygradlneaiiudyganeuzasn uwuniqu
dyne Tadosammsthaniiqe wseneludusiuidudadnm fideuuy R2R
waawesitianesn uazldusamariia N (\Mos) Huluaiadiiuu DPDT (Double Pole
Double Throw) n3efisaieni1 2 42 2 ma Fudhdnuuzinanguvesisesaou
nofinesiall dnumemssavives AD7521 uanslugilfi 2.8 davgmauiine i

Y89 AD7521 Haaana lumsan 2.1

~ R

Ioull E g Rfeedback
out2 Vref
GND [g] 14 Voot
BIT,(MSB) [ i BIT , (LSB)

BIT, [ AD7521 {4 BIT

BIT, [e] 13 BIT .

BIT, [z 12 BIT,
BITS,E ¥ BIT8

BIT, 2] d BIT,

g1 2.8 msdavvesleFiues AD7s21
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m519h 2.1 uautiama WihvedleFiues AD7521

PARAMETER AD7520 AD7521 UNITS LIMIT TEST CONDITIONS FIG.
(AD7530) (AD7531)

DC ACCURACY (Note 1) 10 12 Bits

Resolution

Nonfinearity 0.2 (8-Bit) % of FSR Max S, T, U: Over -55°C to +125°C I
0.1 (9-Bit) % of FSR Max 1
0.05 (10-Bit) % of FSR Max A0V S VpgeS+10V 1

Nonlinearity Tempco 2 PPM of FSRPC Max

Gain Error (Note 2) 0.3 % of FSR Typ A0V S VpgpS+10V

Gain Error Tempco (Note 2) 10 PPM of FSR°C Max

Qutput Leakage Current 200 nA Max Over the specified temperature range

(either output) (300)

Power Supply Reflection 0,005 % of FSR/ % Typ 2

AC ACCURACY 500 nS Typ To 0.05% of FSR (All digital inputs low | 6

Output Current Setting Time to high and high to low)

Feedthrough Error 10 mVpp Max Viger =20 Vpp, 100 KHz 5

(50 KHz) All digital inputs low

REFERENCE INPUT SK Max

Input Resistance (Note 3) 10K Q Max All digital inputs high Iyt at ground
20K Max

ANALOG OUTPUT See absolute max. ratings

Voltage Compliance

(both outputs)

Output Capasitance Iowm 120 pF Typ All digita! inputs high 4
Tovrz 37 pF Typ
lours 37 pF Typ All digita! inputs low 4
loyrz 120 PF Typ

Output Noise Equivalent to 10KQ Typ 3

(both outputs) Johnson Noise

DIGITAL INPUTS 08 v Max 1

Low State Threshold

High State Threshold 24 \Y Min Over the speccified temp range

Input Current 1 HA Typ

(low to high state)

Input Coding Binary / Offiet Binary See Table 182 on pages 4 and 5

POWER REQUIREMENTS +5to+15 v

Power Supply Voltage Range

DD 5 nA Typ All digital inputs at GND
2 mA Max All digital inputs high or low

Total Power Dissipation 20 mW Typ

(Including the ladder)
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mM39f 2.2 Anyazmsulasdygradlreaiudyanaousacn

Digital Input Analog Output
1111111111 - Vier (122°7)
1000000001 - Viee (12+277)
1000000000 ~ Vi 12
0111111111 = Vies (172-27")
0000000001 - Ver 277)
0000000000 0
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A
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Ty eULaDN

gunsal Biin fi1/ 105 $1u
IC, ~DtoA AD7521 1
IC, Op-Amp LF353 1
VR, Trimpot 100 kQ 1
R, Carbon 200 Q 1

M3 A2 5wmsqﬂnsm'mamwsf‘iuﬁﬂmmﬁﬂmﬂuﬁwusqﬁu

gunsol ¥iin i/ 1wos $1ua
IC, Oscillator XR-2206 1
IC, Op-Amp CA3140E 1
VR, . Trimpot 25 kQ 1
VR, Trimpot 10 k2 1
VR; Trimpot 50 kQ 1
VR4 Trimpot 100 kQ 1
R;, Ry, R3, Ry Carbon 1 MQ 4
Rs, Ry Carbon 10 kQ 2
Rg Carbon 10 kQ 1
Ry Carbon 180 Q 1
Ci WIMA 470 pF 1
Cx - WIMA 0.1 uF 1
Cx, WIMA 0.01 uF 1
Cxs3 Electrolytic 10 pF/16V 1
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IC, RMS Converter ADG636JH 1
VR, Trimpot 100 kQ 1

Ri, R, Carbon 1 MQ 2
R, Carbon 100 kQ 1
R; Carbon 10 kQ 1
R4 . Carbon 1kQ 1
Rs Carbon 110 Q 1
R¢ Carbon 47 kQ 1
Rsg Carbon 18 kQ2 1
Ry Carbon 4.7kQ 1
Rio Carbon 470 kQ 1
Ry Carbon 150 Q 1
C Trimmer 10 pF 1
C, Trimmer 100 pF 1
G; _Ceramic 33 pF 1
Cs WIMA 0.001 uF 1
Cs WIMA 0.01 uF 1
Cs WIMA 0.22 WF/250V 1
C, WIMA 0.1 uF 1
Cs Electrolytic 47 uF/16V 1

Co, Cro Electrolytic 4.7 uF/16V 2

Dy, D, Diode IN4148 2

LED, Light Emitting Diode Red 1
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ginsal ¥ila CAVATGEH 1
IC,, IC,, IC;, IC, Potentiometer DS1669-50 4
RY;-RY; Relay 12V 5
TR;-TR; Transistor 28C458 5

maadi a.5 T8MIgUnsalvenTumaInIsma 1w

gunsal ¥iin i/ wes $1u2u
IC, Regulator 7815T 1
IC, Regulator 7915T 1
IC;, ICy Regulator 7812T 2
1C, Regulator 7912T 1
1C; Regulator 7809T 1
ICs Regulator 7909T 1
1C; Regulator 7808T 1
) (@ Regulator 7908T 1
1C, Regulator 7805T 1
C;-Cy WIMA 0.1 uF 23
Cas, Cos l;llectrolytic 4700 UWF/50V 2
Cy Electrolytic 4700 WF/25V 1
Cy Electrolytic 10 pF/50V 1
Cag, Cyo Electrolytic 1 uF/S0V 2
BD,, BD, Bridge-Diode 100 V/5A 2
TR, Transistor TIP2955 1
T, Transformer Sec 18-0-18, 12-0 /3A 1
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VR, Trimpot 100 kQ 1
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Tsunsalulnsneufiunes

Dim Data(1024) As Integer

Dim j As Integer

Dim Initial As Integer

Dim Average(256) As Integer
Dim CountNum As Integer

Dim PlotAverage As Integer

Dim Typ, Freq, Channel As String
Dim mystr As String

Dim IMPD As String

EERRRRRRXEXEEXREERERRERRERRERERR R RRERRER KRR KRR

" Header File
EEREEEEEREERERR R KA KRR KRR KRR R RN R R R R R AR
Dim TradmarkN As String

Dim ModeIN As String

Dim DateN As String

Dim TimeN As String

Dim InputImpedance As String
Dim Qutputlmpedance As String
Dim Distortion As String

Dim FreqOfSelect As String
Dim TypeOfSelect As String
Dim ChannelOfSelect As String
Dim TypeOfGraph As String
Dim Mul As Integer

TR REkEREk Rk kEE ok

" Impedance Scale

Private Sub PlotScale2(Mode As Integer)
Dim DataScale As Integer
Dim P As Integer
DataScale =0
Picturel.Line (1000, 800)-(1000, 5096) 'Line Y
Picturel.Line (1000, 5096)-(8500, S096) 'Line X ~
'Plot Y Plan
DataScale = 128
For i = 1000 To 5096 - ((5096 - 1000}/ 8) Step (5096 - 1000) / 8
Picturel.Line (900, i)-(1000, i), RGB(255, 255, 128)
Picturel .Line (1000, i)-(8168, i), QBColor(3)
Picturel.Line (500, i - 100)-(500, i - 100)
Picture].Print DataScale
DataScale = DataScale - 16
Next i
Label13.Caption = "Amplitude (mVrms)"
'Plot X Plan
DataScale = 18
For i = 1000 + Int(7168 / 10) To 8168 Step Int(7168 / 10)
Picturel .Line (i, 5096)-(i, 5196), QBColor(14)
Picturel.Line (i, 1000)-(i, 5096), QBColor(3)
Picturel.Line (i - 180, 5196)-(i - 180, 5196)
Picturel.Print DataScale
DataScale = DataScale + 18
Next i
Label}4.Caption = "Impedance”
label20.Caption = "(kOhm)"
End Sub

Private Sub PlotScale(Mode As Integer)

Dim DataScale As Integer

Dim P As Integer
DataScale =0
Picturel .Line (1000, 800)-(1000, 5096), RGB(255, 180, 0) 'Line Y
Picturel .Line (1000, 5096)-(8500, 5096), RGB(255, 180, 0) 'Line X

* Plot Scale Y
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If Option2.Value = True Then
'Plot Log
If Listl. Text = "Filter" Then
DataScale = 50
P=1

For i = 1000 To 5096 - Int((5096 - 1000} / 20) Step Int((5096 - 1000) / 10)
Picturel.Line (850, i)-(1000, i)

Picturel.Line (1000, i)-(8168, i), QBColor(3)

Picturel.Line (500, i - 100)-(500, i - 100)

Picturel .Print DataScale

DataScale = DataScale - 10

Next i

Label13.Caption = "Decibel (dB)"

Else

DataScale = 50

For i = 1000 To 5096 - Int((5096 - 1000) / 20) Step Int((5096 - 1000) / 6)
Picturel.Line (850, i)-(1000, i)
Picturel.Line (1000, i)-(8168, i), QBColor(3)
Picturel.Line (500, i - 100)-(500, i - 100)
Picturel.Print DataScale
DataScale = DataScale - 10

Next i

Label13.Caption = "Decibel (dB)"

End If

Else
'Plot Linear
If List1.Text = "Filter" Then
DataScale = 128
For i = 1000 To 5096 - ((5096 - 1000) / 8) Step (5096 - 1000) / 8
Picturel.Line (900, i)-(1000, i)
Picturel.Line (1000, i)-(8168, i), QBColor(3)
Picturel.Line (500, i - 100)-(500, i - 100)
Picturel .Print DataScale
DataScale = DataScale - 16
Next i
Label13.Caption = "Amplitude (mVrms)"
Label22.Caption = "mVrms"
Else
DataScale = 20
For i = 1000 To 5096 - Int((5096 - 1000) / 20} Step Int((5096 - 1000) / 10)
Picturel.Line (900, i)-(1000, i)
Picturel.Line (1000, i)-(8168, i), QBColor(3)
Picturel.Line (500, i - 100)-(500, i - 100)
Picturel.Print DataScale
DataScale = DataScale - 2
Next i
Label13.Caption = "Amplitude (Vrms)"
Label22.Caption = "Vrms"
End If
End if

"*  Plot Scale X

If List2. Text = "High" Then
DataScale = 10
For i = 1000 + Int(7168 / 12) To 8168 Step Int(7168/ 12)
Picturel.Line (i, 5096)-(i, 5196)
Picturel.Line (i, 1000)-(i, 5096), QBColor(3)
Picturel .Line (i - 180, 5196)-(i - 180, 5196)
Picturel.Print DataScale
DataScale = DataScale + 10
Next i
labe!20.Caption = "(kHz)"
Elself List2.Text = "Low" Then
DataScale = 10
For i = 1000 + Int(7168 / 12) To 8168 Step Int(7168 / 12)



Picturel.Line (i, 5096)-(i, 5196)
Picturel.Line (i, 1000)-(i, 5096), QBColor(3)
Picturel.Line (i - 180, 5196)-(i - 180, 5196)
Picturel.Print DataScale
DataScale = DataScale + 10
Next i
label20.Caption = "(Hz)"

Else
DataScale = 1
For i = 1000 + Int(7168 / 12) To 8168 Step Int(7168 / 12)
Picturel.Line (i, 5096)-(i, 5196)
Picturel.Line (i, 1000)-(i, 5096), QBColor(3)
Picturel.Line (i - 120, 5196)-(i - 120, 5196)
Picturel.Print DataScale
DataScale = DataScale + 1
Next i
label20.Caption = "(kHz)"

End If

End Sub

Private Sub Commandi_Click()
Picturel.Cls
PlotScale (1)
Command].Enabled = False
Command2.Enabled = True
Command3.Enabled = True
List1.Enabled = True
List2.Enabled = True
List3.Enabled = True
SSPanel4.Enabled = True
SSPanel5.Enabled = True
SSPanel6.Enabled = True
Textl.Enabled = True
Text2.Enabled = True
Option1.Enabled = True
Optionl.Refresh
Option2.Enabled = False
Mul3.Enabled = False
Mul4 Enabled = False
Mu22.Enabled = False
Mu23.Enabled = False
Mu24 Enabled = False
Mul6.Enabled = False
SSPanell].Caption = "Warming"
Timer2.Enabled = False
Timer4.Enabled = False
' MSComm1.PortOpen = False
' MSComm1.PortOpen = True
Textl.Text =""
Text2.Text=""
SSPanell.Caption = ""
SSPanel2.Caption = ""
SSPanel3.Caption = "*
SSPanel4.Caption = "
SSPanel5.Caption = ""
SSPanel6.Caption = "*
End Sub

Private Sub Command2_Click()
Dim OutSelect As String
MSComm1.PortOpen = True
Command1.Enabled = True
Command?2.Enabled = False
Command3.Enabled = False

If List].Text = "Amplifier" Then
Typ="A"

TypeOfSelect = 1

Elself List1.Text = "Filter" Then



Typ="F"
TypeOfSelect =2
End If

If List2. Text = "High" Then

Freq = IIH"

FreqOfSelect = 1

Elself List2.Text = "Middle" Then
Freq = "M"

FreqOfSelect = 2

Elself List2.Text = "Low" Then
Freq ="L"

FreqOfSelect = 3

End If

If List3.Text = "Left" Then
Channel = "L"
ChannelOfSelect = 1

Elself List3.Text = "Right" Then
Channel = "R"
ChannelOfSelect = 2

End If

OutSelect = "T" + Channel + Typ + Freq
j=1

Initial = 1000

Picturel.Line (1000, 5096)-(1000, 5096)
CountNum = |

PlotAverage = 16
MSComm1.Output = OutSelect
Timer2.Enabled = True
Command1.Enabled = True
Command]1.SetFocus
Command2.Enabled = False
Option2.Enabled = False
Option].Enabled = False
List1.Enabled = False
List2.Enabled = False
List3.Enabled = False
Picturel.Cls

PlotScale (1)
SSPanell1.Caption = "Busy"

If Command].Visible = True Then
Command2.Enabled = True
List]1.Enabled = True
List2.Enabled = True
List3.Enabled = True
Optionl.Enabled = True
Option2.Enabled = False

' Picturel.Cls 'surasak

' Listl.Enabled = True 'surasak
' List2.Enabled = True 'surasak
' List3.Enabled = True 'surasak

Exit Sub

End If

End Sub

Private Sub Command3_Click()
MSComm1.PortOpen = True
MSComm1.Output = "C"
SSPanell1.Caption = "Wait To Connect"
Timer3.Enabled = True

End Sub

Private Sub Form_Activate()
PlotScale (1)

j=1

Initial = 1000
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Picturel.Line (1000, 5096)-(1000, 5096)
CountNum =1
PlotAverage = 16
Option2.Enabled = False
Mul3.Enabled = False
Mul4.Enabled = False
Mul6.Enabled = False
Mu22.Enabled = False
Mu23.Enabled = False
Mu24.Enabled = False
Timerl.Enabled = True
End Sub

Private Sub Form_Load()
Listl.AddItem "Amplifier"
Listl.AddItem "Filter"
List2.AddItem "High"
List2.AddItem "Middle"
List2.AddItem "Low"
List3.AddItem "Left"
List3.AddItem "Right"
‘Logo_Title.Show
End Sub

Private Sub Listl_Click()
Picturel.Cls

PlotScale (1)

End Sub

Private Sub List2_Click()
Picturel.Cls

PlotScale (1)

End Sub

Private Sub Mull_Click()
Option1.Enabled = True
Option2.Enabled = False
Mul3.Enabled = False
Mul4.Enabled = True
Mul6.Enabled = False
Mu22.Enabled = True
Mu23.Enabled = True
Mu24 Enabled = False
Textl.Visible = True
Textl.Visible = True
End Sub

Private Sub Mul2_Click()

Dim InData As String

Dim Datalog(64), Dataplot(64) As Integer
filel.Filter = "SPC File (*.SPC)!*.SPCI"
file1.ShowOpen

If filel filename = "" Then Exit Sub

On Error GoTo ex

Open filel filename For Input As #1

Input #1, InData

If InData <> "SPC File" Then

Close #1

Msg = "This File Not SPC File ?"

Style = vbCritical + vbDefaultButton2

Title = "Not File"

‘Help = "DEMO.HLP"

Cixt = 1000

Response = MsgBox(Msg, Style, Title, Help, Ctxt)

Exit Sub
End If
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Input #1, TradmarkN
Input #1, ModeIN

Input #1, DateN

Input #1, TimeN

Input #1, InputImpedance
Input #1, Outputlmpedance
Input #1, Distortion

Input #1, FreqOfSelect
Input #1, TypeOfSelect
Input #1, ChannelOfSelect
Input #1, TypeOfGraph

Fori=1To 64

Input #1, InData

Average(i) = Str(InData)

Next i

Close #1
Textl.Text = TradmarkN
Text2.Text = ModelN
SSPanel9.Caption = DateN
SSPanel10.Caption = TimeN
SSPanell.Caption = InputImpedance
SSPanel2.Caption = Outputlmpedance
SSPanel3.Caption = Distortion
List2.Text = FregOfSelect
List]l.Text = TypeOfSelect
List3.Text = ChannelOfSelect

If TypeOfGraph = "Linear” Then
Option]l.Value = True
Elself TypeOfGraph = "dB" Then
Option2.Value = True
End If
If List1.Text = "Amplifier" Then
Mul =10
Else
Mul =32
End If
Yk kR Rk ok Rk ko kR Rk ok kR ok kR kA kK Rk kKR Kok
Fori=1 To 64
If Mul = 10 Then
If Average(i) = 0 Then
Average(i) = Average(i) + (1)
End If
Dataplot(i) = (Average(i) * 0.2048) 'Amplifier
Datalog(i) = (20 * (Log(Average(i) / 100) / Log(10))) * 81.92
Elself Mul = 32 Then
If Average(i) = 0 Then
Average(i) = Average(i) + (1)
End If
Dataplot(i) = (Average(i) * 32) Filter
Datalog(i) = (20 * (Log(Average(i) / 100) / Log(10))) * 40.96
End If
Next i

Picturel.Cls

PlotScale (1)

j=1

Initial = 1000

Picture].Line (1000, 5096)-(1000, 5096)

CountNum = ]

PlotAverage = 16

If TypeOfGraph = "dB" Then

Fori=1 To 64
Ifi=1 Then
Picturel.Line (1000, 5096 + Datalog(1))-(1000, 5096 + Datalog(1)), QBColor(11)
Initial = Initial + (7 * 16)
Picturel.Line -(Initial, 5096 + Datalog(i)), QBColor(11)
Else
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Picturel.Line -(Initial, 5096 + Datalog(i)), QBColor(11)

End If
Initial = Initial + (7 * 16)
Next i
Else
If TypeOfGraph = "Linear" Then
Fori=1 To 64
Ifi=1 Then

Picturel.Line (1000, 5096 - Int(Dataplot(1)))-(1000, 5096 - (Dataplot(1))), QBColor(11)
Initial = Initial + (7 * 16)
Picturel.Line -(Initial, 5096 - (Dataplot(i))), QBColor(11)
Else
Picturel.Line -(Initial, 5096 - (Dataplot(i))), QBColor(11)
End If
Initial = Initial + (7 * 16)
Next i
End If
End If

Option2.Enabled = True
Optionl.Enabled = True
List1.Enabled = False
List2.Enabled = False
List3.Enabled = False
Command]1.Enabled = True
Command2.Enabled = False
Mul3.Enabled = True
Mul4.Enabled = True
Mu16.Enabled = True
Mu24.Enabled = True
MSComm!.PortOpen = False

If List2.Text = "middle"” Then
Mu24.Enabled = True

End If

ex: Exit Subp

End Sub

Private Sub Mul3_Click()
filel.ShowSave

Open filel.filename For Output As #1
filel.Filter = "SPC File (*.SPC)I*.SPCI"
TradmarkN = Textl.Text

ModelN = Text2.Text

DateN = SSPanel9.Caption

TimeN = SSPanel10.Caption
Inputimpedance = SSPanel1.Caption
OutputImpedance = SSPanel2.Caption
Distortion = SSPanel3.Caption
FreqOfSelect = List2.Text
TypeOfSelect = List]l.Text
ChannelOfSelect = List3.Text
Option2.Enabled = False

If Option1.Value = True Then
TypeOfGraph = "Linear"

Elself Option2.Value = True Then
TypeOfGraph = "dB"

End If

'Write Header to File

Write #1, "SPC File"

Write #1, TradmarkN

Write #1, ModelN

Write #1, DateN

Write #1, TimeN

Write #1, Inputimpedance
Write #1, OutputImpedance
Write #1, Distortion
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Write #1, FreqOfSelect
Write #1, TypeOfSelect
Write #1, ChannelOfSelect
Write #1, TypeOfGraph

Fori=1 To 64
Write #1, Average(i)
Next i

Close #1

End Sub

Private Sub Mu14_Click()
Picturel.Cls
PlotScale (1)
Option1.Enabled = True
Option1.Refresh
Option2.Enabled = False
Mul3.Enabled = False
Mul4.Enabled = False
Mu22 Enabled = False
Mu23.Enabled = False
Mu24.Enabled = False
Mul6.Enabled = False
Listl.Enabled = True
List2.Enabled = True
List3.Enabled = True
Command1.Enabled = False
Command2.Enabled = True
Command3.Enabled = True
SSPanel4.Enabled = True
SSPanel5.Enabled = True
SSPanel6.Enabled = True
Text1.Refresh
Text2 Refresh
Text1.Enabled = True
Text2.Enabled = True
Timer2.Enabled = False
Timer4.Enabled = False
Textl.Text =""
Text2.Text =""
SSPanell.Caption = ""
SSPanel2.Caption = ""
SSPanel3.Caption = "*
SSPanel4.Caption = ""
SSPanel5.Caption = ""
SSPanel6.Caption = ""
End Sub

Private Sub Mul6_Click()

Dim InData As String

Dim Datalog(64), Dataplot(64) As Integer
Dim i As Integer

Dim mV As Integer

Dim DataScale As Integer

Dim P As Integer

On Error GoTo ex
Open filel filename For Input As #1
Input #1, InData

Input #1, TradmarkN

Input #1, ModelN

Input #1, DateN

Input #1, TimeN

Input #1, Inputimpedance
Input #1, Outputlmpedance
Input #1, Distortion

Input #1, FreqOfSelect



Input #1, TypeOfSelect
Input #1, ChannelOfSelect
Input #1, TypeOfGraph

Fori=1 To 64

Input #1, InData

Average(i) = Str(InData)

Next i

Close #1
Textl.Text = TradmarkN
Text2.Text = ModelN
SSPanel9.Caption = DateN
SSPanel10.Caption = TimeN
SSPanell.Caption = InputImpedance
SSPanel2.Caption = OutputImpedance
SSPanel3.Caption = Distortion
List2.Text = FreqOfSelect
List]l.Text = TypeOfSelect
List3.Text = ChannelOfSelect

'Print Text
"
Printer.Print Spc(70); ""
Printer.Print Spc(70); ™"

If Option2.Value = True Then
Printer.Print Spc(2); "Decibel(dB)"
End If

If Optionl.Value = True Then

If List].Text = "Amplifier" Then
Printer.Print Spc(0); "Amplitude(Vrms)"
Elself Listl.Text = "Filter" Then
Printer.Print Spc(0); "Amplitude(mVrms)"
End If

End If

Printer.Print Spc(70); ""
Printer.Print Spc(70); ""
Printer.Print Spc(70); "
Printer.Print Spc(70); "
Printer.Print Spc(70); ""
Printer.Print Spc(70); ""
Printer.Print Spc(70); ™"
Printer.Print Spc(70); "*
Printer.Print Spc(70); ™"
Printer.Print Spc(70); "*
Printer.Print Spc(70); "*
Printer.Print Spc(70); ""
Printer.Print Spe(70); "*
Printer.Print Spe(70); ""
Printer.Print Spc(70); *"
Printer.Print Spc(70); ""
Printer.Print Spc(70); ""
Printer.Print Spc(70); ""
Printer.Print Spc(65); "Frequency”

If List2.Text = "Low" Then
Printer.Print Spc(67); "(Hz)"
Elself List2.Text = "Middle" Then
Printer.Print Spc(67); "(kHz)"
Elself List2.Text = "High" Then
Printer.Print Spc(67); "(kHz)"
End If

Printer.Print Spc(70 - 70); "

Printer.Print Spc(70); "

Printer.Print Spc(70); ""
Printer.Print Spc(20); "TradeMark:"
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Printer.Print ; Spc(40); TradmarkN

Printer.Print Spc(70); ""
Printer.Print Spc(20); "Model:"
Printer.Print ; Spc(40); ModeIlN

Printer.Print Spc(70); ""
Printer.Print Spc(20); "Date:"
Printer.Print ; Spc(40); Date

Printgr.Print Spc(70); "
Printer.Print Spc(20); "Time:"
Printer.Print Spc(40); Time()

Printer.Print Spc(70); ""
Printer.Print Spc(20); "Input Impedance:”
Printer.Print Spc(40); InputImpedance

Printer.Print Spc(70); "
Printer.Print Spc(20); "Output Impedance:"
Printer.Print Spc(40); OutputIlmpedance

Printer.Print Spc(70); "*
Printer.Print Spc(20); "Distortion (%):"
Printer.Print Spc(40); Distortion

Printer.Print Spc(70); "*
Printer.Print Spc(20); "Range Frequency:"
Printer.Print Spc(40); FreqOfSelect

Printer.Print Spc(70); "*
Printer.Print Spc(20); "Type:"
Printer.Print Spc(40); TypeOfSelect

Printer.Print Spc(70); "
Printer.Print Spc(20); "Channel:"
Printer.Print Spc(40); ChannelOfSelect

Rk kR R R R R R R R Rk

'‘Show Scale

‘Linear
Printer.Print Spc(70); "*

If Option1.Value = True Then
Printer.Print Spc(20); "Scale Plot"
Printer.Print Spc(40); "Linear"

‘Decibel
Printer.Print Spc(70); ""

Elself Option2.Value = True Then
Printer.Print Spc(20); "Scale Plot"
Printer.Print Spc(40); "Decibel(dB)"

End If

If List].Text = "Amplifier" Then
Mul = 10
Else
Mul = 32
End If
ok ok ok o o o ok ek ok ook ok K
‘Linear
S a0 e e e o ol e e oo o kol ok ok kK
If Option1.Value = True Then
Fori=1To 64
If Mul = 10 Then
If Average(i) = 0 Then
Average(i) = Average(i) + (1)
End If

Dataplot(i) = (Average(i) * 0.2048) 'Amplifier

103

Datalog(i) = (20 * (Log(Average(i) / 100) / Log(10))) * 81.92

Elself Mul = 32 Then
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If Average(i) = 0 Then
Average(i) = Average(i) + (1)
End If
Dataplot(i) = (Average(i) * 32) 'Filter
Datalog(i) = (20 * (Log(Average(i) / 100) / Log(10))) * 40.96
End If
Next i

PlotScale (1)
=1
Initial = 1000
Printer.Line (1000, 5096)-(1000, 5096)
CountNum = 1
PlotAverage = 16
If TypeOfGraph = "dB" Then
Fori=1To 64
Ifi=1 Then
Printer.Line (1000, 5096 + Datalog(1))-(1000, 5096 + Datalog(1)), QBColor(0)
Initial = Initial + (7 * 16)
Printer.Line -(Initial, 5096 + Datalog(i)), QBColor(0)

Else
Printer.Line ~(Initial, 5096 + Datalog(i)), QBColor(0)
End If
Initial = Initial + (7 * 16)
Next i
Else
If TypeOfGraph = "Linear" Then
Fori=1To 64
Ifi=1 Then

Printer.Line (1000, 5096 - Int(Dataplot(1)))-(1000, 5096 - (Dataplot(1))), QBColor(0)
Initial = Initial + (7 * 16)
Printer.Line -(Initial, 5096 - (Dataplot(i))), QBColor(0)
Else
Printer.Line ~(Initial, 5096 - (Dataplot(i))), QBColor(0)
End If
Initial = Initial + (7 * 16)
Next i
End If
End If
End If

'Decibel

If Option2.Value = True Then
Fori=1 To 64
If Mul = 10 Then
Datalog(i) = ((20 * (Log((Average(i) * 2.44) / 100y / Log(10))) * 68.267)
If Datalog(i) < 0 Then
Datalog(i) = Datalog(i) * -1
End If

Elself Mul = 32 Then
Datalog(i) = ((20 * (Log((Average(i) * 2.44) / 100) / Log(10))) * 40.96)
If Datalog(i) = 0 Then
Datalog(i) = Datalog(i) + -1
End If
End If

Next i

i=1

Initial = 1000

Printer.Line (1000, 5096)-(1000, 5096)
CountNum = 1

PlotAverage = 16

If Mul = 10 Then
Fori=1 To 64
Ifi=1Then
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Printer.Line (1000, 4984 - Datalog(1))-(1000, 4984 - Datalog(1)), QBColor(0)
Initial = Initial + (7 * 16) 'no +(7*16)curve shift left
Printer.Line -(Initial, 4984 - Datalog(i)), QBColor(0)

Else
Printer.Line -(Initial, 4984 - Datalog(i)), QBColor(0)

End If

Initial = Initial + (7 * 16) 'Convert 7 more 7 Scale Long Right

Next i

Elself Mul = 32 Then

Fori=1To 64
Ifi=1 Then
Printer.Line (1000, 3360 - Datalog(1))-(1000, 3360 - Datalog(1)), QBColor(0)
Initial = Initial + (7 * 16) 'no +(7*16)curve shift left
Printer.Line -(Initial, 3360 - Datalog(i)), QBColor(0)
Else
Printer.Line -(Initial, 3360 - Datalog(i)), QBColor(0)
End f

Initial = Initial + (7 * 16) 'Convert 7 more 7 Scale Long Right
Next i

End If
End If

DataScale =0
Printer.Line (1000, 800)-(1000, 5096), RGB(0, 0, 0) 'Line Y
Printer.Line (1000, 5096)-(8500, 5096), RGB(0, 0, 0) 'Line X

RN *

. Plot Scale Y
YRRk R Rk kR ok B ok ok e o o e o o o ok R o e ok
If Option2.Value = True Then
‘Plot Log
If List1.Text = "Filter" Then
DataScale = 50
P=1

For i = 1000 To 5096 - Int((5096 - 1000) / 20) Step Int((5096 - 1000) / 10)
Printer.Line (850, i)-(1000, i)

Printer.Line (1000, i)-(8168, i), QBColor(0)

Printer.Line (500, i - 100)-(500, i - 100)

Printer.Print DataScale ~

DataScale = DataScale - 10

Next i
Label13.Caption = "Decibel (dB)"

Else

DataScale = 50

For i = 1000 To 5096 - Int((5096 - 1000) / 20) Step Int((5096 - 1000) / 6)
Printer.Line (850, i)-(1000, i)

Printer.Line (1000, i)-(8168, 1), QBColor(0)

Printer.Line (500, i - 100)-(500, i - 100)

Printer.Print DataScale
DataScale = DataScale - 10
Next i
Label13.Caption = "Decibel (dB)"
End If
Else
‘Plot Linear
If List1,Text = "Filter" Then
DataScale = 128

For i = 1000 To 5096 - ((5096 - 1000) / 8) Step (5096 - 1000) / 8
Printer.Line (900, i)-(1000, i)

Printer.Line (1000, i)-(8168, i), QBColor(0)

Printer.Line (500, i - 100)-(500, i - 100)

Printer.Print DataScale

DataScale = DataScale - 16
Next i

Label13.Caption = "Amplitude (mVrms)"
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Label22.Caption = "mVrms"

Else
DataScale = 20
For i = 1000 To 5096 - Int((5096 - 1000) / 20) Step Int((5096 - 1000) / 10)
Printer.Line (900, i)-(1000, i)
Printer.Line (1000, i)-(8168, i), QBColor(0)
Printer.Line (500, i - 100)-(500, i - 100)
Printer.Print DataScale
DataScale = DataScale - 2
Next i
Label13.Caption = "Amplitude (Vrms)"
Label22.Caption = "Vrms"

End If

End If

"*  Plot Scale X

If List2.Text = "High" Then
DataScale = 10
For i = 1000 + Int(7168 / 12) To 8168 Step Int(7168 / 12)
Printer.Line (i, 5096)-(i, 5196)
Printer.Line (i, 1000)-(i, 5096), QBColor(0)
Printer.Line (i - 180, 5196)-(i - 180, 5196)
Printer.Print DataScale
DataScale = DataScale + 10
Next i
label20.Caption = "(kHz)"

Elself List2.Text = "Low" Then
DataScale = 10
Fori= 1000 + Int(7168 / 12) To 8168 Step Int(7168/ 12)
Printer.Line (i, 5096)-(i, 5196)
Printer.Line (i, 1000)-(i, 5096), QBColor(0)
Printer.Line (i - 180, 5196)-(i - 180, 5196)
Printer.Print DataScale
DataScale = DataScale + 10
Next i
label20.Caption = "(Hz)"

Else
DataScale = 1 .
For i = 1000 + Int(7168 / 12) To 8168 Step Int(7168 / 12)
Printer.Line (i, 5096)-(i, 5196)
Printer.Line (i, 1000)-(i, 5096), QBColor(0)
Printer.Line (i - 120, 5196)-(i - 120, 5196)
Printer.Print DataScale
DataScale = DataScale + 1
Next i
label20.Caption = "(kHz)"

End If

ex: Exit Sub
End Sub

Private Sub Mul7_Click()
End
End Sub

Private Sub Mu18_Click()

If MSComm1.PortOpen = True Then
MSComml.PortOpen = False

End If

End

End Sub

Private Sub MU221_Click()
Picture1.Cls

PlotScale2 (1)
Command].Enabled = True
Command2.Enabled = False



Command3.Enabled = False
Option1.Enabled = False
Option2.Enabled = False
MSComm1.PortOpen = True
MSComm!.Output = "PLFMI"
Timer4.Enabled = True
Label22.Caption = "mVrms"
i=0

IMPD = "INPUT"
SSPanell1.Caption = "Busy"
SSPanel4.Caption = "100"
End Sub

Private Sub MU222_Click()
Picturel.Cls

PlotScale2 (1)
Commandl.Enabled = True
Command2.Enabled = False
Command3.Enabled = False
Optionl.Enabled = False
Option2.Enabled = False
MSComm1.PortOpen = True
MSComm1.Qutput = "PRFMI"
Timer4.Enabled = True
Label22.Caption = "mVrms"
i=0

IMPD = "INPUT"
SSPanell1.Caption = "Busy"
SSPanel4.Caption = "100"
End Sub

Private Sub MU231_Click()
Picturel.Cls

PlotScale2 (1)
Command].Enabled = True
Command2.Enabled = False
Command3.Enabled = False
Option1.Enabled = False
Option2.Enabled = False
MSCommI1.PortOpen = True
MSComml.Output = "PLFMO"
Timer4.Enabled = True
Label22.Caption = "mVrms"
i=0

IMPD = "OUTPUT"
SSPanell1.Caption = "Busy"
SSPanei4.Caption = "100"
End Sub

Private Sub MU232_Click()
Picture1.Cls

PlotScale2 (1)
Command].Enabled = True
Command2.Enabled = False
Command3.Enabled = False
Option].Enabled = False
Option2.Enabled = False
MSComm! .PortOpen = True
MSComm!.Output = "PRFMO"
Timer4.Enabled = True
Label22.Caption = "mVrms"
j=0

IMPD = "QUTPUT"
SSPanell 1.Caption = "Busy"”
SSPanel4.Caption = "100"
End Sub

Private Sub Mu24_Click()
Dim aa As Currency
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Dim ab As Currency
Dim ac As Currency
Dim ad As Currency
Dim ae As Currency
Dim af As Currency
Dim ag As Currency
Dim ah As Integer
Dim Distortion(64) As Integer
Mu24 . Enabled = False
If List2.Text = "Middle” Then
i=6
Distortion(i) = (Average(i)) 'Calculate Distortion
aa = Distortion(i)
aa=aa"2
i=12
Distortion(i) = (Average(i)) 'Calculate Distortion
ab = Distortion(i)
ab=ab"2
i=18
Distortion(i) = (Average(i)) ‘Calculate Distortion
ac = Distortion(i)
ac=ac"2
i=24
Distortion(i) = (Average(i)) 'Calculate Distortion
ad = Distortion(i)
ad=ad*2
i=30
Distortion(i) = (Average(i)) ‘Calculate Distortion
ae = Distortion(i)
ac=ac"2
af=ab+ac +ad +ae
mysqr = Sqr(af) ' square root
af = mysqr
ag=aa+ab+ac+ad+ae
mysqr = Sqr(ag) 'square root
ag = mysqr
ah = (af/ ag) * 100
SSPanel3.Caption = ah
End If
End Sub

Private Sub Mu32_Click()
User_Manual.Show
End Sub

Private Sub Mu33_Click()
Pre_Resume.Show
End Sub

Private Sub Option1_Click()
Dim Dataplot(64) As Integer
Picturel.Cls

PlotScale (1)
Mul3.Enabled = True
Mul4.Enabled = False
Command1.Enabled = True
Mul4.Enabled = True

i=1

Initial = 1000

Picturel.Line (1000, 5096)-(1000, 5096)
CountNum = 1

PlotAverage = 16

If List] . Text = "Amplifier” Then

Mul = 10
Else
Mul =32

End If
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Fori=1 To 64
If Mul = 10 Then
Dataplot(i) = (Average(i) * 0.2048) 'Amplifier
Elself Mul = 32 Then
Dataplot(i) = (Average(i) * 32) 'Filter
End If
Next i

Fori=1To 64
Ifi=1 Then ‘
Picturel.Line (1000, 5096 - Int(Dataplot(1)))-(1000, 5096 - (Dataplot(1))), QBColor(11)
Initial = Initial + (7 * 16)

Picturel.Line -(Initial, 5096 - (Dataplot(i))), QBColor(11)
Else
Picturel.Line -(Initial, 5096 - (Dataplot(i))), QBColor(11)
End If

Initial = Initial + (7 * 16)

Next i

End Sub

Private Sub Option2_Click()
Dim i As Integer

Dim Datalog(64) As Integer
Dim mV As Integer
Picturel.Cls

PlotScale (1)
Mul3.Enabled = False
Mul4.Enabled = True
Command].Enabled = True

Fori=1To 64
If Mul = 10 Then
Datalog(i) = ((20 * (Log((Average(i) * 2.44) / 100) / Log(10))) * 68.267)
If Datalog(i) < 0 Then
Datalog(i) = Datalog(i) * -1
End If

Elself Mul = 32 Then
Datalog(i) = ((20 * (Log((Average(i) * 2.44) / 100y / Log(10))) * 40.96)
If Datalog(i) = 0 Then
Datalog(i) = Datalog(i) + -1
End If
End If

Next i

j=1

Initial = 1000

Picturel.Line (1000, 5096)-(1000, 5096)
CountNum = 1

PlotAverage = 16

If Mul = 10 Then

Fori=1 To 64
Ifi=1Then
Picturel.Line (1000, 4984 - Datalog(1))-(1000, 4984 - Datalog(1)), QBColor(11)
Initial = Initial + (7 * 16) 'no +(7*16)curve shift left
Picturel.Line -(Initial, 4984 - Datalog(i)), QBColor(11)
Else
Picturel .Line -(Initial, 4984 - Datalog(i)), QBColor(11)
End If
Initial = Initial + (7 * 16) 'Convert 7 more 7 Scale Long Right
Next i

Elself Mul = 32 Then
Fori=1 To 64
Ifi=1Then
Picturel.Line (1000, 3360 - Datalog(1))-(1000, 3360 - Datalog(1)), QBColor(11)
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Initial = Initial + (7 * 16) 'no +(7*16)curve shift left
Picture].Line -(Initial, 3360 - Datalog(i)), QBColor(11)
Else .
Picture].Line -(Initial, 3360 - Datalog(i)), QBColor(11)
End If
Initial = Initial + (7 * 16) 'Convert 7 more 7 Scale Long Right
Next i

End If
End Sub

Private Sub Picture]_MouseMove(Button As Integer, Shift As Integer, X As Single, Y As Single)
Dim X1, Y1 As Integer

Dim Col As String

DimR, G, B As String

X1 = CInt(X)

Y1 = Clnt(Y)

Col = Hex(Picturel.Point(X, Y))
R = Right(Col, 2)

Col = Left(Col, 4)

G = Right(Col, 2)

Col = Left(Col, 2)

B =Right(Col, 2)

End Sub

Private Sub Timerl_Timer()
SSPanel10.Caption = Time()
SSPanel9.Caption = Date

End Sub

Private Sub Timer2_Timer()
Dim k, J2 As String

Dim S1, S2, $3 As String
Dim N1, N2, N3 As Integer
Dim Step As Integer

Dim Sum, mV As Integer
Dim Dataplot(64) As Integer
Dim Da(64) As Integer
SSPanel4.Enabled = True
SSPanel4.Caption = "100"
SSPanel5.Enabled = True
SSPanel6.Enabled = True

If List1.Text = "Amplifier" Then
Mul = 10 ‘Amplifier

Else
Mul = 32 'Filter

End If

Step=17
k = MSComm1.Input

If Len(k) = 4 Then
S1 =Midk, 2, 1)
S2 =Mid(k, 3, 1)
S$3 = Mid(k, 4, 1)
NI = Asc(S1)
N2 = Asc(S2)
N3 = Asc(S3)
If (NI > 57) And (N1 < 65) Then
NI=NI1+7
End If
If (N2 > 57) And (N2 < 65) Then
N2=N2+7
End If
If (N3 > 57) And (N3 < 65) Then
N3=N3+7
End If
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S1 = Chr(N1)
$2 = Chr(N2)
$3 = Chr(N3)
k=SI+S2+S3
Dataj) = Val("&H" + k)
IRk Rk kR Rk Rk kR kR kR kR Rk

'*  Calculate AveragerData = 16 data
xky

J2=jMod 16

If J2 = 0 Then
Fori=j-15Toj
Sum = Sum + Data(i)
Next i

Sum = (Sum / PlotAverage)

If Mul = 10 Then
Dataplot(j / PlotAverage) = (((Sum * 2.44) * 10) * 0.2048) 'Amplifier
mV = (Sum * 2.44) * 10
Average(j / PlotAverage) = mV
Data(j / PlotAverage) = Int(20 * ((Log((mV) / 100)) / Log(10))) 'Calculate dB
SSPanel6.Caption = Data(j / PlotAverage) 'Show dB
SSPanel5.Caption = (mV / 1000)

Elself Mul = 32 Then
Dataplot(j / PlotAverage) = ((Sum * 2.44) * 32) 'Filter
mV = (Sum * 2.44)
Average(j / PlotAverage) = mV
Data(j / PlotAverage) = Int(20 * ((Log((mV) / 100)) / Log(10))) 'Calculate dB
SSPanel6.Caption = Data(j / PlotAverage) ‘Show dB
SSPanel5.Caption = mV
End If

'*  Plot Graph

Ifj = 16 Then
Picturel.Line (1000, 5096 - (Dataplot(1)))-(1000, 5096 - (Dataplot(1))), QBColor(11)
Initial = Initial + Step
Picturel.Line -(Initial, 5096 - (Dataplot(j / PlotAverage))), QBColor(11)
Else
Picturel.Line -(Initial, 5096 - (Dataplot(j / PlotAverage))), QBColor(11)
End If
End If
j=j+1
Initial = Initial + Step
CountNum = CountNum + |
End If
If j > 1024 Then
Timer2.Enabled = False
Optionl.Enabled = True
Option2.Enabled = True
List] . Enabled = True
List2.Enabled = True
List3.Enabled = True
SSPanell1.Caption = "Analysis Complete”
Mul 3.Enabled = True
Command].Enabled = True
MSComm!1.PortOpen = False
End If
Option].Enabled = True
End Sub

Private Sub Timer3_Timer()

Dim Data As String

Data = MSComm!l.Input

If Data = "A" Then
Command2.Enabled = True
Timer3.Enabled = False
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MSComm1.Output = "R"
MSComm1.PortOpen = False
SSPanell1.Caption = "Ready Connecting'
Command3.Enabled = False
Mu22.Enabled = True
Mu23.Enabled = True

Else
MsgBox "Please Check Line Connect”
Timer3.Enabled = False
MSComm!.PortOpen = False

End If

End Sub

Private Sub Timer4_Timer()

Dim k, J2 As String

Dim S1, §2, S3 As String

Dim N1, N2, N3 As Integer

Dim Step As Integer

Dim Sum, mV As Long

Dim Dataplot(64) As Integer

Dim DataMax, NumMax As Integer

Step =28
k = MSComm1.Input

If Len(k) = 4 Then

S1 =Mid(, 2, 1)

S2=Midk, 3, 1)

S3=Midk, 4, 1)

N1 = Asc(S1)

N2 = Asc(S2)

N3 = Asc(S3)

If (N1 > 57) And (N1 < 65) Then
NI=N1+7

End If

If (N2 > 57) And (N2 < 65) Then
N2=N2+7

End If

If (N3 > 57) And (N3 < 65) Then
N3=N3+7

End If

S1=Chr(N1)

52 = Chr(N2)

$3 = Chr(N3)

k=S1+82+8S3

j=j+1

Data(j) = Val("&H" + k)
SSPanel5.Caption = (Data(j) * 2.44)

Rt Lt bl TP i te st Lt il i ittt ittty

* Calculate = 256 data for impedance
PR kR A ook o o o o o oo o o ok kR R
If j =1 Then
Picturel.Line (1000, 5096 - (Data(1)))-(1000, 5096 - (Data(1))), QBColor(11)
Initial = Initial + Step
Picture!.Line -(Initial, 5096 - (Data(j) * 2.44 * 32)), QBColor(11)
Else
Picturel.Line -(Initial, 5096 - (Data(j) * 2.44 * 32)), QBColor(11)
End If

Initial = Initial + Step
CountNum = CountNum + 1

If j > 255 Then
Timer4.Enabled = False
Option1.Enabled = True
Option2.Enabled = True
List1.Enabled = True
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List2.Enabled = True
List3.Enabled = True
SSPanell 1.Caption = "Analysis Complete"

Mu13.Enabled = True

Fori=1To 256

If Data(i) > 50 Then
If Data(i) < DataMax Then
DataMax = Data(i)
NumMax =i
End If
End If
Next i

Option2.Enabled = False

If IMPD = "INPUT" Then
SSPanell.Caption = (DataMax * 700) / 100 'kiloOhm

Else
SSPanel2.Caption = (DataMax * 700)/ 100 'kiloOhm

End If
End If
End If
End Sub
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;* ANALYZER.ASM *
;*  Complie With SXASI *
;*  Program By Ed.Engineerl8 *
;*  March 20, 1997 *
ORG 0000H
ST: PA1 EQU OF800H
PB1 EQU OF801H
PC1 EQU OF802H
PCON1 EQU OF803H
PA2 EQU OFCOOH
PB2 EQU OFCOIH
PC2 EQU OFCO2H
PCON2 EQU OFCO3H
PCIBUF EQU 50H
PA2BUF EQU 51H
BUF1I EQU 55H
BUF2 EQU 56H
L1
; MAIN PROGRAM
CALL DELAY ;Initial Board
CALL DELAY
CALL DELAY
CALL DELAY
MOV DPTR#PCON1  ;Set 8255 Port Userl
MOV  A#80H ;PA=0OUT, PB=OUT, PC=0UT

MOVX @DPTR,A .

MOV  DPTR#PCON2  ;Set 8255 Port User2

MOV A#83H ;PA=OUT, PB=IN, PCL=IN, PCH=0OUT
MOVX @DPTRA

MOV SCON,#52H ;Set Serial Port Mode=1
MOV TMOD,#20H ;Set Timerl Mode =2
MOV  THI,#0FDH ;Baud Rate = 9600
SETB TRI1 ;Enabled Timerl

MOV  RO#PCIBUF

MOV  A#0

MOV @RO,A

CALL DELAY

CALL DELAY

CALL DELAY

CALL DELAY

. xk
; Check Connect From Computer

REMOTE: CALL RECEIVE
CINE A#C.,REMOTE ;Check Data "C" Form Computer
MOV A#A
CALL SEND ;Send "A" to Computer
RETURN: CALL. RECEIVE
CINE A#R'\RETURN ;Check Data "R" Form Computer is Response

MAIN: CALL RECEIVE
CINE A#T,RES ;Spectrum

CALL RESPON
SIMP CLEAR
RES: CINE A#PMAIN  ;Impedance
CALL IMP
CLEAR: MOV A#0 ;Clear All Port OutPut

MOV DPTR#PAIl
MOVX @DPTR,A
MOV DPTR#PB1



Rttt Et 2]
’

MOVX @DPTR,A
MOV DPTR #PCl
MOVX @DPTR,A
MOV DPTR,#PA2
MOVX @DPTRA
SIMP REMOTE

; RECEIVE IMPEDANCE FORM COMPUTER

IMP: CALL RECEIVE

;#"""""'

CALL
CALL
CALL
CALL
CALL

SETCH
RECEIVE
SETTY
RECEIVE
SETFREQ
CALL RECEIVE
CALL SETINOUT
MOV
CALL DELAY?2
DINZ  ROE
LCALL FREQ R
LCALL SIMP
RET

;Set Channel
;Set Type
;Set Frequency

;Set Input Or Output

RO,#0AH

; CHANGE RESISTOR DS1669

;'#""

SIMP: MOV  A#0AIH

TS1:

MOV DPTR,#PC1
MOVX @DPTR,A

MOV DPTR,#PA1
MOV  A#55H
MOVX @DPTRA
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
MOV  R4,#40H
MOV A #0FEH
MOVX @DPTR,A
MOV A #0FFH
LCALL READ_AD
DINZ R4,TS1

MOV  R4.#40H

TS2: MOV A #0FBH

TS83:

MOVX @DPTR,A
MOV A #OFFH
LCALL READ_AD
DINZ R4,TS2

MOV  R4,#40H
MOV  A#0EFH
MOVX @DPTR,A
MOV A #0FFH
LCALL READ_AD
DINZ R4,TS3

MOV  R4,#40H

TS4: MOV A #0BFH
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MOVX @DPTR,A
MOV A #0FFH
LCALL READ_AD
DINZ R4,TS4

MOV DPTR,#PAI
MOV A#55H
MOVX @DPTR,A
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
LCALL DELAY3
RET

SREERRR R R AR R R R AR R AR R RRRRKRERE
’

; CHANGE FREQ RESPONCE

FREQ_R: MOV  DPTR,#PB1
MOV A #0AOH
MOVX @DPTR,A

MOV  RO#PCI1BUF
MOV A,@RO

ANL A#OFOH
ADD A#OIH

MOV  @ROA

MOV DPTR#PCI
MOVX @DPTR,A
RET

; SELECT INPUT/OUTPUT

%

SETINOUT:PUSH DPH
PUSH DPL
CINE A#T,0OUT ;Check Input
MOV DPTR,#PC2
ORL A#0DOH
MOV  @RO,A
MOVX @DPTR,A
SIMP EX
OUT: CINE A#O.EX ;Check Output
MOV DPTR#PC2
ORL A#OEOH
MOV @RO,A
MOVX @DPTR,A
EX: POP DPL
POP DPH
RET

; RECEIVE COMMAND FROM COMPUTER

RESPON: CALL RECEIVE

CALL SETCH ;Set Channel
CALL RECEIVE

CALL SETTY ;Set Type

CALL RECEIVE

CALL SETFREQ :Set Frequency

MOV RO,#1AH
L: CALL DELAY2
DINZ RO,L
CALL FREQ ;Start



RET

ok ook ook ok ok ok ak ok ok ok ok ok ok ok ak ok ok ok sk kR Rk R kK Rk ko
’

; CHANGE FREQUENCY 12 BIT

33 ok o0 ok o o ok o 2ok o o ok K o e o o o o ok ok o o ok ok ok ok koK
’

FREQ: MOV R4#0
MOV R3#0
FREQI: MOV AR3
MOV DPTR #PBI
MOVX @DPTRA
MOV  RO#PCIBUF
MOV A,@RO
ORL AR4
MOV DPTR#PC1
MOVX @DPTR,A
CALL DELAY
CALL READ_AD
INC R3
INC R3
INC R3
INC R3
CIJNE R3,#0,NO
INC R4

NO: CINE R4,#10H,FREQI

RET

o 3 ook o ok ol o o o ek kol o o ke e e R o ek Rk
1

; SELECT CHANNEL LEFT/RIGHT

;ttl‘#‘#‘#"#“t“#‘#‘#‘l“l“t‘#‘

SETCH: PUSH DPH
PUSH DPL
CINE A#L\RIG
MOV DPTR,#PA2
MOV  RO#PA2BUF
MOV A,@RO
ANL A#OFTH
MOV @ROA
MOVX @DPTR,A
SJIMP EXCH
RIG: CINE A#R.EXCH
MOV DPTR,#PA2
MOV  RO#PA2BUF
MOV A,@RO
SETB ACC3
MOV @RO,A
MOVX @DPTR,A
EXCH: POP DPL
POP DPH
RET

*%

;Check Left Channel

;Check Right Channel

; SELECT TYPES AMPLIFIER/FILTER

;l#‘#‘###‘l#“““‘t“##“““‘###

SETTY: PUSH DPH
PUSH DPL
CINE A#A'FIL
MOV DPTR#PA2
MOV  RO,#PA2BUF
MOV A,@RO
ORL  A#40H
MOV @ROA
MOVX @DPTR,A
SIMP EXTY
FIL: CINE A#F.EXTY
MOV  DPTR#PA2
MOV  RO#PA2BUF
MOV A,@RO
ORL A#20H
MOV @ROA
MOVX @DPTRA
EXTY: POP DPL
POP DPH

;Check Type Amplifier

;:Check Type Filter
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RET

: SELECT FREQUENCY LOW/MID/HIGH

SETFREQ:PUSH DPH
PUSH DPL
CINE A#H MDD ;Check High Frequency
MOV DPTR,#PCI
MOV  A#40H
MOVX @DPTR,A
SIMP EXFREQ
MID: CINE A#M'LOWF ;Check Mid Frequency
MOV DPTR,#PCI
MOV  A#20H
MOVX @DPTR,A
SIMP EXFREQ
LOWF: CINE AM#L\EXFREQ ;Check Low Frequency
MOV DPTR#PCI .
MOV  A#I10H
MOVX @DPTR,A
EXFREQ: MOV  RO#PCIBUF
MOV @ROA
POP DPL
POP DPH
RET

i READ A/D

READ_AD:PUSH DPH
PUSH DPL
MOV DPTR#PA2
MOV  RO#PA2BUF
MOV  A,@RO
ANL A#OFEH
MOV @R0,A
MOVX @DPTRA ;Set ADC Convert Data
CALL DELAY
NO_STS: MOV A,@RO
ORL A#01H
MOV @RO,A
MOV  DPTR#PA2 .
MOVX @DPTR,A ;Set ADC Read Data
CALL DELAY
MOV DPTR,#PB2
MOVX A,@DPTR ;Read bit 0-7
MOV R6,A ;Store To Buffer
MOV  DPTR#PC2
MOVX A,@DPTR ;Read bit 8-11
ANL A #O0FH
MOV R7,A ;Store To Buffer
CALL CONV ;Call Convert To Send Hex Data
POP DPL
POP DPH
RET
4 L3 ] *k
; Send Data To Microcomputer RS232
; Convert Data To Hex

CONV: MOV A#X'
CALL SEND

MOV  AR7

ANL A#OFH

ADD A #30H

CALL SEND ;Send X--

MOV  AR6
ANL  A#0FOH
SWAP A
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ADD A#30H
CALL SEND ;Send -X-

MOV AR6

ANL  A#OFH

ADD A #30H

CALL SEND ;Send --X
RET

RILILIIIIELL LIRSS IR ]
’

; RS232 Send and Receive
;##*#***##*###*######***#*########
SEND: JNB TISEND

CLR TI

MOV SBUFA

RET
RECEIVE:JNB RIRECEIVE

CLR RI

MOV A SBUF

RET

:*##‘######*##*#!########**#*‘####

; DELAY
;#############*‘######***##*######
DELAY: MOV R2,#080H
DELAYI1:MOV  R1#0

DINZ RL$

DINZ R2,DELAYII

RET

DELAY2: MOV R2#0FFH
DELAY21:MOV  R1,#0
DINZ RLS$
DINZ R2,DELAY21
RET

DELAY3: MOV  R2#06H
DE31: MOV RI1#0
DE32: MOV RO,#0
DIJNZ RO,$
DIJNZ RI1,DE32
DINZ R2,DE31
RET

END
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Complete
12-Bit A/D Converter

AD974A*

FEATURES
Complete 12-Bit A/D Converter with Reference
and Clock
8- and 16-Bit Microprocessor Bus Interface
Guaranteed Linearity Over Temperature
0°C to +70°C - AD574AJ, K, L
-55°C to +125°C - AD574AS, T, U
No Missing Codes Over Temperature
35 ps Maximum Conversion Time
Buried Zener Reference for Long-Term Stability
and Low Gain T.C. 10 ppm/°C max AD574AL
. 12.5 ppm/°C max AD574AU
Ceramic DIP, Plastic DIP or PLCC Package
Available in Higher Speed, Pinout-Compatible Versions
{15 ps AD674B, 80 ps AD774B; 10 ps (with SHA) AD1674)
Available in Versions Compliant with MIL-STD-883 and
JAN QPL .

PRODUCT DESCRIPTION

The AD574A is a complete 12-bit successive-approximation
analog-to-digital converter with 3-state output buffer circuitry
for direct interface to an 8- or 16-bit microprocessor bus. A high
precision voltage reference and clock are included on-chip, and
the circuit guarantees full-rated performance without external
circuitry or clock signals.

The AD574A design is implemented using Analog Devices’
Bipolar/I’L process, and integrates all analog and digital func-
tions on one chip. Offset, linearity and scaling errors are mini-
mized by active laser-trimming of thin-film resistors at the wafer
stage. The voltage reference uses an implanted buried Zener for
low noise and low drift. On the digital side, I’L logic is used for
the successive-approximation register, control circuitry and
3-state output buffers.

The AD574A is available in six different grades, The AD574A],
K, and L grades are specified for operation over the 0°C to
+70°C temperature range. The AD574AS, T, and U are speci-
fied for the -55°C to +125°C range. All grades are available in a
28-pin hermetically-sealed ceramic DIP. Also, the J, K, and L
grades are available in a 28-pin plastic DIP and PLCC, and the
J and K grades are available in ceramic LCC.

The S, T, and U grades in ceramic DIP or LCC are available
with optional processing to MIL-STD-883C Class B; the T
and U grades are available as JAN QPL. The Analog Devices’
Military Products Databook should be consulted for details on
/883B testing of the AD574A.

*Protected by U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413; RE 28,633.

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

BLOCK DIAGRAM AND
PIN CONFIGURATION
W5V suvp::: E_*___I N\ [___>\§| STATUS
DATA MODE SELECT [5] » =1 DB1Y
1238 i
cHIP SELECT Gl —|—>_| CONTROL 1 Hzd] oa1o
B HonT Cvere 4 I H3s) oae
nEAmouVEé;T’ E H24] ose
CHIP ENAB(I:.E E 23| DB7

0BS | DIGITAL
DATA
OUTPUTS

+12/+15V SUPPLY
v [}
+10V REFERENCE [5 ,,
REF OUT %
ANALOG COMMON [5
AC (] v

19.95k

REFERENCE INPUT [1q
REFIN
-12-16V SUPPLY
Va [

PIMNNCET —SCV-HCO M-HP-HN «

BIPOLAR OFFSET [i Sk
P oF [12—W—
Sk$ |V DAC N v

%3
AD574A |12

PRODUCT HIGHLIGHTS

1. The AD574A interfaces to most 8- or 16-bit microproces-
sors. Multiple-mode three-state output buffers connect di-
rectly to the data bus while the read and convert commands
are taken from the control bus. The 12 bits of output data
can be read either as one 12-bit word or as two 8-bit bytes
(one with 8 data bits, the other with 4 data bits and 4 trailing
ZEros).

Bo nu-um—z” ® Mroo-z "> mrOw—2 El

10V SPAN INPUT =
\ove (13

20V SPAN INPUT [74 DIGITAL COMMDN
20Vy, E E bc

2. The precision, laser-trimmed scaling and bipolar offset resis-
tors provide four calibrated ranges: 0 volts to +10 volts and 0
volts to +20 volts unipolar, -5 volts to +5 volts and —10 volts
to +10 volts bipolar. Typical bipolar offset and full-scale cali-
bration errors of £0.1% can be trimmed to zero with one ex-
ternal component each.

3. The internal buried Zener reference is trimmed to 10.00
volts with 0.2% maximum error and 15 ppm/C typical T.C.
The reference is available externally and can drive up to
1.5 mA beyond the requirements of the reference and bipolar
offset resistors.

4. AD674B (15 ps) and AD774B (8 ps) provide higher speed,
pin compatibility; AD1674 (10 ps) includes on-chip Sample-
Hold Amplifier (SHA).

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Telk: 617/329-4700 Fax: 617/326-8703
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(@ +25°C with Vo = +15 Vor +12V, Ve = +5 V, Ve = -15V or =12V

AB 5 74A_SPEC I F I CATI 0 NS unless otherwise noted)

r ADS574A] ADS74AK ADS74AL
Model Min Typ Max Min Typ Max Min Typ Max |Units
RESOLUTION 12 12 12 Bits
LINBARITY ERROR @ +25°C +1 +1/2 +1/2 |LSB

TN to Tuax +1 t1/2 1172 LSB
DIFFERENTIAL LINEARITY ERROR ’

(Minimum Resolution for Which No

Missing Codes are Guaranteed)

Tan t0 Tuax 11 12 12 Bits
UNIPOLAR OFFSET (Adjustable to Zero) +2 1 1 LSB
BIPOLAR OFFSET (Adjustable to Zero) ‘14 +4 12 LSB
FULL-SCALE CALIBRATION ERROR

(With Fixed 50 Q Resistor from REF OUT to REF IN)

(Adjustable to Zero) 0.25 0.25 0.125 |% of FS
TEMPERATURE RANGE 0 +70 0 +70 0 +70 °C
TEMPERATURE COEFFICIENTS

(Using Internal Reference)

T to Tuax
Unipolar Offset 12 (10) +1(5) 11 (5) |LSB (ppm/°C)
Bipolar Offset 12 (10) t1(5) 11 (5) |LSB (ppm/°C)
Full-Scale Calibration 19 (50) 15 (27) +2 (10)|LSB (ppm/°C)
POWER SUPPLY REJECTION

Max Change in Full-Scale Calibration

Vec=15VE1.5Vori2v 0.6V +2 t1 1 LSB

Vicgic=5V1 0.5V +172 £1/2 £1/2 |LSB

Veg=~13V1 15Vor-12V£ 0.6V +2 t1 t1 LSB
ANALOG INPUT

Input Ranges X

Bipolar -5 +5 -5 +5 -5 +5 Volts

-10 +10 -10 +10 -10 +10 Volts

Unipolar 0 +10 0 +10 0 +10 Volts

0 +20 0 +20 0 +20 Volts

Input Impedance

10 Volt Span 3 7 3 5 3 5 kQ

20 Volt Span 6 10 - 14 6 10 14 6 10 14 kQ
DIGITAL CHARACTERISTICS' (Tpyn-Tumax)

Inputs? (CE, C3, R/C, Ay)

Logic “1” Voltage +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 |[Volts

Logig “0” Voltage -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 |Volts

Current -20 +20 =20 +20 =20 +20 pA

Capacitance 5 5 5 pF

Output (DB11-DBO, STS)

Log!g “1” Voltage (Isource S 500 pHA) +2.4 +2.4 +2.4 Volts

Logic “0” Voltage (Ispnk S 1.6 mA) +0.4 +0.4 +0.4 |[Volts

Leakage (DBI1-DB0, High-Z State) ~20 +20 -20 +20 -20 +20 HA

Capacitance 5 5 5 pF
POWER SUPPLIES

Operating Range

Viocic +4.5 +5.5 +4.5 +5.5 +4.5 +5.5 |Volts

Veo, +11.4 +16.5 +11.4 +16.5 +11.4 +16.5 |Volts

Vg -11.4 -16.5 ~11.4 -16.5 -11.4 -16.5 |Volts

Operatdng Current

ILoaic 30 40 30 40 30 40 mA

Icc 2 5 2 5 2 5 mA

Teg 18 30 18 30 18 30 mA
POWER DISSIPATION 390 725 390 725 390 725 mW
INTERNAL REFERENCE VOLTAGE 9.98 10.0 10.02 9.98 10.0 10.02 9.99 10.0 10.01 |Volts

Output Current (Available for External Loads)? 1.5 1.5 1.5 mA

(External Load Should not Change During Conversion)

PACKAGE OPTIONS*

Ceramic (D-28) AD574ASD AD574AKD ADS574ALD

Plastic (N-28) AD574AIN AD574AKN AD574AILN

PLCC (P-28A) ADS574AJP AD574AKP

LCC (E-28A) ADS74AJE AD574AKE
NOTES!

!Detailed Timing Specifications appear in the Timing Section.
212/8 Input is not TTL-compatible and must be hard wired to Vi g or Digital Common.
*The reference should be buffered for operation on £12 V supplies.
*D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier,

Specifications subject to change without norice.

REV.B
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AD574A

ADS74AS ADST4AT ADST4AU
Model Min Typ Max Min Typ Max Min Typ Max Units
RESOLUTION 12 12 12 Bits
LINEARITY ERROR @ +25°C 11 1172 1112 LSB

Twmn to Tuax 1 1 1 LSB
DIFFERENTIAL LINEARITY ERROR

(Minimum Resolution for Which No

Missing Codes are Guaranteed)

Tamin 10 Timax 11 12 12 Bits
UNIPOLAR OFFSET (Adjustable to Zero) 12 11 t1 LSB
BIPOLAR OFFSET (Adjustable to Zero) +4 +4 12 LSB
FULL-SCALE CALIBRATION ERROR

(With Fixed 50 Q Resistor from REF OUT to REF IN)

(Adjustable to Zero) 0.25 0.25 0.125 % of FS
TEMPERATURE RANGE -55 +125 -55 +125 -55 +125 °C
TEMPERATURE COEFFICIENTS

(Using Internal Reference)

(T t0 Tyax)

Dnipolar Offset +2 (5) 11 (2.5) +1(2.5) {LSB (ppm/°C)

Bipolar Offset 14 (10) 12 (5) +1(2.5) |LSB (ppm/°C)

Full-Scale Calibration 20 (50) 10 (25) +5 (12.5) | LSB (ppm/°C)
POWER SUPPLY REJECTION

Max Change in Full-Scale Calibration

Vec=15V+£15Vorl2 V0.6V 12 t1 t1 LSB

Viocic =5V 05V +172 1172 t1/2 LSB

Vee=-15V: 1.5Vor-12V 0.6V 12 t1 11 LSB
ANALOG INPUT

Input Ranges

Bipolar -5 +5 -5 +5 -5 +5 Volts

-10 +10 -10 +10 -10 +10 Volts

Unipolar 0 +10 0 +10 0 +10 Volis

\ 0 +20 0 +20 0 +20 Volts

Input Impedance

10 Volt Span 3 3 5 7 3 kQ

20 Volt Span 6 10 14 6 10 14 6 10 14 kQ
DIGITAL CHARAC’I_‘?RISTICS' (Trmnv-Tmax)

Inputs? (CE, CS, R/C, A,)

Logic “1” Voltage +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 "Volts

Logic “0” Voltage -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 Volts

Cufrent -20 +20 ~20 +20 -20 +20 A

Capacitance 5 5 5 pF

Output (DB11-DBO, STS)

Logic “1” Voltage (Isource < 500 pA) +2.4 +2.4 +2.4 Volts

Logic “0” Voltage (Ispvg S 1.6 mA) +0.4 +0.4 +0.4 Volts

Leakage (DB11-DBO, High-Z State) -20 +20 -20 +20 -20 +20 HA

Capacitance 5 5 5 pF
POWER SUPPLIES

Operating Range

Viosic +4.5 +5.5 +4.5 +5.5 +4.5 +5.5 Volts

Vee +11.4 +16.5 +11.4 +16.5 +11.4 +16.5 Volts

Vee -11.4 ~16.5 -11.4 -16.5 -11.4 -16.5 Volrts

Operating Current

ILocic 30 40 30 40 30 40 mA

Icc 2 5 2 5 2 5 mA

Ieg 18 30 18 30 18 30 mA
POWER DISSIPATION 390 725 390 725 390 725 mW
INTERNAL REFERENCE VOLTAGE 9.98 100  10.02 9.98 10.0 10.02 9.99 10.0 10.01 Volts

Oatput Current (Available for External Loads)® 1.5 1.5 1.5 mA

(External Load Should not Change Duting Conversion)

PACKAGE OPTION*

Ceramic (D-28) AD574ASD ADS5S74ATD AD574AUD

NOTES

‘Det_niled Timing Specifications appear in the Timing Section.
*12/8 Input is not TTL-compatible and must be hard wired to Vyogic or Digital Common.
*The reference should be buffered for operation on 12 V supplies.

*D = Ceramic DIP.
Specifications subject to change without notice.

REV. B
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+5VSUPPLY [ / 5] STATUS
Vioac 1 [ 128 15
DATA MODE SELECT [ > wes| {77 DBI1Y
12/8 N ] MsB
CHIP SELECT |3 [ CONTROL > |1
YTE ADDRESS/ g | ) 3|8 :Gl oore
B D
SHORT CYCLE |4 s 'é -EI bB9
READ/CONVERT [5] HP 24 oee
R/C T —
CHIP ENABIC.E E E ,l‘ -E ps7
#1215V SUPPLY [7] ole _g 086 | DIGTAL
10v REFERENVC‘: ’ L DATA
+ 8 oV H21] oBs | oue
\ REF OUT ule & urs
ANALOG COMMON [5 in
oN [®] = o ] 3 DB4
REFERENCE INPUT [3g]__uan uln M
REF N L0 HEk
. -12-15V SUPPLY [q3 E g 'E B2
Ver R
9.95k L
BIPOLAR OFFSET | s|e |l
BIP OFF s c 7] oet
10V SPAN INPUT 3 DBO
1ovy, |13 3 [Ls8 F116] s
5k3
20V SPAN INPUT T DIGITAL COMMON
20V, 2 L1856

AD574A Block Diagram and Pin Configuration

ABSOLUTE MAXIMUM RATINGS*
(Specifications apply to all grades, except where noted)

Vee to Digital Common  .................. 0Vto+16.5V Chip Temperature ..........ovvievirneernnnnnns 175°C
Vg to Digital Common ................... 0Vto-165V  Power Dissipation ..............ccovinvurenenn.. 825 mW
Vwoaic to Digital Common .................. 0Vto+7V  Lead Temperature (Soldering, 10sec). ............ +300°C
Analog Common to Digital Common ............... 1V Storage Temperature (Ceramic) .......... —65°C to +150°C
Control Inputs (CE, CS, Ay 12/8, R/C) to (Plastic) ......ccivviviinnnininnn, —25°C to +100°C
Digital Common .............. 0.5V toViogic+0.5V *Stresses above those listed under “Absolute Maximum Ratings” may cause
ermanent damage to the device. This is a stress rating only and functional
An‘:lr:; %ot%lg:nfnkilz IN, BIP OFF, 10 Vi) to Ve 10 Vee gperat%on of the §:ﬁce at t]*{ese orany of.herf:ondiu'ons a.bol:'i thosyeindicatcdinthe
""""""""""""" operational sections of this specification is not implied. Exposure to absolute
20 Viyto Analog Common ..........oviuiinan.., 124V maximum rating conditions for extended periods may affect device reliability.
REFOUT .........ccovvnnnn. Indefinite Short to Common
Momentary Short to Ve
ORDERING GUIDE
Resolution Max
Temperature Linearity Error No Missing Codes | Full Scale
Model! Range Max (Tan t0 Tyax) | (T to Tamax) T.C. (ppm/°C)
AD574AJ(X) 0°C to +70°C 11 LSB 11 Bits 50.0
AD574AK(X) 0°C to +70°C 11/21SB 12 Bits 27.0
ADST74ALX) 0°C to +70°C 11/21SB 12 Bits 10.0
AD574AS(X)2 —55°C to +125°C | £1 LSB 11 Bits 50.0
AD574AT(X)2 -55°C to +125°C | t1 LSB 12 Bits 25.0
AD574AU(X)2 -55°Cto +125°C | £t1 LSB 12 Bits 12,5
3 NOTES

'X = Package designator. Available packages are: D (D-28) for all grades. E (E-28A) for J and K grades and /883B processed S, T
and U grades. N (N-28) for J, K, and L grades. P (P-28A) for PLCC in ], K grades. Example: AD574AKN is K grade in plastic DIP.
?For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices Military Products

Databook.
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THE AD574A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING

TEMPERATURE RANGE

DEFINITIONS OF SPECIFICATIONS

LINEARITY ERROR

Linedrity error refers to the deviation of each individual code
from a line drawn from “zero” through “full scale”. The point
used as “zero” occurs 1/2 LSB (1.22 mV for 10 volt span) be-
fore the first code transition (all zeros to only the LSB “on”).
“Full scale” is defined as a level 1 1/2 LSB beyond the last code
transition (to all ones). The deviation of a code from the true
straight line is measured from the middle of each particula
code, :

The AD574AK, L, T, and U grades are guaranteed for maxi-
mum nonlinearity of +1/2 LSB. For these grades, this means
that an analog value which falls exactly in the center of a given
code width will result in the correct digital output code. Values
nearer the upper or lower transition of the code width may pro-
duce the next upper or lower digital output code. The AD574A]
and S grades are guaranteed to £1 LSB max error. For these
grades, an analog value which falls within a given code width
will result in either the correct code for that region or either
adjacent one.

Note that the linearity error is not user-adjustable.

DIFFERENTIAL LINEARITY ERROR (NO MISSING
CODES)

A specification which guarantees no missing codes requires that
every code combination appear in a monotonic increasing se-
quence as the analog input level is increased. Thus every code
must have a finite width. For the AD574AK, L, T, and U
grades, which guarantee no missing codes to 12-bit resolution,
all 4096 codes must be present over the entire operating tem-
perature ranges. The AD574AJ and S grades guarantee no miss-
ing codes to 11-bit resolution over temperature; this means that
all code combinations of the upper 11 bits must be present; in
practice very few of the 12-bit codes are missing.

UNIPOLAR OFFSET

The first transition should occur at a level 1/2 LSB above analog
common. Unipolar offset is defined as the deviation of the actual
transition from that point. This offset can be adjusted as discussed
on the following two pages. The unipolar offset temperature
coefficient specifies the maximum change of the transition point
over temperature, with or without external adjustment.

BIPOLAR OFFSET

In the bipolar mode the major carry transition (0111 1111 1111
to 1000 0000 0000) should occur for an analog value 1/2 LSB
below analog common. The bipolar offset error and temperature
coefficient specify the initial deviation and maximum change in
the error over temperature.
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QUANTIZATION UNCERTAINTY

Analog-to-digital converters exhibit an inherent quantization
uncertainty of +1/2 LSB. This uncertainty is a fundamental
characteristic of the quantization process and cannot be reduced
for a converter of given resolution.

LEFT-JUSTIFIED DATA
The data format used in the AD574A is left-justified. This
means that the data represents the analog input as a fraction of

4095
full-scale, ranging from 0 to 2096 This implies a binary point
to the left of the MSB.

FULL-SCALE CALIBRATION ERROR

The last transition (from 1111 1111 1110 to 1111 1111 1111)
should occur for an analog value 1 1/2 LSB below the nominal
full scale (9.9963 volts for 10.000 volts full scale). The full-scale
calibration error is the deviation of the actual level at the last
transition from the ideal level. This error, which is typically
0.05% to 0.1% of full scale, can be trimmed out as shown in
Figures 3 and 4.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full-scale calibration, unipolar
offset, and bipolar offset specify the maximum change from the
initial (25°C) value to the value at Ty or Tumax.

POWER SUPPLY REJECTION

The standard specifications for the AD574A assume use of
+5.00 V and £15.00 V or £12.00 V supplies. The only effect of
power supply error on the performance of the device will be a
small change in the full-scale calibration. This will result in a
linear change in all lower order codes. The specifications show
the maximum full-scale change from the initial value with the
supplies at the various limits.

CODE WIDTH

A fundamental quantity for A/D converter specifications is the
code width. This is defined as the range of analog input values
for which a given digital output code will occur. The nominal
value of a code width is equivalent to 1 least significant bit
(LSB) of the full-scale range or 2.44 mV out of 10 volts for a
12-bit ADC.
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CIRCUIT OPERATION

The AD574A is a complete 12-bit A/D converter which requires
no external components to provide the complete successive-

approximation analog-to-digital conversion function. A block

diagram of the AD574A is shown in Figure 1.

+6V SUPPLY ./ STATUS
Viowe E I E 8T8
DATA MODE SELECT > [usnl 371 DB11
o e 2
cHp seLECT [3 _r CONTROL 1 . 3 Hzg osto
BYTE ADDRESS/ l B
SHORT CYCLE 4 s| b [f2el oee
T
READ/CONVERT [ Al A Hz24) oBa
RIE T —
cnrema(n:.g s El n H2d oer
ol !
S 21V SUPPLY [7 1] g DB6 | DIGITAL
e T|B DATA
+10V REFERENCE [ %] E H21] oss | outputs
REF OUT e
ANALOG COMMON [} 20) oBs
AC B —
Rennzucsag:tﬂ' E g plc [19] oB3
-12/-16V SUPPLY fle
il E E E 18] oB2
BIPOLAR OFFSET 31 % s|E
Bip OFF LW c 17] ot
D80
10V BPAN INPUT f55 o8 Hie] 252
20V SPAN INPUT [7q 3 DIGITAL COMMON
v, (14 ADST4A |12 5] oc

Figure 1. Block Diagram of AD574A 12-Bit A-to-D Converter

When the control section is commanded to initiate a conversion
(as described later), it enables the clock and resets thesuccessive-
approximation register (SAR) to all zeros. Once a conversion
cycle has begun, it cannot be stopped or restarted and data is
not available from the output buffers. The SAR, timed by the
clock, will sequence through the conversion cycle and return an
end-of-convert flag to the control section. The control section
will then disable the clock, bring the output status flag low, and
enable control functions to allow data read functions by external
command.

During the conversion cycle, the internal 12-bit current output
DAC is sequenced by the SAR from the most significant bit
(MSB) to least significant bit (LSB) to provide an output cur-
rent which accurately balances the input signal current through
the 5 kQ (or 10 k) input resistor. The comparator determines
whether the addition of each successively-weighted bit current
causes the DAC current sum to be greater or less than the input
current; if the sum is less, the bit is left on; if more, the bitis
turned off. After testing all the bits, the SAR contains a 12-bit
binary code which accurately represents the input signal to
within £1/2 LSB.

The temperature-compensated buried Zener reference provides
the primary voltage reference to the DAC and guarantees excel-
lent stability with both time and temperature. The reference is
trimmed to 10.00 volts £0.2%; it can supply up to 1.5 mA to an
external load in addition to the requirements of the reference in-
put resistor (0.5 mA) and bipolar offset resistor (1 mA) when
the AD574A is powered from £15 V supplies. If the AD574A is
used with £12 V supplies, or if external current must be sup-
plied over the full temperature range, an external buffer ampli-
fier is recommended. Any external load on the AD574A
reference must remain constant during conversion. The
thin-film application resistors are trimmed to match the
full-scale output current of the DAC. There are two 5 kQ input
scaling resistors to allow either a 10 volt or 20 volt span. The

10 kQ bipolar offset resistor is grounded for unipolar operation
and connected to the 10 volt reference for bipolar operation.

—-6-
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DRIVING THE AD574 ANALOG INPUT

The internal circuitry of the AD574 dictates that its analog
input be driven by a low source impedance. Voltage changes at
the current summing node of the internal comparator result in
abrupt modulations of the current at the analog input. For accu-
rate 12-bit conversions the driving source must be capable of
holding a constant output voltage under these dynamically
changing load conditions.

FEEDBACK TO AMPLIFIER
Vs

ADS74A
CURRENT
P 2 flw CURRENT
+———— UTPUT
i I8 MODULATED BY Towe ” best
CHANGES IN TEST CURRENT. COMPARATOR
AMPLIFIER PULSE LOAD
RESPONSE LINTED BY
OPEN LOOP OUTPUT IMPEDANCE.
ANALOG COMMON SAR

Figure 2. Op Amp - AD574A Interface

The output impedance of an op amp has an open-loop value
which, in a closed loop, is divided by the loop gain available at
the frequency of interest. The amplifier should have acceptable
loop gain at 500 kHz for use with the AD574A. To check
whether the output properties of a signal source are suitable,
monitor the AD574’s input with an oscilloscope while a conver-
sion is in progress. Each of the 12 disturbances should subside
in 1 ps or less.

For applications involving the use of a sample-and-hold ampli-
fier, the AD585 is recommended. The AD711 or AD544 op
amps are recommended for dc applications.

SAMPLE-AND-HOLD AMPLIFIERS

Although the conversion time of the AD574A is a maximum of
35 ps, to achieve accurate 12-bit conversions of frequencies
greater than a few Hz requires the use of a sample-and-hold
amplifier (SHA). If the voltage of the analog input signal driving
the AD574A changes by more than 1/2 LSB over the time

interval needed to make a conversion, then the input requires a
SHA.

The ADS585 is a high linearity SHA capable of directly driving
the analog input of the AD574A. The AD585’s fast acquisition
time, low aperture and low aperture jitter are ideally suited for
high-speed data acquisition systems. Consider the AD574A
converter with a 35 s conversion time and an input signal of
10 V p-p: the maximum frequency which may be applied to
achieve rated accuracy is 1.5 Hz. However, with the addition of
an AD585, as shown in Figure 3, the maximum frequency
increases to 26 kHz,

The AD585’s low output impedance, fast-loop response, and
low droop maintain 12-bits of accuracy under the changing load
conditions that occur during a conversion, making it suitable for
use in high accuracy conversion systems. Many other SHAs
cannot achieve 12-bits of accuracy and can thus compromise a
system. The AD585 is recommended for AD574A applications
requiring a sample and hold.

An alternate approach is to use the AD1674, which combines
the ADC and SHA on one chip, with a total throughput time of
10 ps.
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NOTE
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Figure 3. AD574A with AD585 Sample and Hold

SUPPLY DECOUPLING AND LAYOUT
CONSIDERATIONS

It is critically important that the AD574A power supplies be fil-
tered, well regulated, and free from high frequency noise. Use of
nojsy supplies will cause unstable output codes. Switching
power supplies are not recommended for circuits attempting to
achieve 12-bit accuracy unless great care is used in filtering any
switching spikes present in the output. Remember that a few
millivolts of noise represents several counts of error in a 12-bit
ADC.

Decoupling capacitors should be used on all power supply pins;
the +5 V supply decoupling capacitor should be connected
directly from Pin 1 to Pin 15 (digital common) and the +Vc
and ~Vgg pins should be decoupled directly to analog common
(Pin 9). A suitable decoupling capacitor is a 4.7 yF tantalum
type in parallel with a 0.1 pF disc ceramic type. ’

Circuit layout should attempt to locate the AD574A, associated
analog input circuitry, and interconnections as far as possible
from logic circuitry. For this reason, the use of wire-wrap circuit
construction is not recommended. Careful printed circuit con-
struction is preferred.

GROUNDING CONSIDERATIONS

The analog common at Pin 9 is the ground reference point for
the internal reference and is thus the “high quality” ground for
the AD574A4,; it should be connected directly to the analog refer-
ence point of the system. In order to achieve all of the high
accuracy performance available from the AD574A in an envi-
ronment of high digital noise content, the analog and digital
commons should be connected together at the package. In some
situations, the digital common at Pin 15 can be connected to
the most convenient ground reference point; analog power
return is preferred.

UNIPOLAR RANGE CONNECTIONS FOR THE AD574A
The AD574A contains all the active components required to
perform a complete 12-bit A/D conversion. Thus, for most situ-
ations, all that is necessary is connection of the power supplies
(+5V, +12 V/+15 V and -12 V/-15 V), the analog input, and
the conversion initiation command, as discussed on the next
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page. Analog input connections and calibration are easily ac-
complished; the unipolar operating mode is shown in Figure 4.

OFFSET
R1
100k
~12V/-16V O—MF\«—O +12v/15V
4

L
100k <

1000
0TO +10V

ANALOG
INPUTS

0TO +20V

Figure 4. Unipolar Input Connections

All of the thin-film application resistors of the AD574A are
trimmed for absolute calibration. Therefore, in many applica-
tions, no calibration trimming will be required. The absolute
accuracy for each grade is given in the specification tables.

For example, if no trims are used, the AD574AK guarantees

11 LSB max zero offset error and £0.25% (10 LSB) max
full-scale error. (Typical full-scale error is +2 LSB.) If the offset
trim is not required, Pin 12 can be connected directly to Pin 9;
the two resistors and trimmer for Pin 12 are then not needed. If
the full-scale trim is not needed, a 50 Q + 1% metal film resistor
should be connected between Pin 8 and Pin 10.

(9)anacom Dic com (15)

The analog input is connected between Pin 13 and Pin 9 for a

0 Vto +10 V input range, between 14 and Pin 9 fora 0 V to
+20 V input range. The AD574A easily accommodates an input
signal beyond the supplies. For the 10 volt span input, the LSB
has a nominal value of 2.44 mV; for the 20 volt span, 4.88 mV.
If a 10.24 V range is desired (nominal 2.5 mV/bit), the gain
trimmer (R2) should be replaced by a 50 Q resistor, and a

200 © rimmer inserted in series with the analog input to Pin 13
for a full-scale range of 20.48 V (5 mV/bit), use a 500 Q trim-
mer into Pin 14. The gain trim described below is now done
with these trimmers. The nominal input impedance into Pin 13
is 5 kQ, and 10 kQ into Pin 14.

UNIPOLAR CALIBRATION

The AD574A is intended to have a nominal 1/2 LSB offset so
that the exact analog input for a given code will be in the middle
of that code (halfway between the transitions to the codes above
and below it). Thus, the first transition (from 0000 0000 0000
to 0000 0000 0001) will occur for an input level of +1/2 LSB
(1.22 mV for 10 V range).

If Pin 12 is connected to Pin 9, the unit will behave in this man-
ner, within specifications. If the offset trim (R1) is used, it
should be trimmed as above, although a different offset can be
set for a particular system requirement. This circuit will give ap-
proximately +15 mV of offset trim range.
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The full-scale trim is done by applying a signal 1 1/2 LSB below
the nominal full scale (9.9963 for a 10 V range). Trim R2 to
give the last transition (1111 1111 1110to 1111 1111 1111),

BIPOLAR OPERATION

The connections for bipolar ranges are shown in Figure 5.
Again, as for the unipolar ranges, if the offset and gain specifica-
tions are sufficient, one or both of the trimmers shown can be
replaced by a 50 Q + 1% fixed resistor. Bipolar calibration is
similar to unipolar calibration. First, a signal 1/2 LSB above
negative full scale (—4.9988 V for the £5 V range) is applied and
R1 is trimmed to give the first transition (0000 0000 0000 to
0000 0000 P001). Then a signal 1 1/2 LSB below positive full
scale (+4.9963 V the +5 V range) is applied and R2 wrimmed to
give the last transition (1111 11111110 to 1111 1111 1111).

Figure 5. Bipolar Input Connections

CONTROL LOGIC

‘The AD574A contains on-chip logic to provide conversion ini-

tiation and data read operations from signals commonly avail-
able in microprocessor systems. Figure 6 shows the internal
logic circuitry of the AD574A.

The control signals CE, CS, and R/C control the operation of
the converter. The state of R/C when CE and CS are both
asserted determines whether a data read (R/C = 1) or a convert
(R/C 0) is in progress. The register control inputs Ag and
12/8 control conversion length and data format. The Ag line is
usually tied to the least significant bit of the address bus. If a
conversion is started with Ag low, a full 12-bit conversion cycle
is initiated. If Ag is high during a convert start, a shorter 8-bit
conversion cycle results. During data read operations, Aq deter-
mines whether the three-state buffers containing the 8 MSBs of
the convérsion result (Ag = 0) or the 4 LSBs (Ao =1) are
enabled. The 12/8 pin determines whether the output data is

to be organized as two 8-bit words (12/8 tied to DIGITAL
COMMON) or a single 12-bit word (12/8 tied to Vioaic)- The
12/8 pin is not TTL~compatible and must be hard-wired to
either Vwcxc or DIGITAL COMMON. In the 8-bit mode, the
byte addressed when Ag is high contains the 4 LSBs from the
conversion followed by four trailing zeroes. This organization
allows the data lines to be overlapped for direct interface to
8-bit buses without the need for external three-state buffers,

It is not recommended that Ag change state during a data read
operation. Asymmetrical enable and disable times of the
three-state buffers could cause internal bus contention resulting
in potential damage to the AD574A.

141

ETART CONVERT
STATUS <1 LOW IF CONVERSION
<}
_ iN PROGRESS
RC —y -q-—\cow:m
cE 1./
cs
VALUE OF A0
\a AT LAST CONVERT
a0 = COMMAND
READ 1 €ocs | From
€0ct2{ HOTE 1
_ NIBBLE A, B,
.- ENABLE
(NOTE2) NIBBLEC 0 OUTPUT
ENABLE BUFFERS
NIBBLEB = O
ENABLE

NOTE 1: WHEN START CONVERT GOES LOW, THE EOC (END OF CONVERSION) SIGNALS GO LOW,
E0C8 RETURNS HIGH AFTER AN 8-BIT CONVERSION CYCLE IS COMPLETE, AND EOC12
RETUANS HIGH WHEN ALL 12-BIT8 HAVE BEEN CONVERTED. THE EOC SIGNALS PREVENT
DATA FROM BEING READ DURING CONVERSIONS.
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Figure 6. AD574A Control Logic

An output signal, STS, indicates the status of the converter.
STS goes high at the beginning of a conversion and returns low
when the conversion cycle is complete.

Table I. AD574A Truth Table

CE|CS | RIC|12/8 Ao | Operation

0 | X 11X |X X | None

X |1 X [X X | None

1 10 |0 (X 0 | Initate 12-Bit Conversion

1 (0 |0 X 1 Initiate 8-Bit Conversion

1 [0 [1 |Pinl |X | Enable 12-Bit Parallel Output

1 (0 1 Pin 15|10 Enable 8 Most Significant Bits

1 |0 1 Pin 15(1 Enable 4 LSBs + 4 Trailing Zeroes
TIMING

The AD574A is easily interfaced to a wide variety of micropro-
cessors and other digital systems. The following discussion of
the timing requirements of the AD574A control signals should
provide the system designer with useful insight into the opera-
tion of the device.

Table II. Convert Start Timing—Full Control Mode

Symbol | Parameter Min Typ Max | Units
tpsc STS Delay from CE 400 | ns
tuec CE Pulse Width 300 ns
Tssc CS to CE Setup 300 ns
tusc CS Low During CE High | 200 ns
tsre R/C to CE Setup 250 ns
thRC R/C Low During CE High | 200 ns
tsac Ao to CE Setup 0 ns
tHAC Ao Valid During CE High | 300 ns
tc Conversion Time

8-Bit Cycle 10 24 s

12-Bit Cycle 15 35 s
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Figure 7 shows a complete timing diagram for the AD574A con-
vert start operation. R/C should be low before both CE and CS
are asserted; if R/C is high, a read operation will momentarily
occur, possibly resulting in system bus contention. Either CE or
[ may be used to initiate a conversion; however, use of CE is
recommended since it includes one less propagation delay than
CS and is the faster input. In Figure 7, CE is used to initiate the
conversion.

ce ]E-Tgc———'L
R
Ao lncE————tnAc—a
w18 1 §
- o T tc
0811-080 - HIGH IMPEDANCE

Figure 7. Convert Start Timing

Once a conversion is started and the STS line goes high, convert
start commands will be ignored until the conversion cycle.is
complete. The output data buffers cannot be enabled during
conversion,

Figure 8 shows the titning for data read operations. During data
read operations, access time is measured from the point where
CE and R/C both are high (assuming CS is already low). If CS
is used to enable the device, access time is extended by 100 ns.

&

—lﬂ-'m.-
L1 __k;:

Ao E'.m 'w...;
(11
WO
HIGH X oATA HIGH
08110680
MPEDANCE VALID [l

[ee—10D HE

Figure 8. Read Cycle Timing

In the 8-bit bus interface mode (12/8 input wired to DIGITAL
COMMON), the address bit, Ag, must be stable at least 150 ns
prior to CE going high and must remain stable during the entire
read cycle. If A, is allowed to change, damage to the AD574A
output buffers may result.

1
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Table III. Read Timing—Full Control Mode

Symbol | Parameter Min Typ Max |Units
top’ Access Time (from CE) 200 |ns
tup Data Valid After CE Low | 25 ns
ta? Output Float Delay 100 |ns
tssr CS 1o CE Setup 150 ns
tsrr R/C to CE Setup 0 ns
tSAR Ao to CE Setup 150 ns
tusr CS Valid After CE Low 50 ns
THRR R/C High After CE Low 0 ns
tHAR Ao Valid After CE Low 50 ns
NOTES

Ytpp is measured with the load circuit of Figure 9 and defined as the time
required for an output to cross 0.4 Vor2.4 V.
2ty is defined as the time required for the data lines to change 0.5 V when

loaded with the circuit of Figure 10.
+5V
3%
DBy 08y
% * II 100pF I 100pF

a. High-Zto Logic 1 b. High-Z to Logic 0
Figure 9. Load Circuit for Access Time Test

a. Logic 1to High-Z b. Logic 0 to High-Z
Figure 10. Load Circuit for Output Float Delay Test

“STAND-ALONE” OPERATION

The AD574A can be used in a “stand-alone” mode, which is
useful in systems with dedicated input ports available and thus
not requiring full bus interface capability.

In this mode, CE and 12/8 are wired high, CS and A are wired
low, and conversion is controlled by R/C. The three-state buff-
ers are enabled when R/C is high and a conversion starts when
R/C goes low. This allows two possible control signals—a high
pulse or a low pulse. Operation with a low pulse is shown in
Figure 11. In this case, the outputs are forced into the high
impedance state in response to the falling edge of RIC and return

v
o F"’"?,‘
= =

| S

i
I -—l I-—-'m
D811-080 3::3 Han-2 & vatavacio
R S
|
Figure 11. Low Pulse for RIC—Outputs Enabled After

Conversion
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to valid logic levels after the conversion cycle is completed. The
STS line goes high 600 ns after R/C goes low and returns low
300 ns after data is valid.

If conversion is initiated by a high pulse as shown in Figure 12,
the data lines are enabled during the time when R/C is high.
The falling edge of R/C starts the next conversion, and the data
lines return to three-state (and remain three-state) until the next
high pulse of R/C.

—\
“/E_/_-\,
wan tm—.i
i Vo
o ] | “ ’
081108 wonz F oama HIGHZ
VALID
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Figure 12. High Pulse for RIC—Outputs Enabled While R/C
High, Otherwise High-Z

Table IV. Stand-Alone Mode Timing

Symbol | Parameter Min Typ Max | Units
tHRL Low R/C Pulse Width 250 ns
tps STS Delay from R/C 600 | ns
tuor Data Valid After R'C Low |25 ns
o Output Float Delay 150 | ns
tys STS Delay After Data Valid | 300 1000 | ns
tury High R/C Pulse Width 300 ns
tbDR Data Access Time 250 | ns

Usually the low pulse for R/C stand-alone mode will be used.
Figure 13 illustrates a typical stand-alone configuration for 8086
type processors. The addition of the 74F/S374 latches improves
bus access/release times and helps minimize digital feedthrough
to the analog portion of the converter.
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Figure 13. 8086 Stand-Alone Configuration

INTERFACING THE AD574A TO MICROPROCESSORS
The control logic of the AD574A makes direct connection to
most microprocessor system buses possible. While it is impos-
sible to describe the details of the interface connections for every
microprocessor type, several representative examples will be
described here.

210-
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GENERAL A/D CONVERTER INTERFACE
CONSIDERATIONS

A typical A/D converter interface routine involves several
operations. First, a write to the ADC address initiates a conver-
sion. The processor must then wait for the conversion cycle to
complete, since most ADCs take longer than one instruction
cycle to complete a conversion. Valid data can, of course, only
be read after the conversion is complete. The AD574A provides
an output signal (STS) which indicates when a conversion is in
progress. This signal can be polled by the processor by reading
it through an external three-state buffer (or other input port).
The STS signal can also be used to generate an interrupt upon
completion of conversion, if the system timing requirements are
critical (bear in mind that the maximum conversion time of the
AD574A is only 35 microseconds) and the processor has other
tasks to perform during the ADC conversion cycle. Another
possible time-out method is to assume that the ADC will take
35 microseconds to convert, and insert a sufficient number of
“do-nothing” instructions to ensure that 35 microseconds of
processor time is consumed.

Once it is established that the conversion is finished, the data
can be read. In the case of an ADC of 8-bit resolution (or less),
a single data read operation is sufficient. In the case of convert-
ers with more data bits than are available on the bus, a choice of
data formats is required, and multiple read operations are needed.
The AD574A includes internal logic to permit direct interface
to 8-bit or 16-bit data buses, selected by connection of the 12/8
input. In 16-bit bus applications (12/8 high) the data lines
(DB11 through DB0) may be connected to either the 12 most
significant or 12 least significant bits of the data bus. The re-
maining four bits should be masked in software. The interface
to an 8-bit data bus (12/8 low) is done in a left-justified format.
The even address (A0 low) contains the 8 MSBs (DB11 through
DB4). The odd address (A0 high) contains the 4 LSBs (DB3
through DBO) in the upper half of the byte, followed by four
trailing zeroes, thus eliminating bit masking instructions.

It is not possible to rearrange the AD574A data lines for right
justified 8-bit bus interface.

D7

e - il Kl il Bl Bl
gl K - B R

Figure 14. AD574A Data Format for 8-Bit Bus

SPECIFIC PROCESSOR INTERFACE EXAMPLES

Z-80 System Interface

The AD574A may be interfaced to the Z-80 processor in an I/Q
or memory mapped configuration. Figure 15 illustrates an I/O
or mapped configuration. The Z-80 uses address lines A0-A7 to
decode the I/O port address.

An interesting feature of the Z-80 is that during I/O operations a
single wait state is automatically inserted, allowing the AD574A
to be used with Z-80 processors having clock speeds up to 4MHz.
For applications faster than 4 MHz use the wait state generator
in Figure 16. In a memory mapped configuration the AD574A
may be interfaced to Z-80 processors with clock speeds of up to
2.5 MHz.
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Figure 15. Z80—AD574A Interface

7400

Note: Due to the large number of options that may be installed
in the PC, the IO bus loading should be limited to one Schottky
TTL load. Therefore, a buffer/driver should be used when inter-
facing more than two AD574As to the I/O bus.

8086 Interface _

The data mode select pin (12/8) of the AD574A should be con-
nected to Vi ocic to provide a 12-bit data output. To prevent
possible bus contention, a demultiplexed and buffered address/
data bus is recommended. In the cases where the 8-bit short
conversion cycle is not used, A0 should be tied to digital com-
mon. Figure 18 shows a typical 8086 configuration,

+5V +5V
[ S
wMREQ 1D Q D Q
7474 7474
0" c a ;..J C a
R R
+5v . IV

Figure 16. Wait State Generator

IBM PC Interface

The AD574A appears in Figure 17 interfaced to the 4 MHz
8088 processor of an IBM PC. Since the device resides in I/O
space, its address is decoded from only the lower ten address
lines and must be gated with AEN (active low) to mask out in-
ternal DMA cycles which use the same I/O address space. This
active low signal is applied to CS. TOR and TOW are used to
initiate the conversion and read, and are gated together to drive
the chip enable, CE. Because the data bus width is limited to

8 bits, the AD574A data resides in two adjacent addresses
selected by AQ.
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= ADDRESS
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Figure 18. 8086—AD574A with Buffered Bus Interface

For clock speeds greater than 4 MHz wait state insertion similar
to Figure 16 is recommended to ensure sufficient CE and R/C
pulse duration.

The AD574A can also be interfaced in a stand-alone mode (see
Figure 13). A low going pulse derived from the 8086’s WR sig-
nal logically ORed with a low address decode starts the conver-
sion. At the end of the conversion, STS clocks the data into the
three-state latches.

68000 Interface

The AD574, when configured in the stand-alone mode, will eas-
ily interface to the 4 MHz version of the 68000 microprocessor.
The 68000 R/W signal combined with a low address decode ini-
tiates conversion. The UDS or LDS signal, with the decoded
address, generates the DTACK input to the processor, latching
in the AD574A’s data. Figure 19 illustrates this configuration.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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Low Level,
True RMS-to-DC Converter

AD636

FEATURES
True RMS-to-DC Conversion
200 mV Full Scale
Laser-Trimmed to High Accuracy
0.5% max Error (AD636K)
1.0% max Error (AD636J)
Wide Response Capability:
Computes RMS of AC and DC Signals
1 MHz -3 dB Bandwidth: V RMS>100 mV
Signal Crest Factor of 6 for 0.5% Error
dB Output with 50 dB Range
Low Power: 800 pA Quiescent Current
Single or Dual Supply Operation
Monolithic Integrated Circuit
Low Cost
Available in Chip Form

PRODUCT DESCRIPTION

The AD636 is a low power monolithic IC which performs true
rms-to-dc conversion on low level signals. It offers performance
which is comparable or superior to that of hybrid and modular
converters costing much more. The AD636 is specified for a sig-
nal range of 0 mV to 200 mV rms, Crest factors up to 6 can be
accommodated with less than 0.5% additional error, allowing
accurate measurement of complex input waveforms.

The low power supply current requirement of the AD636, typi-
cally 800 pA, allows it to be used in battery-powered portable
instruments. A wide range of power supplies can be used, from
2.5V to£16.5 V or a single +5 V to +24 V supply. The input
and output terminals are fully protected; the input signal can
exceed the power supply with no damage to the device (allowing
the presence of input signals in the absence of supply voltage)
and the output buffer amplifier is short-circuit protected.

The AD636 includes an auxiliary dB output. This signal is de-
rived from an internal circuit point which represents the loga-
rithm of the rms output. The 0 dB reference level is set by an
externally supplied current and can be selected by the user
to correspond to any input level from 0 dBm (774.6 mV) to
-20 dBm (77.46 mV). Frequency response ranges from 1.2 MHz
ata 0 dBm level to over 10 kHz at —50 dBm.

The AD636 is designed for ease of use. The device is factory-
rimmed at the wafer level for input and output offset, positive
and negative waveform symmetry (dc reversal error), and full-
scale accuracy at 200 mV rms. Thus no external trims are re-

quired to achieve full-rated accuracy.

AD636 is available in two accuracy grades; the AD636] total
error of £0.5 mV +0.06% of reading, and the AD636K
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“H” Package
(TO-100)

“D” Package
(TO-116)

ol
Euc
Euc
Enc
oy
o

is accurate within £0.2 mV to £0.3% of reading. Both versions
are specified for the 0°C to +70°C temperature range, and are
offered in either a hermetically sealed 14-pin DIP or a 10-pin
TO-100 metal can. Chips are also available,

PRODUCT HIGHLIGHTS

1. The AD636 computes the true root-mean-square of a com-
plex ac (or ac plus dc) input signal and gives an equivalent dc
output level. The true rms value of a waveform is a more
useful quantity than the average rectified value since it is a
measure of the power in the signal. The rms value of an
ac-coupled signal is also its standard deviation.

2. The 200 millivolt full-scale range of the AD636 is compatible
with many popular display-oriented analog-to-digital con-
verters. The low power supply current requirement permits
use in battery powered hand-held instruments.

3. The only external component required to perform measure-
ments to the fully specified accuracy is the averaging capaci-
tor. The value of this capacitor can be selected for the desired
trade-off of low frequency accuracy, ripple, and settling time.

4. The on-chip buffer amplifier can be used to buffer either the
input or the output. Used as an input buffer, it provides ac-
curate performance from standard 10 MQ input attenuators.
As an output buffer, it can supply up to 5 milliamps of out-
put current,

5. The AD636 will operate over a wide range of power supply
voltages, including single +5 V to + 24 V or split £2.5 V to
116.5 V sources. A standard 9 V battery will provide several
hundred hours of continuous operation.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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ADG3B_SPEC I FI CATI 0 NS (@ +25°C, and +Vs = +3 V, -V5 = -§ V, unless otherwise noted)

Model AD636] AD636K
Min Typ Max Min Typ Max Units
TRANSFER FUNCTION VouT =w/avg. (Vin)? VouUT = yavs. (VIN)?
CONVERSION ACCURACY
Total Error, Internal Trim"? *0.5 +1.0 +0:2 £0.5 mV 1% of Reading
vs: Temperature, 0°C to +70°C 10.1£0.01 10.110.005 | mV % of Reading/°C
vs. Supply Voltage 10.110.01 10.1 £0.01 mV 1% of Reading/V
de Reversal Error at 200 mV 10.2 10.1 % of Reading
Total Error, External Trim! $0.310.3 $0.110.2 mV t% of Reading
ERROR VS. CREST FACTOR?
Crest Factor 1 to 2 Specified Accuracy Specified Accuracy
Crest Factor = 3 -0.2 -0.2 ‘| % of Reading
Crest Factor = 6 0.5 -0.5 % of Reading
AVERAGING TIME CONSTANT 25 25 ms/uF CAV
INPUT CHARACTERISTICS
Signal Range, All Supplies
Cbntinuous rms Level 0to200 - 0 to 200 mV rms
Peak Transient Inputs
+3V, -5V Supply 2.8 +2.8 V pk
12.5 V Supply 12.0 12.0 V pk
15V Supply +5.0 15.0 V pk
Maximum Continuous Nondestructive
Input Level (All Supply Voltages) t12 112 V pk
Input Resistance 5.33 6.67 8 533 6.67 8 kQ
Input Offset Voltage $0.5 0.2 mV
FREQUENCY RESPONSE?® ¢
Bandwidth for 1% Additional Error (0.09 dB)
V=10 mV 14 14 kHz
Vin = 100 mV 90 90 kHz
Vi =200 mV 130 130 kHz
13 dB Bandwidth
Vi =10 mV 100 100 kHz
Vi = 100 mV 900 900 MHz
Vi = 200 mV 1.5 1.5 MHz
OUTPUT CHARACTERISTICS?
Offset Voltage, Vv = COM +0.5 +0.2 mV
vs. Temperature 110 *10 uv/r°C
vs. Supply 10.1 10.1 mV/V
Voltage Swing
+3V, -5V Supply 0.3 0to+1.0 0.3 0to+1.0 \%
*5Vto116.5V Supply 0.3 0to+1.0 0.3 Oto +1.0 \Y%
Output Impedance 8 10 12 8 10 12 kQ
dB OUTPUT ’
Error, Viy = 7 mV to 300 mV rms 10.3 +0.5 10.1 *0.2 dB
Scale Factor -3.0 -3.0 mV/dB
Scale Factor Temperature Coefficient +0.33 +0.33 % of Reading/°C
-0.033 -0.033 dB/°C
Ippr for 0 dB = 0.1 V rms 2 4 8 2 4 8 A
Tnay Range 1 50 1 50 uA
Iour TERMINAL .
ILour Scale Factor 100 100 WAV rms
Iour Scale Factor Tolerance -20 110 +20 -20 110 +20 %
Output Resistance 8 10 12 8 10 12 kQ
Vottage Compliance -Vg to (+Vs ~Vs to (+Vg
BUFFER AMPLIFIER
Input and Output Voltage Range -Vsto (+Vs -Vs to (+Vg
-2V) -2V) \%
Input Offset Voltage, Rg = 10k 10.8 +2 10.5 +1 mV
Input Bias Current 100 300 100 300 DA
Input Resistance 108 108 Q
Output Current (+5 mA, (+5 mA,
-130 pA) ~-130 pA)
Short Circuit Current 20 20 mA
Small Signal Bandwidth H 1 MHz
Slew Rate® 5 5 Vips
POWER SUPPLY
Voltage, Rated Performance +3, -5 . +3,-5 v
Dual Supply +2,-2.5 116.5 +2,-2.5 116.5 \Y%
Single Supply +5 +24 +5 +24 \Y
Quiescent Current® 0.80 1.00 0.80 1.00 mA
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Model AD636] AD636K
Min Typ Max Min Typ Max Units
TEMPERATURE RANGE
Rated Performance 0 +70 0 +70 °C
Storage 55 +150 55 +150 °C
TRANSISTOR COUNT 62 62
NOTES

'Accuracy specified for 0 mV to 200 mV rms, dc or 1 kHz sine wave input. Accuracy is degraded at higher rms signal levels.

IMeasured at Pin 8 of DIP (Igyr), with Pin 9 tied to common.

*Error vs. crest factor is specified as additional error for a 200 mV rms rectangular pulse trim, pulse width = 200 ps.

’WPm voltages are expressed in volts rms.
th 10 kQ pull down resistor from Pin 6 (BUF OQUT) to -V,
%With BUF input tied to Common,

Specifications subject to change without notice.

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test and are used to calculate outgoing

quality Jevels,

ABSOLUTE MAXIMUM RATINGS!

Supply Voltage

Dual Supply ......coviiiii i, 165V

SingleSupply .........coiiiiii i +24V
Internal Power Dissipation® .................... 500 mW
Maximum Input Voltage .................... 112 V Peak
Storage Temperature Range N,R ......... -55°C to +150°C
Operating Temperature Range

AD636J/K ...t 0°C to +70°C
Lead Temperature Range (Soldering 60sec) ........ +300°C
ESDRating .....c.cvviinieinriiinnnninenn... 1000 V
NOTES

'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the
operational section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
?10-Pin Header: 6;, = 150°C/Watt.

14-Pin Side Brazed Ceramic DIP: 6), = 95°C/Watt.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

3
-V,
PAD NUMBERS CORRESPOND TO PN NUMBERS
FOR THE TO-118 14-PIN CERAMIC DIP PACKAGE.

NOTE
*BOTH PADS SHOWN MUST BE CONNECTED TO V.

REV. A
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Temperature | Package Package
Model Range Description Option
AD636]D 0°C to +70°C | Side Brazed Ceramic DIP | D-14
AD636KD 0°C to +70°C | Side Brazed Ceramic DIP |D-14
AD636JH 0°C 1o +70°C | Header H-10A
AD636KH 0°C to +70°C | Header H-10A
AD636] Chip | 0°C to +70°C | Chip
AD636K Chip | 0°C to +70°C | Chip
STANDARD CONNECTION

The AD636 is simple to connect for the majority of high accu-
racy rms measurements, requiring only an external capacitor to
set the averaging time constant, The standard connection is
shown in Figure 1. In this configuration, the AD636 will mea-
sure the rms of the ac and dc level present at the input, but will
show an error for low frequency inputs as a function of the filter
capacitor, Cay, as shown in Figure 5. Thus, if a 4 JIF capacitor
is used, the additional average error at 10 Hz will be 0.1%, af”

3 Hz it will be 1%. The accuracy at higher frequencies will be
according to specification. If it is desired to reject the dc input, a
capacitor is added in series with the input, as shown in Fig-

ure 3; the capacitor must be nonpolar. If the AD636 is driven
with power supplies with a considerable amount of high frequency
ripple, it is advisable to bypass both supplies to ground with

0.1 pF ceramic discs as near the device as possible. Cp is an op-
tional output ripple filter, as discussed elsewhere in this data sheet.

Vg —

v

I SQUARER .
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Figure 1. Standard RMS Connection



Applying the AD636

The input and output signal ranges are a function of the supply
voltages as detailed in the specifications. The AD636 can also
be used in an unbuffered voltage output mode by disconnecting
the input to the buffer. The output then appears unbuffered
across the 10K resistor. The buffer amplifier can then be used
for other purposes. Further, the AD636 can be used in a current
output mode by disconnecting the 10k resistor from the ground.
The output current is available at Pin 8 (Pin 10 on the “H”
package) with a nominal scale of 100 pA per volt ms input,
positive out.

OPTIONAL TRIMS FOR HIGH ACCURACY

If it is desired to improve the accuracy of the AD636, the exter-
nal trims shown in Figure 2 can be added. R4 is used to trim the
offset. The scale factor is trimmed by using R1 as shown. The
insertion of R2 allows R1 to either incrgase or decrease the scale
factor by £1.5%.

The trimming procedure is as follows:

1. Ground the input signal, Vpy, and adjust R4 to give zero
volts output from Pin 6. Alternatively, R4 can be adjusted to
give the correct output with the lowest expected value of Vi,

2. Connect the desired full-scale input level to Vpy, either dc or
a calibrated ac signal (1 kHz is the optimum frequency);
then trim R1 to give the correct output from Pin 6, i.e.,

200 mV dc input should give 200 mV dc output. Of course,
a 1200 mV peak-to-peak sine wave should give a 141.4 mV
dc output. The remaining errors, as given in the specifica-
tions, are due to the nonlinearity.

Cav
SCALE _{F"
ADiusT n
1
20002 ° ./
£ 1.5%
Vi —QN—-‘E ABSOLUTE hnd l_‘._.w.
VALUE
. E ADB36 E
Vg — SQUARER 12
v —'E DIVIDER :l
T 1 (@
__l CURRENT ] —~
E MIRROR ALY s
1840 s
— » "
ouT - R3 a
. BUF>—4 . a0k ¢ R4
10k - Vs
OFFSET
ADJUST

Figure 2. Optional External Gain and Output Offset Trims

SINGLE SUPPLY CONNECTION

The applications in Figures 1 and 2 assume the use of dual
power supplies. The AD636 can also be used with only a single
positivé supply down to +5 volts, as shown in Figure 3. Figure 3
is optimized for use with a 9 volt battery. The major limitation
of this connection is that only ac signals can be measured since
the input stage must be biased off ground for proper operation.
This blasmg is done at Pin 10; thus it is critical that no extrane-
ous signals be coupled into this point. Biasing can be accom-
plished by using a resistive divider between +Vs and ground.
The values of the resistors can be increased in the interest of
lowered power consumption, since only 1 microamp of current
flows into Pin 10 (Pin 2 on the “H” package). Alternately, the
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COM pin of some CMOS ADCs provides a suitable artificial
ground for the AD636. AC input coupling requires only capaci-
tor C2 as shown; a dc return is not necessary as it is provided
internally. C2 is selected for the proper low frequency break
point with the input resistance of 6.7 kQ; for a cut-off at 10 Hz,
C2 should be 3.3 pF. The signal ranges in this connection are
slightly more restricted than in the dual supply connection. The
load resistor, Ry, is necessary to provide current sinking capabilty.

Cav
St
1y
./
Ca ® W,
{ ]
Vm —E ABSOLUTE E
NONPOLARIZED VALUE 0.1uF -
33uF
* | [ apese 73] %
SQUARER
3 12
6 —E DIVIDER j :E”“
~1] 1 @
CURRENT :]
EJ MIRROR 10 ]
Vour 0.uF
’ | @
o
R
10K to 1k %}

Figure 3. Single Supply Connection

CHOOSING THE AVERAGING TIME CONSTANT

The AD636 will compute the rms of both ac and dc signals. If
the input is a slowly-varying dc voltage, the output of the AD636
will track the input exactly. At higher frequencies, the average
output of the AD636 will approach the rms value of the input
signal. The actual output of the AD636 will differ from the ideal
output by a dc (or average) error and some amount of ripple, as
demonstrated in Figure 4.

* IE:AL

DC ERROR =
E; - Eo (IDEAL)

~— T - _\-:A\TEIAG! Eo= o

DOUBLE-FREQUENCY
RIPPLE

TIME
Figure 4. Typical Output Waveform for Sinusoidal Input

The dc error is dependent on the input signal frequency and the
value of Cpy. Figure 5 can be used to determine the minimum
value of Cay which will yield a given % dc error above a given
frequency using the standard rms connection.

The ac component of the output signal is the ripple. There are
two ways to reduce the ripple. The first method involves using

a large value of C,y. Since the ripple is inversely proportional

to Cay, a tenfold increase in this capacitance will effect a tenfold
reduction in ripple. When measuring waveforms with high crest
factors, (such as low duty cycle pulse trains), the averaging time
constant should be at least ten times the signal period. For ex-
ample, a 100 Hz pulse rate requires a 100 ms time constant,
which corresponds to a 4 §F capacitor (time constant = 25 ms

per uF).

4 REV. A
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Figure 5. Error/Settling Time Graph for Use with the
Standard rms Connection

The primary disadvantage in using a large Cyy to remove ripple
is that the settling time for a step change in input level is in-
creased proportionately. Figure 5 shows the relationship be-
tween Cay and 1% settling time is 115 milliseconds for each
microfarad of Cay. The settling time is twice as great for de-
creasing signals as for increasing signals (the values in Figure 5
are for decreasing signals). Settling time also increases for low
signal levels, as shown in Figure 6.

10.0
SETTLING 75 \
TIME RELATIVE
10 SETTLING
TIME AT 6o
200mV rms - N
25 \\
10
o
mv 10mv 100mv w

rms INPUT LEVEL
Figure 6. Settling Time vs. Input Level

A better method for reducing output ripple is the use of a
“post-filter.” Figure 7 shows a suggested circuit. If a single pole
filter is used (C3 removed, Ry shorted), and C2 is approxi-
mately 5 times the value of Cgy, the ripple is reduced as shown
in Figure 8, and settling time is increased. For example, with
Cav = 1 pF and C2 = 4.7 pF, the ripple for a 60 Hz input is re-
duced from 10% of reading to approximately 0.3% of reading.
The settling time, however, is increased by approximately a fac-
tor of 3. The values of Cay and C2 can therefore be reduced to
permit faster settling times while still providing substantial
ripple reduction.

The two-pole post-filter uses an active filter stage to provide
even greater ripple reduction without substantially increasing
the settling times over a circuit with a one-pole filter. The values
of Cay, C2, and C3 can then be reduced to allow extremely fast
settling times for a constant amount of ripple. Caution should
be exercised in choosing the value of C,y, since the dc error is
dependent upon this value and is independent of the post filter.

For a more detailed explanation of these topics refer to the
RMS-t0-DC Conversion Application Guide, 2nd Edition, available
from Analog Devices. ’
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RMS MEASUREMENTS
AD636 PRINCIPLE OF OPERATION
The AD636 embodies an implicit solution of the rms equation
that overcomes the dynamic range as well as other limitations
inherent in a straightforward computation of rms. The actual
computation performed by the AD636 follows the equation:
- Vv

V rms = A”g‘[m]
Figure 9 is a simplified schematic of the AD636; it is subdivided
into four major sections: absolute value circuit (active rectifier),
squarer/divider, current mirror, and buffer amplifier. The input
voltage, Vi, which can be ac or dc, is converted to a unipolar
current I;, by the active rectifier A;, A,. I, drives one input of
the squarer/divider, which has the transfer function:

The output current, I, of the squarer/divider drives the current
mirror through a low-pass filter formed by R1 and the externally
connected capacitor, C,y. If the R1, Csy time constant is much
greater than the longest period of the input signal, then L, is ef-
fectively averaged. The current mirror returns a current

I, which equals Avg. [I], back to the squarer/divider to com-
plete the implicit rms computation. Thus:

2
I

I, =Avg. |:I—:|=Il rms
4



AD636

The current mirror also produces the output current, Ioyr,
which equals 21,. Ioyr can be used directly or converted to a
voltage with R2 and buffered by A, to provide a low impedance
voltage output. The transfer function of the AD636 thus results:

VOUT=2R21rms=VINrms
The dB output is derived from the emitter of Qs, since the volt-
age at this point is proportional to —log Vpy. Emitter follower,
Qs, buffers and level shifts this voltage, so that the dB output )
voltage js zero when the externally supplied emitter current
(Irer) to Qs approximates I5.

CURRENT MIRROR
Wy
\ con”
W0pA
oy,
R2
1|V our 0 R
ner B

= o<

i

ABSOLUTE VALUE/
VOLTAGE - CURRENT
CONVERTER

BU 8
N BUFFER oyt

;

L

o e % 2
v, b a2 Vo out
S = A
L DN!‘:;_‘::):DRRANT E

E7

Figure 9. Simplified Schematic

THE AD636 BUFFER AMPLIFIER

The buffer amplifier included in the AD636 offers the user addi-
tional application flexibility. It is important to understand some
of the characteristics of this amplifier to obtain optimum perfor-
mance: Figure 10 shows a simplified schematic of the buffer.

Since the output of an rms-to-dc converter is always positive, it
is not necessary to use a traditional complementary Class AB
output stage. In the AD636 buffer, a Class A emitter follower is
used instead. In addition to excellent positive output voltage
swing, this configuration allows the output to swing fully down
to ground in single-supply applications without the problems as-
sociated with most IC operational amplifiers.

Vg

T

CURRENT
MIRRORA

BUFFER
oureuT

BUFFER
weur L

i’hw
[ o == e, =S

“ ormonkE W hexn
Figuré 10. AD636 Buffer Amplifier Simplified Schematic

When this amplifier is used in dual-supply applications as an in-
put buffer amplifier driving a load resistance referred to ground,
steps must be taken to insure an adequate negative voltage
swing. For negative outputs, current will flow from the load re-
sistor through the 40 kQ emitter resistor, setting up a voltage di-
vider between —Vs and ground. This reduced effective ~Vy, will

—6-
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limit the available negative output swing of the buffer. Addition
of an external resistor in parallel with Rg alters this voltage di-
vider such that increased negative swing is possible.

Figure 11 shows the value of Rexernar for a particular ratio of
Vpgak to -V for several values of Ry oap. Addition, of RexrrrnaL
increases the quiescent current of the buffer amplifier by an
amount equal to Rgx1/~Vs. Nominal buffer quiescent current

with no RexTerNat is 30 MAat-Vg=-5V.

10 ‘\‘:‘,:A\
NN
AMANAN
AN
VAN
N\ X
N\
AP

v 0 ) 100k02 L]
RExTerNAL

Figure 11. Ratio of Peak Nagative Swing to -V vs.
R externa for Several/Load Resistances
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FREQUENCY RESPONSE

The AD636 utilizes a logarithmic circuit in performing the im-
plicit rms computation. As with any log circuit, bandwidth is
proportional to signal level. The solid lines in the graph below
represent the frequency response of the AD636 at input levels
from 1 millivolt to 1 volt rms. The dashed lines indicate the up-
per frequency limits for 1%, 10%, and +3 dB of reading addi-
tional error. For example, note that a 1 volt rms signal will
produce less than 1% of reading additional error up to 220 kHz.
A 10 millivolt signal can be measured with 1% of reading addi-
tional error (100 uV) up to 14 kHz.
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Figure 12. AD636 Frequency Response

AC MEASUREMENT ACCURACY AND CREST FACTOR
Crest factor is often overlooked in determining the accuracy of
an ac measurement. Crest factor is defined as the ratio of the
peak signal amplitude to the rms value of the signal (C.F. = Vy/
V rms) Most common waveforms, such as sine and triangle
waves, have relatively low crest factors (<2). Waveforms which

REV. A
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AD636

resemble low duty cycle pulse trains, such as those occurring in
switching power supplies and SCR circuits, have high crest
factors. For example, a rectangular pulse train with a 1% duty
cycle has a crest factor of 10 (C.F. = 1./7).

Figure 13 is a curve of reading error for the AD636 for a 200 mV
rms input signal with crest factors from 1 to 7. A rectangular
pulse train (pulse width 200 pis) was used for this test since it is
thé worst-case waveform for rms measurement (all the energy is
contained in the peaks). The duty cycle and peak amplitude
were varied to produce crest factors from 1 to 7 while maintain-
ing a constant 200 mV rms input amplitude.

_qu_— 1 n=DUTY CYCLE = 2002
v[-}----8-3-1- v
° -—l | ‘ oy {rma) = 200mV
2004
s
g
z 3 °
Wee \
2g o5 [
-4
&
-1.0! 2 3 4 [] F]
CREST FACTOR

Figure 13. Error vs. Crest Factor

A COMPLETE AC DIGITAL VOLTMETER

Figure 14 shows a design for a complete low power ac digital
voltmeter circuit based on the AD636. The 10 MQ input-
attenuator allows full-scale ranges of 200 mV, 2 V, 20 V and
200 V rms. Signals are capacitively coupled to the AD636 buffer
amplifier, which is connected in an ac bootstrapped configura-
tion to minimize loading. The buffer then drives the 6.7 kQ
input impedance of the AD636. The COM terminal of the ADC
chip provides the false ground required by the AD636 for single
supply operation. An AD589 1.2 volt reference diode is used to
provide a stable 100 millivolt reference for the ADC in the lin-
ear rms mode; in the dB mode, 2 1N4148 diode is inserted in
series to provide correction for the temperature coefficient of the
dB scale factor. Calibration of the meter is done by first adjust-
ing offset pot R17 for a proper zero reading, then adjusting the
R13 for an accurate readout at full scale.

Calibration of the dB range is accomplished by adjusting R9 for
the desired 0 dB reference point, then adjusting R14 for the de-
sired dB scale factor (a scale of 10 counts per dB is convenient).

Total power supply current for this circuit is typically 2.8 mA
using a 7106-type ADC.

A LOW POWER, HIGH INPUT IMPEDANCE dB METER
Introduction

The portable dB meter circuit featured here combines the func-
tions of the AD636 rms converter, the AD589 voltage reference,
and a pA776 low power operational amplifier. This meter offers
excellent bandwidth and superior high and low level accuracy
while consuming minimal power from a standard 9 volt transis-
tor radio battery.

In this circuit, the built-in buffer amplifier of the AD636 is used
as a “bootstrapped” input stage increasing the normal 6.7 kQ
input Z to an input impedance of approximately 10'°Q.

REV. A

Circuit Description

The input voltage, Viy, is ac coupled by C4 while resistor R8,
together with diodes D1, and D2, provide high input voltage
protection.

The buffer’s output, Pin 6, is ac coupled to the rms converter’s
input (Pin 1) by capacitor C2. Resistor, R9, is connected be-
tween the buffer’s output, a Class A output stage, and the nega-
tive output swing. Resistor R1, is the amplifier’s “bootstrapping”
resistor.

With this circuit, single supply operation is made possible by
setting “ground” at a point between the positive and negative
sides of the battery. This is accomplished by sending 250 pA
from the positive battery terminal through resistor R2, then
through the 1.2 volt AD589 bandgap reference, and finally back
to the negative side of the battery via resistor R10. This sets
ground at 1.2 volts +3.18 volts (250 pA x 12.7 kQ) = 4.4 volts
below the positive battery terminal and 5.0 volts (250pA x 20 kQ)
above the negative battery terminal. Bypass capacitors C3 and
C5 keep both sides of the battery at a low ac impedance to
ground. The AD589 bandgap reference establishes the 1.2 volt
regulated reference voltage which together with resistor R3 and
trimming potentiometer R4 set the zero dB reference current kgg.

Performance Data
0 dB Reference Range = 0 dBm (770 mV) to —20 dBm (77 mV)
rms
0 dBm = 1 milliwatt in 600 Q
Input Range (at Iggp = 770 mV) = 50 dBm
Input Impedance = approximately 10'°'Q
VsuppLy Operating Range +5 V dc to +20 V de
IQUIESCF_NT =1.8mA typical
Accuracy with 1 kHz sine wave and 9 volt dc supply:
0dB to-40 dBmt 0.1 dBm
0 dBm to -50 dBm £ 0.15 dBm
+10 dBm to -50 dBm £ 0.5 dBm

Frequency Response +3 dBm:

Input

0 dBm =5 Hz to 380 kHz
-10dBm =5 Hz to 370 kHz
—20 dBm = 5 Hz to 240 kHz
—30 dBm =5 Hz to 100 kHz
—40 dBm =5 Hz to 45 kHz
-50 dBm =5 Hzto 17 kHz

Calibration

1, First calibrate the zero dB reference level by applying a 1 kHz
sine wave from an audio oscillator at the desired zero dB am-
plitude. This may be anywhere from zero dBm (770 mV rms
~ 2.2 volts p-p) to ~20 dBm (77 mV rms 220 mV - p-p). Adjust
the Irgr cal timmer for a zero indication on the analog meter.

2. The final step is to calibrate the meter scale factor or gain.
Apply an input signal —-40 dB below the set zero dB reference
and adjust the scale factor calibration trimmer for a 40 pA
reading on the analog meter.

The temperature compensation resistors for this circuit may be
purchased from: Tel Labs Inc., 154 Harvey Road, P.O. Box 375,
Londonderry, NH 03053, Part #Q332A 2 kQ 1% +3500 ppm/
°C or from Precision Resistor Company, 109 U.S. Highway 22,
Hillside, NJ 07205, Part #PT146 2 k2 1% +3500 ppm/°C.
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OUTLINE DIMENSIONS

Dimensions-shown in inches and (mm).
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