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ABSTRACT

Process stability control by PID controller is mostly used to a good response. This project
is invert pendulum control system use the PID contreiler to control stability .The aim is to control
the DC linear motor to drive arm of the pendulum to make the pendulum stand upraised at an
angle of zero degree. The transfer function of the system will be derived all parameter of the PID
controller by Matlab software. Use Visual basic software to operate, control and display a
response. In this experiment some parameter of system are unknown, so that we use trial and error
method to design parameter of the PID controller. Results of the experiment shows that the
performance of system have stability by trial and error method and can be able to control the

invert pendulum have stability.
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, .
n351991% M4a Product specification (1vzdi 1&1Fa )

Analog input ( A/D converter )

- Channels : 16 single- ended or 8 differential .switch selectable.
- resolution 12 bits.
- Input range : Unipolar : 10V +5V,+2V +1V.

. Bipolar : +/-10V +/-5V,+/-2.5V +/-1V +/-0.5V

- Conversion speed : 100KHz max.
- Accuracy : +/-(0.01% of reading)+/- 1 bit.
- Linearity : +/- 1bit.

Analog output (D/A Converter)

- Channel . 2 channels.
- Resolution ;12 bits.
- Output Range - 0'to +5 (+10 V) with on-board -5 (-10V) reference.

Max . +10V or —10V with external DC or AC reference.

- Conversion type + 12 bit monolithic muliplying .
- Linearity :+/-0.5 bit.

- OQutput drive : +/-5mA max.

- Settling time : 5 microseconds.

Digital Input

- Channel : 16 bits.
- Level : TTL compatible
- Input voltage : Low - 0.8V max.

High----- 2.0V 'min.



- Input load

Digital Output
- Channel
- Level

- Output voltage

:Low ----- 0.4 mA max.at0.5 V.

High----- 0.05mA max. at 2.7 V.

: 16 bits.
: TTL compatible
: Low ----- Sink 8 mA at 0.5 V max.

High ----- Source —0.4 mA at 2.4 V min.
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Option Explicit

Private m_CommEnabled As Boolean
Private m_WriteSet As Boolean

Private m_WriteFloat As Boolean

Private m_WriteByte As Boolean

Private m_FloatReadDisabled As Boolean
Dim AOGetConfig As PT_AIGetConfig
Dim gnNumOfSubdevices As Integer
Dim IpDEVCONFIG_AI As DEVCONFIG_AI
Dim IpAIGetConfig As PT_AIGetConfig
Dim TimerCount As Integer

Dim StripChartTimeTotal As Double

Dim StripChartCountTotal As Long
Private Sub Checkl click()

If Checkl.value = 1 Then
iStripChartX1.SetChannelVisible 0, True
Else
iStripChartX1.SetChannelVisible 0, False

End If
End Sub

Private Sub Check2 Click()
If Check2.value = 1 Then
iStripChartX1 .SetChannelVisible 1, True
Else
iStripChartX1 SetChannelVisible 1, False
End If

End Sub
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Private Sub Check3_Click()

If Check3.value = 1 Then
iStripChartX1.SetChannelVisible 2. True
Else
iStripChartX1.SetChannelVisible 2, False

End If

End Sub

Private Sub Check4_Click()
If Check4.value = 1 Then
iStripChartX 1.SetChannelVisible 3, True
Else
iStripChartX1.SetChannelVisible 3, False
End If
End Sub

Private Sub Commandl Click()

SctPoint = ((CSng(Tsv.Text)) + 180) * (5 /360)
Svl = CSng(Tsv.Text)

Runl =1

End Sub

Private Sub Command2_Click()

Dim AnalogOutput As PT_AOVoltageOut
HScrolll.value =0
SetPoint =0
AnalogQOutput.chan = IpAOConfig.chan
AnalogOutput.OutputValue = SetPoint
ErrCde = DRV_AOVoltageOut(DeviceHandle, AnalogQutput)
If (ErrCde <> 0) Then

DRV_ GetErrorMessage ErrCde, szErrMsg
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Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")
Exit Sub
End If
ErrorO =0
ErrorOl1 =0
Mvl =0
Sum =0
Diff=0
Runl =0

End Sub
Private Sub Command3_Click()
Form2.Show

End Sub

Private Sub Command4 Click()

TKpl.Text="0"
TTil.Text="0"
TTd1.Text="0"
End Sub

Private Sub Command5_Click()
Dim AnalogOutput As PT_AOVoltageOut
AnalogOutput.chan = IpAOConfig.chan
AnalogQOutput.OutputValue = 0
ErrCde = DRV_AOVoltageOut(DeviceHandle, AnalogOutput)
If (ErrCde <> 0) Then
DRV_GetErrorMessage ErrCde, szErrtMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")
Exit Sub
End If
End



End Sub

Private Sub Command6_Click()
StripChartTimeTotal = 0
StripChartCountTotal = 0
iStripChartX1.ClearData

End Sub

Private Sub Command7_Click()

Timer1.Enabled = Not Timerl.Enabled
If Timerl.Enabled = True Then
Command7.Caption = "Pause"
Command7.ToolTipText = "Pause chart"
Else
Command7.Caption = "Start"
Command7.ToolTipText = "Start chart"
End If
End Sub

Private Sub Command8_Click()
iStripChartX1.p
End Sub

Private Sub Form_Load()
Dim gnNumOfDevices As Integer
Dim nOutEntries As Integer
Dim i, ii As Integer
Dim tt As Long
Dim tempStr As String
Dim tempNum As Integer

Dim IpSubDeviceList As Long

54



55

Dim dwDeviceNum As Long

'************************************hﬁﬁal\QﬂueofPID

1*******************************

ErrorO =0

ErrorOl =0

Mvl =0

Sum =0

Diff=0

Ts=0.01
'************************************hﬁﬁalVdueofPH)

2*******************************

Error20=0
Error201 =0
Mv21 =0
Sum2 =0
Diff2=0

Ts2 =0.01

'********************************iSnipChan************************************

StripChartTimeTotal = 0

StripChartCountTotal = 0

'StripChartCountLabel.Caption = "Count = " + Format(StripChartCountTotal, "General
Number")

iStripChartX1.ClearData

'******************************************************************************
ok sk %ok ok

bRun = False

gnNumOfSubdevices = 0

tmrSampling.Enabled = True

Timerl.Enabled = True
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TimerDisplay.Enabled = True
sexxekanxrkrxnones Add type of PC Laboratory Card* *#¥ ¥ sk ktssssssessik
t= QRV_GetAddress(devicelist(O))
ErrCde = DRV_DeviceGetList(tt, MaxEntries. nOutEntries)
If (ErrCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrtMsg, vbOKOnly, "Error!!")
Exit Sub

End If

ErrCde = DRV_DeviceGetNumOfList(gnNumOfDevices)
If (ErrCde <> 0) Then
DRV _GetErmrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")
Exit Sub

End If

sexxxkkxk Data Acquisition & Control or Digital /0 card *** kst
If (genNumOfSubdevices = 0) Then
dwDeviceNum = devicelist(0).dwDeviceNum
ErrCde = DRV_DeviceOpen(dwDeviceNum. DeviceHandle)
If (ErrCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg

Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")

Exit Sub
Else

bRun = True
End If

ptDevGetFeatures.buffer = DRV_GetAddress(IpDevFeatures)
ErrCde = DRV_DeviceGetFeatures(DeviceHandle, ptDevGetF eatures)

If (ErrCde <> 0) Then
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DRV _GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")
Exit Sub

End If

ptAlGetConfig.buffer = DRV_GetAddress(IpDEVCONFIG_AI)
ErrCde = DRV_AIGetConfig(DeviceHandle, ptAlGetConfig)
If (ErrCde <> 0) Then

DRV_GetErrorMessage ErrCde, szErrMsg

Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")

Exit Sub

End If

IpAOConfig.chan =0
IpAOConfig.MaxValue = 5

IpAOConfig.MinValue = 0

End If

If (gnNumOfSubdevices = 0) Then
ErrCde = DRV_AOConfig(DeviceHandle, IpAOConfig)
If (ErrCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")
Exit Sub
End If
End If
End Sub
Private Sub Form_Unload(Cancel As Integer)

Dim AnalogOutput As PT_AOVoltageOut

Tsv.Text = "0.000"



AnalogQutput.chan = ]pAOConfig.chan

AnalogOutput.OutputValue = CSng(Tsv.Text)
ErrCde = DRV_AOVoltageOut(DeviceHandle, AnalogOutput)
If (ErrCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrtMsg, vbOKOnly, "Error!!")
Exit Sub

End If

End Sub

Private Sub HScrolll Change()
Tsv.Text = Format(HScrolll.value, "###")
If HScrolll.value = 0 Then
Tsv.Text="0"
End If
End Sub

Private Sub Pid10k_Click()
Kp = CSng(TKpl.Text)

Ti = CSng(TTil.Text)

Td = CSng(TTd1.Text)

End Sub

Private Sub Pid20k_Click()

If Pid20Ok.Caption = "Ok" Then
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Kp2 = CSng(TKp2.Text)

Ti2 = CSng(TTi2.Text)

Td2 = CSng(TTd2.Text)

Pid20Ok.Caption = "Clear"
Pid20k.ToolTipText = "All Parameter = 0"
Elself Pid20Ok.Caption = "Clear" Then

\

TKp2.Text="0"
TTi2.Text="0"
TTd2.Text="0"
Kp2=0
Ti2=0
Td2=0

Pid20Ok.Caption = "Ok"
Pid20k.ToolTipText = "1dA1 Parameter 483 Controller2"

End If

End Sub

Private Sub Timerl Timer()
Dim SpeedMultiplier As Integer
Dim X As Integer

Dim Timelndex As Long

'**************************Display******************************************

Select Case ChartSpeedSwitchSlider.Position
Case 0: SpeedMultiplier = 1
Case 1: SpeedMultiplier = 2
Case Else: SpeedMultiplier = 5
End Select
iStripChartX1.BeginUpdate
For X =0 To SpeedMultiplier

StripChartTimeTotal = StripChartTimeTotal + 0.01
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StripChartCountTotal = StripChartCountTotal + 3
Timelndex = iStripChartX 1.AddIndex Time(StripChartTimeTotal)
iStripChartX1.SetChannelData 0, Timelndex, (Zetal * (360 /5) - 180)
iStripChartX1.SetChannelData 1, Timelndex, (Zeta2 * (30 / (2.5 - 1.9)) - 110)
iStripChartX1.SetChannelData 2, Timelndex, Sv1
iStripChartX1.SetChannelData 3, Timelndex, (0)
Next
iStripChartX 1.EndUpdate
End Sub

Private Sub TimerDisplay_Timer()
Dim Te As Single
TZetal.Text = Format((Zetal * (360 / 5) - 180), "###0.00")
Te = CSng(Tsv.Text) - CSng(TZetal.Text)
Terror.Text = Format(Te, "###0.00")
TZeta2.Text = Format((Zeta2 * (30 / (2.5 - 1.9)) - 110), "###0.00")
Tspeed.Text = Format(((Mvt) * (3000 / 5)), "###0.00")

End Sub

Private Sub tmrSampling_Timer()
Dim AnalogQOutput As PT_AOVoltageOut
ok kR sk ko ok %% Get Value from A/D Channel3(Position of Zetal)* ¥ ¥xxxxkkkkkx.)
AiCtrMode =0
IpAlConfig.DasChan = 3
IpAIConfig.DasGain = IpDevFeatures.glGainList(6).usGainCde
ErrCde = DRV_AIConfig(DeviceHandle, IpAlConfig)
If (ErrCde <> 0) Then
DRV_GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")
Exit Sub
End If

Zetal = ADCIn
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kR KRR RRR R Get Value from A/D Channel2(Pendulum )% %%k sk sk, )
AiCtrMode =0
IpAIConfig.DasChan = 2
IpAIConfig.DasGain = IpDevFeatures.glGainList(6).usGainCde
ErrCde = DRV_AIConfig(DeviceHandle, IpAIConfig)
If (ErrCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg

Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")

Exit Sub
End If
Zeta2 = ADCIn

'*********************************PIDI&PIDZ*******************************

If Runl =1 Then

Error = SetPoint - Zetal

Error2 = Zeta2 - Sv2

Sum = ErrorO + ErrorO1

Sum2 = Error20 + Error201

Diff = Error - ErrorO

'Diff = Zetal - ZetalO

Diff2 = Error2 - Error20

Mv = Kp * Error + (((Ti * Ts) * (Sum)) / 2) + ((Td * Diff) / Ts)
Mv2 = Kp2 * Error2 + (((Ti2 * Ts2) * (Sum2)) / 2) + ((Td2 * Diff2) / Ts2)
ErrorO1 = ErrorO

Error201 = Error20

ErrorO = Error

'Zetal(Q = Zetal

Error20 = Error2

Mvl = Mv

Mv21 = Mv2



Mvt = Mv2 + Mv

'***********************Dlgital I/O**************************************

If (Mvt) <-0.05 Then
IpDioWritePort.state = 0
Elself (Mvt) > 0.05 Then

IpDioWritePort.state = 1

End If

IpDioWritePort.Port = 0

IpDioWritePort.Mask = 255

ErrCde = DRV _DioWritePortByte(DeviceHandle, IpDioWritePort)
If (ErrCde <> 0) Then

DRV_GetErrorMessage ErrCde, szErrMsg

Response = MsgBox(szErrMsg, vbOKOnly, "Error!!")

Exit Sub
End If

B KRR R KR KRG ae ] QUERKRIRIRE R KR EX KRR K AK KK
Mvt = Mvt " 2
Mvt = Mvt ~ (1 /2) 'absolute value
AnalogOutput.chan = IpAOConfig.chan
If IsNumeric(Tsv.Text) Then
If ((CSng(Tsv.Text)) + 180) * (5 / 360) > IpAOConfig. MaxValue Then
Response = MsgBox(" Over range", vbOKOnly, "Error!!")
Exit Sub

Else:
If ((CSng(Tsv.Text)) + 180) * (5/360) < IpAOConfig.MinValue Then

Response = MsgBox(" Lower range”, vbOKOnly, "Error!!")
Exit Sub

Else:
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If Mvt > 5 Then
Mvt=35
Elself Mvt <0 Then
Mvt=0
End If
End If

Analogdutput.OutputValue = Mvt

ErrCde = DRV_AOVoltageOut(DeviceHandle, AnalogOutput)

If (ErrCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrtMsg, vbOKOnly, "Error! ")
Exit Sub

End If
End If
End If
End If

End Sub

Calibration setpoint of Zeta2

Private Sub Command1_Click()
Text2.Text = Zeta2
Sv2 = Zeta2

End Sub

Private Sub Command2_Click()
Form1.Show

End Sub
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Private Sub Form_Load()

Textl.Text = Zeta2

End Sub

Private Sub Timerl_Timer()

Textl.Text = Zeta2
End Sub
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AD7520, AD7530,
AD7521, AD7531

10-Bit, 12-Bit, Multiplying D/A Converters

Features

« AD7520/AD7530, 10-Bit Resolution; 8-Bit, 9-Bit and
10-Bit Linearity

. AD7521/AD7531, 12-Bit Resolution;
10-Bit Linearity

8-Bit, 9-Bit and

« Low Power Dissipation (Max)................ 20mwW

« Low Nonlinearity Tempco at 2ppm of FSR/°C

Description

The AD7520/AD7530 and AD7521/AD7531 are monolithic,
high accuracy. low cost 10-bit and 12-bit resolution,
multiplying digital-to-analog  converters  (DAC). Intersil’
thin-film on CMOS processing gives up to 10-bit accuracy
with TTL/CMOS compatible operation. Digital inputs are fully
protected against static discharge by diodes to ground and
positive supply.

: . Typical applications include digital/analog interfacing,
* Current Settling Time t0 0.05% of FSR . ... . .. 1.0us  muttiplication and division, programmable power supplies,
« Supply Voltage Range ................ 45V to +15V  CRT character generation, digitally controlled gain circuits,

+ TTL/CMOS Compatible
« Full Input Static Protection

. /883B Processed Versions Available

integrators and attenuators, etc.

The AD7530 and AD7531 are identical to the AD7520 and
AD7521, respectively, with the exception of output leakage
current and feedthrough specifications.

Ordering Information

PART NUMBER LINEARITY (INL, DNL) TEMP. RANGE (°C) PACKAGE PKG. NO.
AD7520JN, AD7530JN 0.2% (8-Bit) O0to 70 16 Ld PDIP E16.3
AD7520KN, AD7530KN 0.1% (9-Bit) 0to 70 16 Ld PDIP E16.3
AD7521JN, AD7531JN 0.2% (8-Bit) 0to 70 18 Ld PDIP E18.3
AD7521KN, AD7531KN 0.1% (9-Bit) 0to 70 18 Ld PDIP E18.3
AD7520LN, AD7530LN 0.05% (10-Bit) -40to 85 16 Ld PDIP E16.3
AD7521LN, AD7531LN 0.05% (10-Bit) -40 to 85 18 Ld PDIP E18.3
AD7520JD 0.2% (8-Bit) -25to 85 16 Ld CERDIP F16.3
AD7520KD 0.1% (9-Bit) -25to 85 16 Ld CERDIP F16.3
AD7520LD 0.05% (10-Bit) -25t0 85 16 Ld CERDIP F16.3
AD7520SD, AD7520SD/883B 0.2% (8-Bit) -55 to 125 16 Ld CERDIP F16.3
AD7520UD, AD7520UD/883B 0.05% (10-Bit) -55to 125 16 Ld CERDIP F16.3
Pinouts

AD7520, AD7530 AD7521, AD7531
(CERDIP, PDIP) (PDIP)
TOP VIEW TOP VIEW
loutt L4 o E RFEEDBACK loutt LA 7 18] RreepBack
lourz [2] 15] VRer lourz2 [2] 17) Vrer
&N [3] 2] v+ ano [3] 6] v+
BT 1 (msB) [4] 13] BIT 10 (LSB) BIT 1 (mse) [4] :13 BIT 12 (LSB)
B2 [5] 12] BIT 9 Bir2 5] 14 BIT 11
eiT3 6] 1] BIT 8 B3 [6] 3] BiT 10
BIT4 [7] 0] BIT 7 Bir4 [7] 2 eme
BiTs [g] [9]BIT6 BiTs [8] 11] BIT 8
BiT6 [9] 0] BIT 7

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
http://wwwv.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999
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AD7520, AD7530, AD7521, AD7531

Absolute Maximum Ratings

Supply Voltage (V+ to GND)
VREF
Digital Input Voltage Range
Output Voltage Compliance

Operating Conditions

Temperature Ranges
JN, KN, LN Versions
JD, KD, LD Versions
SD, UD Versions

25V

Thermal Information

Thermal Resistance (Typical, Note 1) 84 (°CW) 8¢ (°C/W)

16 LdPDIPPackage . . .............. 100 N/A

18 LdPDIP Package . ............... 90 N/A

CERDIP Package .................. 75 20
Maximum Junction Temperature (Hermetic Package) . ....... 175°C
Maximum Junction Temperature (Plastic Packages) ....... 150°C
Maximum Storage Temperature Range .......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............. 300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high eneryy electrostatic fields. Keep
unused units in conductive foam at all times.

Do not apply voltages higher than Vppp or less than GND potential on any terminal except Vrer and RegepsAck:

NOTE:

1. 84 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications V+= +15V, VRgr = +10V, Ty = 25°C Unless Otherwise Specified

AD7520/AD7530 AD7521/AD7531
PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
SYSTEM PERFORMANCE (Note 2)
Resolution 10 13, 10 12 12 12 Bits
Nonlinearity J,S |S Over-55°C to 125°C - - +0.2 - - +0.2 % of
(Notes 2, 5) (Figure 3) (8-Bit) (8-Bit) FSR
K T Over -55°C to 125°C - - +0.1 - - +0.1 % of
(Figure 2) (S-Bit) (9-Bit) FSR
L, U |-10V < VRgr S +10V - - +0.05 - - +0.05 % of
U Over -55°C to 125°C (10-Bit) (10-Bit) FSR
(Figure 2)
Nonlinearity Tempco -10V € VRgf < +10V - - 9 - - +2 ppm of
(Notes 3, 4) FSRPC
Gain Error - +0.3 - - +0.3 - % of
FSR
Gain Emor Tempco - - +10 - - +10 ppm of
FSR/PC
Output Leakage Current Over the Specified - - +200 - - +200 nA
(Either Output) Temperature Range (£300) (£300)
DYNAMIC CHARACTERISTICS
Output Current Settling Time To 0.05% of FSR (All Digital - 1.0 - - 1.0 - us
Inputs Low To High And High
To Low) (Note 4) (Figure 7)
Feedthrough Error VREeF = 20Vp.p, 10kHz - - 10 - - 10 mVp.p
(50kHz) All Digital Inputs Low
(Note 4) (Figure 6)
REFERENCE INPUT
Input Resistance All Digital Inputs High 5 10 20 5 10 20 kQ
louT1 at Ground
ANALOG OUTPUT
Output Capacitance louT1 | All Digital Inputs High - 200 - - 200 - pF
Bl (Note 4) (Figure 5) _ 75 _ _ 75 _ pF
louT1 | All Digital Inputs Low - 75 - - 75 - pF
- (Note 4) (Figure 5) _ 200 _ - 200 _ bF
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Electrical Specifications

V+ = +15V, VRgr = +10V, Tp = 25°C Unless Otherwise Specified (Continued)

AD7520/AD7530 AD7521/AD7531
PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Output Noise Both Outputs - Equivalent - - Equivalent - Johnson
(Note 4) (Figure 4) to 10kQ to 10kQ Noise

DIGITAL INPUTS

Low State Threshold, V| Over the Specified - - 0.8 - - 0.8 Vv

s Temperature Range

High State Threshold, V|4 Vi = OV or +15V 24 - - 24 - - \Y

Input Current, Iy, |4 - - 1 - - +1 HA

Input Coding See Tables 1 and 2 Binary/Offset Binary

POWER SUPPLY CHARACTERISTICS

Power Supply Rejection V+ = 14.5V to 15.5V - +0.005 - - +0.005 - % FSR/
(Note 3) (Figure 3) % AV+

Power Supply Voltage Range +5to +15 +5to +15 Y

I+ All Digital Inputs at OV or V+ - +1 - - +1 - HA
Excluding Ladder Network 1
All Digital Inputs High or Low - - 2 - - 2 mA
Excluding Ladder Network

Total Power Dissipation Including the Ladder Network - 20 - - 20 - mwW

NOTES:

2. Full scale range (FSR) is 10V for Unipolar and 10V for Bipolar modes.
. Using internal feedback resistor RrgepBACK-

. Guaranteed by design, or characterization and not production tested.

. Accuracy not guaranteed unless outputs at GND potential.

(=20 S, IS~ A

. Accuracy is tested and guaranteed at V+ = 15V only.

Functional Diagram

VREF 10kQ 10kQ 10kQ 10kQ2
KAA A
o VWA
20kQ 20kQ 20kQ 20kQ 20kQ
= GND
1 ] 1
SPDT NMOS | | T 1 i 1 I i I ol
SWITCHES | 1 I [ ouT2
L 1 a
: [ 1 © lout1
1 } ]
& Y Py 10kQ
MSB BIT 2 BIT 3 RFEEDBACK

NOTES:
Switches shown for Digital Inputs “High".
Resistor values are typical.
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AD7520, AD7530, AD7521, AD7531

Pin Descriptions

AD7520/30 | AD7521/31 | PIN NAME DESCRIPTION
1 1 louT1 Current Out summing junction of the R2R ladder network.
2 2 louT2 Current Out virtual ground, return path for the R2R ladder network.
3 3 GND Digital Ground. Ground potential for digital side of D/A.
4 4 Bits 1(MSB) | Most Significant Digital Data Bit.
5 5 Bit 2 Digital Bit 2.
6 6 Bit 3 Digital Bit 3. k
7 7 Bit 4 Digital Bit 4.
8 8 Bit 5 Digital Bit 5.
9 9 Bit 6 Digital Bit 6.
10 10 Bit7 Digital Bit 7.
11 11 Bit 8 Digital Bit 8.
12 12 Bit9 Digital Bit S.
13 13 Bit 10 Digital Bit 10 (AD7521/31). Least Significant Digital Data Bit (AD7520/30).
- 14 Bit 11 Digital Bit 11 (AD7521/31).
- 15 Bit 12 Least Significant Digital Data Bit (AD7521/31).
14 16 V+ Power Supply +5V to +15V.
15 17 VREF Voltage Reference Input to set the output range. Supplies the R2R resistor ladder.
16 18 RFEEDBACK | Feedback resistor used for the current to voltage conversion when using an external Op Amp.

Definition of Terms

Nonlinearity: Error contributed by deviation of the DAC
transfer function from a “best straight line” through the actual
plot of transfer function. Normally expressed as a percent-
age of full scale range or in (sub)multiples of 1 LSB.

Resolution: It is addressing the smallest distinct analog
output change that a D/A converter can produce. It is

commonly expressed as the number of converter bits. A -

converter with resolution of n bits can resolve output changes
of 2N of the full-scale range, e.g., 2™N VRgg for a unipolar
conversion. Resolution by no means implies linearity.

Settling Time: Time required for the output of a DAC to set-
tle to within specified error band around its final value (e.g.,
1/2 LSB) for a given digital input change, i.e., all digital inputs
LOW to HIGH and HIGH to LOW.

Gain Error: The difference between actual and ideal analog
output values at full scale range, i.e., all digital inputs at
HIGH state. It is expressed as a percentage of full scale
range or in (sub)multiples of 1 LSB.

Feedthrough Error: Error caused by capacitive coupling
frem VRg to loyT1 With all digital inputs LOW.

Output Capacitance: Capacitance from lgyT1 @and louyrt2
terminals to ground.

Output Leakage Current: Current which appears on loyT1
terminal when all digital inputs are LOW cor on IoyT2
terminal when all digital inputs are HIGH.

Detailed Description

The AD7520, AD7530, AD7521 and AD7531 are monolithic,
multiplying D/A converters. A highly stable thin film R-2R
resistor ladder network and NMOS SPDT switches form the
basis of the converter circuit, CMOS level shifters permit low
power TTL/CMOS compatible operation. An external voltage

or current reference and an operational amplifier are all that
is required for most voltage output applications.

A simplified equivalent circuit of the DAC is shown in the
Functional Diagram. The NMOS SPDT switches steer the lad-
der leg currents between IgyT1 and lgytz2 buses which must
be held either at ground potential. This configuration main-
tains a constant current in each ladder leg independent of the
input code.

Converter errors are further reduced by using separate
metal interconnections between the major bits and the
outputs. Use of high threshold switches reduce offset (leak-
age) errors to a negligible level.

The level shifter circuits are comprised of three inverters with
positive feedback from the output of the second to the first, see
Figure 1. This configuration results in TTL/CMOS compatible
operation over the full military temperature range. With the lad-
der SPDT switches driven by the level shifter, each switch is
binarily weighted for an ON resistance proportional to the
respective ladder leg current. This assures a constant voltage
drop across each switch, creating equipotential terminations for
the 2R ladder resistors and highly accurate leg currents.

] é‘éwéw

HeTea
DTLTTL 2
CMOS INPUT

ﬁv

FIGURE 1. CMOS SWITCH

TO LADDER

lout2 louts
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AD7520, AD7530, AD7521, AD7531

Test Circuits The following test circuits apply for the AD7520. Similar circuits are used for the AD7530, AD7521 and AD7531.

VREF +15V
BIT1 —| |

(MSB) RFEEDBACK
415 4¢ |
10-BIT 5 1 | OouTt
BINARY
counTer| | 1 ks HA2600 -9
BIT 10 louT2 10kQ2
133 2 8 ': 1o,
(LSB) _L 1 P 0.0'%
Jan o= L L 1 Mo
CLOCK ==
v q
BIT 1 REF'I 3
(LSB) 10k 0.01% <
G LINEARITY
BIT 10 |REFERENCE ERROR
BIT 11 DAC —
BIT 12

FIGURE 2. NONLINEARITY

+11V (ADJUST FOR Voyr = 0V)

+15V
1K§:
1 f=1kHz
BW = 1Hz
15uF 15 14 [ loyre 10092 10kQ
4 2 j QUAN
-]=: 5 -= 4T - TECH
1 | AD7520 | 1574 101ALN M°3vib !15340
oo b VouT| ANALYZER
50kQ  1kQ
50V
IOJpF
FIGURE 4. NOISE
VRer = 20Vp.p +15V

100kHz SINE WAVE _| I

BIT1(MSB) | 15 14
4 16
5

AD7520 1

louTs

!
!
! lout2

13 3 2
BIT 10 (LSB)

4 J-_GND ]:_

FIGURE 6. FEEDTHROUGH ERROR

+15V UNGROUNDED
SINE WAVE
GENERATOR
400Hz 1Vp.p 500kQ
10V 5K 0.01%

VREF AN~ o -
BIT1 I 5k 0.01% HA2600,
(MSB) {15 14 | RreepBACK %

4 16
[ 5 1
B0 ! [AD7520
133 2
(LSB) _I_
GND = == =

FIGURE 3. POWER SUPPLY REJECTION

NC +15v
+15V
BIT1(MSB) | 15 14
4 16 NC
: AD7520 1kQ
1
i
" 13 2 100mVp.p
BIT 10 (LSB)

1MHz
1 SCOPE

FIGURE 5. OUTPUT CAPACITANCE

l]l'—4 w

5t: 1% SETTLING (1mV)
EXTRAPOLATE 8t: 0.03% SETTLING

o, Ve gl t= RISE TIME
Bir1(MsB) [15 14
% L f—e
o [ 1 AD7520 | +100mv_/\_[]).. SCOPE
DIGITAL | | 1]
INPUT
BIT 10 (LSB)

FIGURE 7. OUTPUT CURRENT SETTLING TIME
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AD7520, AD7530, AD7521, AD7531

Test Circuits The following test circuits apply for the AD7520. Similar circuits are used for the AD7530, AD7521 and AD7531.

VREF +15V
BIT 1 —I |

(MSB) 41516 RFEEDBACK
10-BIT s 1[lourt
couNTer) | tarr 40 |27 »
'BIT 10 133 2 louT2 { 10kQ
$0.01%
(LsB) ="
Jan GND = 1MQ
CcLOCK = o= S
<
Brr 1 VREFT) L
(LSB) 10kQ 101% S
e LINEARITY
BIT 10 |REFERENCE E)?':&R
Bm11| DAC =
BIT 12
FIGURE 2. NONLINEARITY
+11V (ADJUST FOR Voyr = 0V)
?L +15V
1K
! f=1kHz
l BW =1Hz
15pF 15 14 | loutz 1009 10k
l 4 2 1 QUAN
= ) L = S TECH
1 | AD7520 | 1574 101ALN Moevi';,éuo
133 1 MDUT ANALYZER
50kQ  1kQ
L«M—l—M— 50V
I0.1uF

FIGURE 4. NOISE

VREF = 20Vp.p H5v

100kHz SINE WAVE I

BIT1(MSB) f 15 14
4 16
5

AD7520 ,

1
]
b Vout

13 3 2
BIT 10 (LSB)

T

FIGURE 6. FEEDTHROUGH ERROR

+5V UNGROUNDED
SINE WAVE
GENERATOR
400Hz 1Vp.p 500k
0V 5K 0.01%
VREF Wy + -
BIT1 I 5kQ 0.01% HA2600,
(MSB) f 15 14 | RFeEDBACK +
4 16
% 5 1
CILR L v
133 2
(LSB) J_

GND = . =

FIGURE 3. POWER SUPPLY REJECTION

NC +15V
+15V l
BIT1(MSB) § 15 14
4 16— NC
v 5
: AD7520 1kQ
1
]
13 2 100mVp.p
BIT 10 (LSB)

3 1MHz
1 =4 SCOPE

FIGURE 5. OUTPUT CAPACITANCE

5t: 1% SETTLING (1mV)
EXTRAPOLATE 8t 0.03% SETTLING
=RISETI
Veer s t = RISE TIME

-0V ————l l

g1 Mse) [15 14
+5v ' :
ov [ 1 AD7520 | +100mv_/ L[\ SgoRE
DIGITAL | ; 1
npuT L 133 2
BIT10 (LSB)

i

FIGURE 7. OUTPUT CURRENT SETTLING TIME
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AD7520, AD7530, AD7521, AD7531

Applications
Unipolar Binary Operation

The circuit configuration for operating the AD7520 in unipo-
lar mode is shown in Figure 8. Similar circuits can be used
for AD7521, AD7530 and AD7531. With positive and nega-
tive VRer values the circuit is capable of 2-Quadrant multipli-
cation. The “Digital Input Code/Analog Output Value” table
for unipolar mode is given in Table 1.

+15V

VREF —] l

BIT1(MsSB) | 15 14 § Rreepsack
Ot 4 16
O—y——eetr | 5 louT1

DIGITAL | ADT7520
INPUT
Ot 13 3 2

BIT 10 (LSB l
(LsB) _LGND

FIGURE 8. UNIPOLAR BINARY OPERATION (2-QUADRANT
MULTIPLICATION)

| Vout
ouT2

TABLE 1. CODE TABLE - UNIPOLAR BINARY OPERATION

“Digital Input Code/Analog Output Value” table for bipolar
mode is given in Table 2.

+15V R3

VREF T AR
10MQ

BIT 1
MsB)| 15 14 | R
(MSB) A FEEDBACK
Oy

IE

E2 |

QE ]

Q o—h—.
BIT 10

(LSB)

FIGURE 9. BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION)

TABLE 2. BIPOLAR (OFFSET BINARY) CODE TABLE

DIGITAL INPUT ANALOG OUTPUT
111111111 Vger (1-27Y)
1000000001 Vrer (o + 27N
1000000000 VReg/2
0111111111 Vrer (122N
0000000001 Vrer 2N
0000000000 0

NOTES:

1. LSB = 2N Vger.
2. N =10 for 7520, 7530;
N =12 for 7521, 7531.
Zero Offset Adjustment
1. Connect all digital inputs to GND.

2. Adjust the offset zero adjust trimpot of the output
operational amplifier for OV at Voyr.

Gain Adjustment

1. Connect all digital inputs to V+.

2. Monitor VOUT for a-VRgF (1-2"N) reading. (N = 10 for
AD7520/30 and N = 12 for AD7521/31).

3. To decrease VoyT, connect a series resistor (0 to 250Q2)
between the reference voltage and the VRgr terininal.

4. To increase VoyT, connect a series resistor (0 to 250Q) in
the oyt amplifier feedback loop.

Bipolar (Offset Binary) Operation

The circuit configuration for operating the AD7520 in the
bipolar mode is given in Figure 9. Similar circuits can be
used for AD7521, AD7530 and AD7531. Using offset binary
digital input codes and positive and negative reference volt-
age values, 4-Quadrant multiplication can be realized. The

DIGITAL INPUT ANALOG OUTPUT
1111111111 Vger (1-27(N1)
1000000001 Vrer N1
1000000000 0
0111111111 Vrer (2 (N-1)
0000000001 Vrer (1-2N-1)
0000000000 VREF

NOTES:

1. LsB = 2NN vpee, 2. N = 10 for 7520, 7521;

N = 12 for 7530, 7531.

A “Logic 1" input at any digital input forces the corresponding
ladder switch to steer the bit current to IoyT4 bus. A “Logic 0"
input forces the bit current to loyt2 bus. For any code the
lout1 and lpyt2 bus cuments are complements of one
another. The current amplifier at IoyT2 changes the polarity of
louT? current and the transconductance amplifier at IgyT4 out-
put sums the two currents. This configuration doubles the out-
put range. The difference current resulting at zero offset binary
code, (MSB = “Logic 17, All other bits = “Logic 0"), is corrected
by using an external resistor, (10MQ), from VRgr to loyT2-

Offset Adjustment
1. Adjust VRgr to approximately +10V.
2. Connect all digital inputs to “Logic 1".

3. AdjustlgyTo amplifier offset adjust trimpot for OV £1mV at
louT2 amplifier output.

4. Connect MSB (Bit 1) to “Logic 1" and all othe: bits to “Logic 0".

5. Adjust loyT4 amplifier offset adjust trimpot for OV +1mV at
VouT-

Gain Adjustment

1. Connect all digital inputs to V+.

2. Monitor Voyr fora-VRer (1-2-(N’1) volts reading. (N = 10 for
AD7520 and AD7530, and N = 12 for AD7521 and AD7531).

3. Toincrease Vgyr. connect a series resistor of up to 250Q
between VoyT and REggpBACK-

4. Todecrease VouT, connect a series resister of up to 250Q
between the reference voltage and the Vrgf terminal.
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Die Characteristics

DIE DIMENSIONS: PASSIVATION:
101 mils x 103 mils (2565micrms x 2616micrms) Type: PSG/Nitride
PSG: 7 +1.4kA

METALLIZATION:

Type: Pure Aluminum
Thickness: 10 +1kA

Nitride: 8 +1.2kA

PROCESS:
! CMOS Metal Gate

Metallization Mask Layout

PINS
BITS

PINS
BIT6

PIN 10
BIT7

PIN 11
BITS8

AD7520, AD7530

PIN 4
PIN 6 PINS BIT1
BIT3 BIT 2 (MSB)

uana @suer TISUIANI

=

TS

PIN3
GND

PIN 2
lout2

PIN 1
lout1

PIN 16
RFEEDBACK

PIN15
VREF

PIN 14
V+
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AD7520, AD7530, AD7521, AD7531

Die Characteristics

DIE DIMENSIONS: PASSIVATION:
101 mils x 103 mils (2565micrms x 2616micrms) Type: PSG/Nitride
PSG: 7 1.4kA
METALLIZATION: Nitride: 8 +1.2kA

Type: Pure Aluminum

Thickness: 10 +1kA PROCESS:

CMOS Metal Gate

Metallization Mask Layout
AD7521, AD7531

PIN 4
PIN7 PING PINS BIT 1
BIT 4 BIT 3 BIT 2 (MSB)

e

PIN2

- sy T

I'FUJ il

PIN9 =
BIT6 a
=

1k

@

PIN 10 1E
BIT7 3

l PIN 18

]' r ‘J' '__r RFEEDBACK
o T st e

ICL15283C

PIN 16
V+

PIN 13 PIN 14 PIN 15
BIT 10 BIT 11 BIT 12
(LSB)
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:". Agilent Technologies
.,-';'-._ Innovating Fhe HP Way
Three Channel Optical
Incremental Encoder Modules
Technical Data
HEDS-9040
HEDS-9140

Features

e Two Channel Quadrature
Output with Index Pulse

e Resolution Up to 2000 CPR
Counts Per Revolution

e Low Cost

e Easy to Mount

e No Signal Adjustment
Required

e Small Size

¢ -40°C to 100°C Operating
Temperature

e TTL Compatible
e Single 5 V Supply

Package Dimensions

Description

The HEDS-9040 and HEDS-9140
series are three channel optical
incremental encoder modules.
When used with a codewheel,
these low cost modules detect
rotary position. Each module
consists of a lensed LED source
and a detector IC enclosed in a
small plastic package. Due to a
highly collimated light source and
a unique photodetector array,
these modules provide the same
high performance found in the
HEDS-9000/9100 two channel
encoder family.

~——— 26.67 (1.05) —— ~———86(0.34)
(;:"Gé) 1 [
°'°3,§°;'?3'5,) e gy 2.54 (0.100) TYP. 8% ,35 55 ¢
g il I 1.52 (0.060) —> === 18 2 oenne O
OPTION CODE - <———1,0 (0.04) (0.07)
\ 1 ]"‘_"‘-“'_‘_ e — e e e ."‘ -
s10200— - DATE CODE = (:ﬂ) 6.9 (0.27) T8
. ” H —373£0.05 _ (0.087) 54 ’——J——ﬂ‘ ﬂ (0.47)
¥ . (0.447 £ 0.002) - o, g (0100) - .
102 £010 ® "W's“!“:;@‘ (9:82) i ] v L -@® —
(0.040 £0.004) Y__ (. ; G? L o H- _ﬁ'—x = - ; (3::1)
' ' . i A i 4.75£0.01 ©23)
B 2,67 (0.105) DIA. OPTICAL (023 vy
:&ﬁ{l‘r‘%&?csss MOUNTING THRU CENTER LINE (0.187 £ 0.004) 1
(0.096/0.095)  1.85 (0.073) —> <— Q HOLE 2 PLACES 178+ 010 — o <—s—— 5.46£0.10 ) /
218 *(’o.osS) 8.64 (0.340) —————* a4t xz7e  (0070£0004) (0.215£0.004) P
REF. . 1727 '(0.096/0.085X0.110)  2.92%010 » < OPTICAL
(0.680) 2.16 (0.085) DEEP  (0.115 £ 0.004) CENTER - 4,11 (0.162)
20,06 ] e 1046 o
- 2096 o
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TYPICAL DIMENSIONS IN
SIDE A MILLIMETERS AND (INCHES) SIDEB

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.




The HEDS-9040 and 9140 have
two channel quadrature outputs
plus a third channel index output.
This index output is a 90
electrical degree high true index
pulse which is generated once for
each full rotation of the
codewheel.

The HEDS-9040 is designed for
use with a HEDX-614X codewheel
which has an optical radius of
23.36 mm (0.920 inch). The
HEDS-9140 is designed for use
with a HEDS-5140 codewheel
which has an optical radius of
11.00 mm (0.433 inch).

The quadrature signals and the
index pulse are accessed through
five 0.025 inch square pins
located on 0.1 inch centers.

Standard resolutions between 256
and 2000 counts per revolution
are available. Consult local
Agilent sales representatives for
other resolutions.

Applications

The HEDS-9040 and 9140
provide sophisticated motion
control detection at a low cost,
making them ideal for high
volume applications. Typical
applications include printers,
plotters, tape drives, and
industrial and factory automation
equipment.

Theory of Operation

The HEDS-9040 and 9140 are
emitter/detector modules.
Coupled with a codewheel, these
modules translate the rotary
motion of a shaft into a three-
channel digital output.

As seen in the block diagram, the
modules contain a single Light

76

2
Block Diagram
™7 TResisToR | T T e
: VN R g?
) L1 euoto. |
DIODES \ \
! ] COMPARATORS |
| e '
| ' :D\ i
— A —————ro
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Emitting Diode (LED) as its light
source. The light is collimated
into a parallel beam by means of a
single polycarbonate lens located
directly over the LED. Opposite
the emitter is the integrated
detector circuit. This IC consists
of multiple sets of photodetectors
and the signal processing
circuitry necessary to produce the
digital waveforms.

The codewheel rotates between
the emitter and detector, causing
the light beam to be interrupted
by the pattern of spaces and bars
on the codewheel. The photo-
diodes which detect these
interruptions are arranged in a
pattern that corresponds to the
radius and design of the code-
wheel. These detectors are also
spaced such that a light period on
one pair of detectors corresponds
to a dark period on the adjacent
pair of detectors. The photodiode
outputs are then fed through the
signal processing circuitry _
resulting in A, A, B, B, I and L.
Comparators receive these signals
and produce the final outputs for

channels A and B. Due to this
integrated phasing technique, the
digital output of channel A is in
quadrature with that of channel B
(90 degrees out of phase).

The output of the comparator for
I and I is sent to the index
processing circuitry along with
the outputs of channels A and B.
The final output of channel I is an
index pulse Pg which is generated
once for each full rotation of the
codewheel. This output P is a
one state width (nominally 90
electrical degrees), high true
index pulse which is coincident
with the low states of channels A
and B.
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ROTATION o,
Definitions angle which gives rise to one

Count (N): The number of bar
and window pairs or counts per
revolution (CPR) of the
codewheel.

One Cycle (C): 360 electrical
degrees (%), 1 bar and window
pair.

One Shaft Rotation: 360
mechanical degrees, N cycles.

Position Error (AG®): The
normalized angular difference
between the actual shaft position
and the position indicated by the
encoder cycle count.

Cycle Error (AC): An indication
of cycle uniformity. The differ-
ence between an observed shaft

Absolute Maximum Ratings
Storage Temperature, Tg.....ccocccooovvnne

Operating Temperature, Ty ...

Supply Voltage, VoG ..o
Output Voltage, Vo woevreincciinrrririn.
Output Current per Channel, Igyr.--

electrical cycle, and the nominal
angular increment of 1/N of a
revolution.

Pulse Width (P): The number of
electrical degrees that an output
is high during 1 cycle. This value
is nominally 180° or 1/2 cycle.

Pulse Width Error (AP): The
deviation, in electrical degrees, of
the pulse width from its ideal
value of 180°%.

State Width (S): The number of
electrical degrees between a
transition in the output of channel
A and the neighboring transition
in the output of channel B. There
are 4 states per cycle, each
nominally 90°.

....... -40°C to +100°C
....... -40°C to +100°C

................................................ -05Vto7V
................................................ -0.5Vto VCC

-1.0 mA to 5 mA

Shaft Axial Play .. cosmssssssnsssasessiesvasasssossesssnnsns + (0.25 mm (£ 0.010 in.)
Shaft Eccentricity Plus Radial Play......ccccccceeenn. 0.1 mam (0.004 in.) TIR
VRLOCIEY w.vovvveeeerieiee et esee ettt b e 30,000 RPMI!!
A CCBIERATION e on s v ervsensrvvsrressmevsonsuonsrnss SFESFTRTRSI TS RRTSSS 250,000 rad/sec?!!]
Note:

1. Absolute maximums for HEDS-5140/6140 codewheels only.
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State Width Error (AS): The
deviation, in electrical degrees, of
each state width from its ideal
value of 90%.

Phase (¢): The number of
electrical degrees between the
center of the high state of channel
A and the center of the high state
of channel B. This value is
nominally 90% for quadrature
output.

Phase Error (A¢): The deviation
of the phase from its ideal value
of 90°%.

Direction of Rotation: When the
codewheel rotates in the direction
of the arrow on top of the
mcdule, channel A will lead
channel B. If the codewheel
rotates in the opposite direction,
channel B will lead channel A.

Optical Radius (Rop): The
distance from the codewheel's
center of rotation to the optical
center (0.C.) of the encoder
module.

Index Pulse Width (FPp): The
number of electrical degrees that
an index is high during one full
shaft rotation. This value is
nominally 90° or 1/4 cycle.
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4
Recommended Operating Conditions

Parameter Symbol Min. Typ. Max. Units Notes
Temperature Ta -40 100 °C
Supply Voltage Vee 4.5 5.0 5.5 Volts Ripple < 100 mV_,
Load Capacitance CL 100 pF 2.7 kQ pull-up
Count Frequency f 100 kHz Velocity (rpm) x N/60
Shaft Perpendicularity +0.25 mm 6.9 mm (0.27 in.) from
Plus Axial Play (£0.010) (in.) mounting surface
Shaft Eccentricity Plus 0.04 mm (in.) 6.9 mm (0.27 in.) from
Radial Play : (0.0015) TIR mounting surface

Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. For the HEDS-9040 #T00 for operation
below 0°C and greater than 50 kHz the maximum Pulse Width and Logic State Width errors are 60°%.

Encoding Characteristics
HEDS-9040 (except #T00), HEDS- 9140

Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances
unless otherwise specified. Values are for the worst error over the full rotation of HEDS-5140 and HEDS-

6140 codewheels.

Parameter Symbol Min. Typ.!!! Max. Units
Cycle Error AC 3 5.5 %
Pulse Width Error AP 7 30 ‘e
Logic State Width Error AS 5 30 ‘e
Phase Error A 2 15 ‘e
Position Error AO 10 40 min. of arc
Index Pulse Width o 60 90 120 ‘e
CH. I rise after -25°C to +100°C t; 10 100 250 ns
CH.Bor CH.Afall | _40C to +100°C t, -300 100 250 ns
CH. I fall after -25°C to +100°C t, 70 150 300 ns
CH.Aor CH.Brise [ 40°C to +100°C t, 70 150 1000 ns

Note:
1. Module mounted on tolerance circle of + 0.13 mm ( 0.005 in.) radius referenced from module Side A aligning recess centers. 2.7 kQ

pull-up resistors used on all encoder module outputs.



Encoding Characteristics

HEDS-9040 #TO00

Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances

unless otherwise specified. Values are for the worst error over the full rotation of HEDM-614X Option TXX
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codewheel.
Parameter Symbol Min. Typ.!1] Max. Units

Cycle Error AC 3 7.5 ‘e
Pulse Width Error AP 7 50 ‘e
Logic State Width Error AS 5 50 ‘e
Phase Error Ad 2 15 ‘e
Position Error AO 2 20 min. of arc
Index Pulse Width Pg 40 90 140 %
CH. I rise after -40°C to +100°C t) 10 450 1500 ns
CH. B or CH. A fall

CH. I fall after -40°C to +100°C to 10 250 1500 ns
CH. A or CH. B rise

Note:

1. Module mounted on tolerance circle of + 0.13 mm (+ 0.005 in.) radius referenced from module Side A aligning recess centers. 2.7 kQ

pull-up resistors used on all encoder module outputs.

Electrical Characteristics
Electrical Characteristics over Recommended Operating Range.

Parameter Symbol Min. | Typ.ll | Max Units Notes
Supply Current Icc 30 57 85 mA
High Level Output Voltage Vou 2.4 A% Iog = -200 pA max.
Low Level Output Voltage VoL 04 v IoL = 3.86 mA
Rise Time t 18012 ns CL = 25 pF

Ry = 2.7kQ pull-up
Fall Time tr 49121 ns
Notes:

1. Typical values specified at V. = 5.0 V and 25°C.
2.t and t, 80 nsec for HEDS-9040 #T00.



Electrical Interface

To insure reliable encoding
performance, the HEDS-9040 and
9140 three channel encoder
modules require 2.7 kQ (+ 10%)
pull-up resistors on output pins 2,
3, and 5 (Channels I, A and B) as
shown in Figure 1. These pull-up
resistors should be located as
close to the encoder module as
possible (within 4 feet). Each of
the three encoder module outputs
can drive a single TTL load in this
configuration.

Mounting Considerations

Figure 2 shows a mounting
tolerance requirement for proper
operation of the HEDS-9040 and
HEDS-9140. The Aligning Recess
Centers must be located within a
tolerance circle of 0.005 in.
radius from the nominal locations.
This tolerance must be
maintained whether the module is
mounted with side A as the
mounting plane using aligning
pins (see Figure 5), or mounted
with Side B as the mounting plane
using an alignment tool (see
Figures 3 and 4).
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TO OUTPUT LOGIC
[:> (ONE TTL LOAD

PER QUTPUT)

Figure 1. Pull-up Resistors on HEDS-9X40 Encoder Module Outputs.
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Figure 2. HEDS-9X40 Mounting Tolerance.
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Connectors
Manufacturer Part Number Mounting Surface
103686-4 Both
AMP ,
640442-5 Side B
DuPont 65039-032 with Both
4825X-000 term
HP HEDS-8903 Side B
with 5-wire leads (see Figure 8)
Molex 2695 series with Side B
2759 series term
14.30 16206
(oji I’—————m.u:oml‘—j
1 | R
5.0
10.20] 71 .‘.‘,’_f (°'” -‘gg)) 3:1(0.1220.04)
J_:E—L
? ] 1.50 L f -
.62 (0.059) [N PARAMETER | COLOR
(0182} f 1 GROUND BLACK
18.0 | 2 6IC BLUE
- 0.71) { 3 CH. A WHITE
DIMENSIONS IN MM (INCHES) | : ‘é“"‘ B ::gwn
Figure 8. HEDS-8903 Connector.
Typical Interfaces
CH. A A
HEDS-9040 HCTL-2016/2020 HOST
OR CH.B QUADRATURE PROCESSOR
HEDS-9140 DECODER/
CH.| COUNTER
CH.A A
”E"g“f““ _p HCTL-1100 HOST
. MOTION PROCESSOR
REDS-9140 i i CONTROL IC

81



Ordering Information

11

Three Channel Encoder Modules and Codewheels, 23.36 mm Optical Radius

HEDS-9040 Option E] [o][o]
1

HEDS-6140 OptioxE] %g]

Resolution
(Cycles/Rev)

B-1000 CPR
J-1024 CPR

r
Shaft Diameter
05 - 3/16 in. 11 -4 mm
06 - 1/4 in. 12 - 6 mm
| 07-5/16in. 13 - 8 mm
08 - 3/8 in.
09 - 1/2 in.
10 - 5/8 in.

Three Channel Encoder Modules and Codewheels, 23.36 mm Optical Radius

HEDS-9040 Option [0][o] HEDM-GM! |  Option lﬂ—%‘;
[ ]
Resolution Artwork Shaft Diameter
Cycles/Re Orientation*
(Cy v) = s e 05-3/16in. _ 11-4mm
T -2000 CPR 0 - Artwork on hub side (use 06 - 1/4in S g
when module Side B is A
down) 07 - 5/1§ in.  13-8 mm
1 - Artwork opposite hub side 08 - 3/8 Iy
(use when Module Side A 09 - 1/21in.
is down) 10 - 5/8 in.
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Assembly Tool

HEDS-8906

Assembly Tool

HEDS-8906

*Index will not work if wrong orientation is used. Hub side of codewheel must point away from mounting surface. See Figure 7.

Three Channel Encoder Modules and Codewheels, 11.00 mm Optical Radius

HEDS-9140 Option Lo][0] HEDS-5140 Option [}l [%D
[ I
Resolution Shaft Diameter
Cycles/Rev
(Cye ) 01 -2 mm 11 -4 mm
S-50CPR G - 360 CPR 02 - 3 mm 14 - 5 mm
K-96 CPR H - 400 CPR 03 - 1/8 in. 12 - 6 mm
C-100 CPR A-500CPR 04 - 5/32 in. 13 -8 mm
E-200 CPR 1-512CPR 05 - 3/16 in.
F-256 CPR 06 - 1/4 in.
Accessories

Assembly Tool

HEDS-8905

Please refer to the codewheel data sheet for information on alignment (centering and gap-setting) tools for

the module.
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Order this document by MC33033/D

@ MOTOROLA
MC33033

Brushless DC
Motor Controller

The MC33033 is a high performance second generation, limited feature, BRUSHLESS DC
monolithic brushless dc motor controller which has evolved from Motorola’s MOTOR CONTROLLER
full featured MC33034 and MC33035 controllers. It contains all of the active
functions required for the implementation of open loop, three or four phase
motor control. The device consists of a rotor position decoder for proper
commutation sequencing, temperature compensated reference capable of
supplying sensor power, frequency programmable sawtooth oscillator, fully
accessible error amplifier, pulse width modulator comparator, three open
collector top drivers, and three high current totem pole bottom drivers ideally
suited for driving power MOSFETSs. Unlike its predessors, it does not feature
separate drive circuit supply and ground pins, brake input, or fault output
signal.

SEMICONDUCTOR
TECHNICAL DATA

Included in the MC33033 are protective features consisting of

undervoltage lockout, cycle—by—cycle current limiting with a selectable time .

delayed latched shutdown mode, and internal thermal shutdown. P SUFFIX
Typical motor control functions include open loop speed, forward or PLAS&'\%EP /_\lggAGE

reverse direction, and run enable.The MC33033 is designed to operate
brushless motors with electrical sensor phasings of 60°/300° or 120°/240°,
and can also efficiently control brush dc motors.

¢ 10to 30 V Operation @
e Undervoltage Lockout 20

1

¢ 6.25 V Reference Capable of Supplying Sensor Power DW SUEFIX
o Fully Accessible Error Amplifier for Closed Loop Servo Applications PLAg;'gEP;\géAGE
o High Current Drivers Can Control External 3-Phase MOSFET Bridge (SO-20L)

e Cycle-By-Cycle Current Limiting

¢ Internal Thermal Shutdown

e Selectable 60°/300° or 120°/240° Sensor Phasings

PIN CONNECTIONS

¢ Also Efficiently Control Brush DC Motors with External MOSFET [P
; Top Drive /  B: E E Ct
H-Bridge Output
ATl 2 E Output Enable
FudiRev [ 3| 18] 60°/120° Select
sl [T
Bottom
sensord g (5] 16]eg f Orve
P Outputs
ORDERING INFORMATION Sc E E Cs
Operating Reference Output E E Vee
Device Temperature Range Package
MC33033DW - SO-20L osctatr [ 8 [13] s
TA =-40° to +85°C " E(rorAmp 9 1 Current Sense
MC33033P Plastic DIP Non Inverting Input Non Inverting Input
Error Amp 10 11 | Error Amp Out/
Inverting Input PWM Input
(Top View)

© Motorola, Inc. 1996 Rev 3



MC33033

Representative Schematic Diagram
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This device contains 266 active transistors.
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MC33033
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vce 30 \%
Digital Inputs (Pins 3, 4, 5, 6, 18, 19) - Vref v
Oscillator Input Current (Source or Sink) losc 30 mA
Error Amp Input Voltage Range VIR —0.3 to Vref \
(Pins 9, 10, Note 1)
Error Amp Output Current lout 10 mA
(Source or Sink, Note 2)
Current Sense Input Voltage Range Vsense -0.3t05.0 \
Top Drive Voltage (Pins 1, 2, 20) VCE(top) 40
Top Drive Sink Current (Pins 1, 2, 20) ISink(top) 50 mA
Bottom Drive Output Current IDRV 100 mA
(Source or Sink, Pins 15,16, 17)
Power Dissipation and Thermal Characteristics
P Suffix, Dual-In-Line, Case 738
Maximum Power Dissipation @ Tp = 85°C Pp 867 mwW
Thermal Resistance, Junction—to-Air RgJA 75 °CIW
DW Suffix, Surface Mount, Case 751D
Maximum Power Dissipation @ Tp = 85°C Pp 619 mW
Thermal Resistance, Junction-to-Air Rgya 105 ‘CIW
Operating Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA —40to +85 S
Storage Temperature Range Tstg —-65 to +150 2

ELECTRICAL CHARACTERISTICS (Vg =20V, RT=4.7 k, CT = 10 nF, Tp = 25°C, unless otherwise noted.)
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[ Characteristic Symbol Min Typ Max Unit
REFERENCE SECTION
Reference Output Voltage (lrgf = 1.0 mA) Vref \%
Ta =25°C 59 6.24 6.5
Ta =—40°to + 85°C 5.82 - 6.57
Line Regulation (Vcc =10 Vto 30 V, lref = 1.0 mA) Regjine - 1.5 30 mV
Load Regulation (Iref = 1.0 mA to 20 mA) Regjoad - 16 30 mV
Output Short—Circuit Current (Note 3) Isc 40 75 - mA
Reference Under Voltage Lockout Threshold Vih 4.0 4.5 5.0 \
ERROR AMPLIFIER
Input Offset Voltage (Tp = —40° to + 85°C) Vio - 0.4 10 mV
Input Offset Current (Ta = —40° to + 85°C) llo - 8.0 500 nA
Input Bias Current (Ta = —40° to + 85°C) =) - -46 -1000 nA
Input Common Mode Voltage Range VICR (0 Vto Vief) \'
Open Loop Voltage Gain (Vo =3.0V, R = 15K) AvoL 70 80 - dB
Input Common Mode Rejection Ratio CMRR 55 86 - dB
Power Supply Rejection Ratio (Vcc = 10 Vto 30 V) PSRR 65 105 - dB
Qutput Voltage Swing \
High State (R = 15 k to Gnd) VOoH 4.6 5.3 -
Low State (R =17 kto Vref) VoL - 0.5 1.0

NOTES: 1. The input common mode voltage or input signal voltage should not be allowed to go negative by more than 0.3 V.

2. The compliance voltage must not exceed the range of —0.3 to Vief.

3. Maximum package power dissipation limits must be observed.

MOTOROLA ANALOG IC DEVICE DATA
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MC33033
ELECTRICAL CHARACTERISTICS (continued) (Voo =20 V, R = 4.7 k, CT = 10 nF, Ta = 25°C, unless otherwise noted.)
Characteristic | symbol |  Min Typ Max Unit
OSCILLATOR SECTION
Oscillator Frequency fosc 22 25 28 kHz
Frequency Change with Voltage (Vcc = 10 V to 30 V) Afosc/aV - 0.01 5.0 %
Sawtooth Peak Voltage Vosc(p) - 4.1 4.5 \
Sawtooth Valley Voltage Vosc(v) 1.2 1.5 - \
LOGIC INPUTS
Input Threshold Voltage (Pins 3, 4, 5, 6, 18, 19) \%
High State VIH 3.0 2.2 -
Low State ViL - 1.7 0.8
Sensor Inputs (Pins 4, 5, 6) HA
High State Input Current (V|4 = 5.0 V) IIH -150 =70 -20
Low State Input Current (Vi =0 V) IiL -600 -337 -150
Forward/Reverse, 60°/120° Select and Output Enable HA
(Pins 3,18, 19)
High State Input Current (V|4 = 5.0 V) IIH -75 -36 -10
Low State Input Current (V) =0 V) L -300 =175 =75
CURRENT-LIMIT COMPARATOR
Threshold Voltage Vih 85 101 115 mV
Input Common Mode Voltage Range VICR ot 3.0 e \
Input Bias Current 1B — -0.9 -5.0 © pA
OUTPUTS AND POWER SECTIONS
Top Drive Output Sink Saturation (Igjnk = 25 mA) VCE(sat) - 0.5 1% \Y
Top Drive Output Off-State Leakage (Vcg = 30 V) IDRV(leak) = 0.06 100 A
Top Drive Output Switching Time (C_ =47 pF, R = 1.0k) ns
Rise Time tr - 107 300
Fall Time tf - 26 300
Bottorn Drive Output Voltage \Y
High State (Vg =30V, Isource = 50 mA) VoH (Vcc-20) | (Vcc-1.1) -
Low State (Vg =30V, lgjnk = 50 mA) VoL - 1.5 2.0
Bottom Drive Output Switching Time (C|_ = 1000 pF) ns
Rise Time tr - 38 200
Fall Time t = 30 200
Under Voltage Lockout Y
Drive Output Enabled (V¢ Increasing) Vth(on) 8.2 8.9 10
Hysteresis VH 0.1 0.2 0.3
Power Supply Current Ilcc - 15 22 mA

4 MOTOROLA ANALOG IC DEVICE DATA
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MC33033
PIN FUNCTION DESCRIPTION
Pin Symbol Description
1,2, 20 BT. AT.CT These three open collector Top Drive Outputs are designed to drive the external upper
power switch transistors.
3 Fwd//Rev The Forward/Reverse Input is used to change the direction of motor rotation.
4,5, 6 SaA. SB. Sc These three Sensor Inputs control the commutation sequence.

7 Reference Output This output provides charging current for the oscillator timing capacitor Ct and a
reference for the Error Amplifier. It may also serve to furnish sensor power.

8 Oscillator The Oscillator frequency is programmed by the values selected for the timing
components, RT and CT.

9 Error Amp Noninverting Input This input is normally connected to the speed set potentiometer.

10 Error Amp Inverting Input This input is normally connected to the Error Amp Output in open loop applications.

1 Error Amp Out/PWM Input This pin is available for compensation in closed loop applications.

12 Current Sense Noninverting Input | A 100 mV signal, with respect to Pin 13, at this input terminates output switch conduction
during a given oscillator cycle. This pin normally connects to the top side of the current
sense resistor.

13 Gnd This pin supplies a separate ground return for the control circuit and should be
referenced back to the power source ground.

14 Vee This pin is the positive supply of the control IC. The controller is functional over a Vo
range of 10 to 30 V.

15,16,17 | Cg.Bg. A These three totem pole Bottom Drive Outputs are designed for direct drive of the external
bottom power switch transistors.

18 60°/120° Select The electrical state of this pin configures the control circuit operation for either 60°
(high state) or 120° (low state) sensor electrical phasing inputs.

19 Output Enable A logic high at this input causes the motor to run, while a low causes it to coast.

MOTOROLA ANALOG IC DEVICE DATA




MC33033

Figure 18. Representative Block Diagram
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MC33033

Brush Motor Control

Though the MC33033 was designed to control brushless
dc motors, it may also be used to control dc brush-type
motors. Figuie 44 shows an application of the MC33033
driving a H-bridge affording minimal parts count to operate a
brush-type motor. Key to the operation is the input sensor
code [100] which produces a top—left (Q1) and a bottom-right
(Q3z) drive when the controller's Forward/Reverse pin is at
logic [1]; top—right (Qg4), bottom-left (Q2) drive is realized
when the Forward/Reverse pin is at logic [0]. This code
supports the requirements necessary for H-bridge drive
accomplishing both direction and speed control.

The controller functions in a normal manner with a pulse
width modulated frequency of approximately 25 kHz. Motor
speed is controlled by adjusting the voltage presented to the
noninverting input of the Error Amplifier establishing the
PWM'’s slice or reference level. Cycle—by—cycle current
limiting of the motor current is accomplished by sensing the
voltage (100 mV threshold) across the Rg resistor to ground
of the H-bridge motor current. The over current sense circuit
makes it possible to reverse the direction of the motor, on the

fly, using the normal Forward/Reverse switch, and not have to
completely stop before reversing.

LAYOUT CONSIDERATIONS

Do not attempt to construct any of the motor control
circuits on wire—wrap or plug—in prototype boards. High
frequency printed circuit layout techniques are imperative to
prevent pulse jitter. This is usually caused by excessive noise
pick—up imposed on the current sense or error amp inputs.
The printed circuit layout should contain a ground plane with
low current signal and high drive and output buffer grounds
returning on separate paths back to the power supply input
filter capacitor Vp\g. Ceramic bypass capacitors (0.01 pF)
connected close to the integrated circuit at Voc, Vref and
error ampliflier noninverting input may be required depending
upon circuit layout. This provides a low impedance path for
filtering any high frequency noise. All high current loops
should be kept as short as possible using heavy copper runs
to minimize radiated EMI.

Figure 44. H-Bridge Brush-Type Controller
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MC33033
OUTLINE DIMENSIONS
P SUFFIX
PLASTIC PACKAGE
\ 2l CASE 738-03
- t=A] ISSUE E s
Petin T e BB ke W0 e BB b B8 s o B e O e B e § 1. DIMENSIONING AND TOLERANCING PER ANSI
20 11 ) Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
o B 3. DIMENSION L TO CENTER OF LEAD WHEN
1 10 i FORMED PARALLEL
A IR R 4. DIMENSION B DOES NOT INCLUDE MOLD
—C le— L FLASH.
| INCHES | MILLIMETERS |
[ | DIM | MIN | MAX | MIN | MAX
[I A | 1.010 | 1070 | 2566 | 21.47
B | 0240 [ 0260 | 610 660
T / \ C [ 0150 | 0180 | 381 457
SEATING / \ D | 0015] 0022 039 055
PLANE M E | 0050BSC 12785C |
ol F_] 0050 | 0070 | 127 177
G | 0
] J o.oo%—o.lz%
—>jr— J 20PL K | 0110 | 0140 | 280 | 355 |
L 0.300 BSC 76285C
D2opL @l0250010@ 1] B®] H1— 58179
@lo250010@ [T A® ] N1 0020 | 0040 | 051 | 101
DW SUFFIX
PLASTIC PACKAGE
CASE 751D-04
i NOTES:
1=A=T (SO-20L) 1. DIMENSIONING AND TOLERANCING PER
H H H H H H H H H H ] ISSUE E ANSI Y14.5M, 1982,
2. CONTROLLING DIMENSION: MILLIMETER.
20 7 3. DIMENSIONS A AND B DO NOT INCLUDE
& MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.150
P 10 PL (0.006) PER SIDE.
5. DIMENSION D DOES NOT INCLUDE
D FQI 0.010 (0.25) ® l B @] DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.13
« 0.005) TOTAL IN EXCESS OF D DIMENSION
’H H H H H H H H H H"’_—__‘_ 1\7 MA)XIMUM MATERIAL CONDITION.

;

—'H‘—DzuPL ) e | Max ]Jum MAX
[© 0010025 ®[1] A® [ B O] ¥l e
r
pA

7.60 0.299
\ } R x 45°
|

-

050 | 0.0 { 0020 | 0.035
1.27BSC 0.050 BSC
025 032 | 0010 | 0012
010 | 025 | 0004 | 0.009 |
0° (1 0 I
1005 11055 | 0395 | 0415
0251 075 1 00101 0029

2.35 2.65 | 0.093 | 0.104
\ 4

0.35 0.49 | 0014 | 0.019
SEATING
—f f—Gr [K PLANE EM\

PoEXi-|Omo|Om

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particuiar purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters whichmay be provided in Motorola
datasheets and/or specifications can and do vary in different applications and actual performance may vary over time. Alloperating parameters, including “Typicals”
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products forany such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
andits officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, 2ny claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal

. Opportunity/Afirmative Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Seibu-Butsuryu-Center,
P.0. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: http://Design—NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298

[} MC33033/D

R G AR





