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Abstract

This project was simulation of video camera motion controlling. It was studied about video
camera motion following American football player in the field. This thesis indicated the details of
designing and constructing controlled-motion model, Objective of project was the designing field
and controlled-motor circuit for video camera motion control in American football field. This project

could develop and apply for another project in the future.
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43 mfadenuiemesuazdidiumuileundy
1. AadefuveIAeidaf 1 Taoru IC PCF89SI i Address &H44
Call [2CStart
Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H44)
Call Ack
Call Send8BIT( ussdufidosmsdeenn * 51)
Call Ack
Call I2CStop
2. AarefuNBIAB AT 2 TAgr L IC PCF8574 fi Address &HT2
Call 12CStart
Call Send8BIT(&H72)
Call Ack
Call Send$BIT( 548 UTiRBIN1Td9@BA * 51)
Call Ack
Call 12CStop
3. Aadesuuemesdaf 2 Taeru IC PCFR574 i Address &KHT4
Call I2CStart
Call Send8BIT(&H74)
Call Ack
Call Send8BIT( 59 uiR@INIsdI00N * 51)
Call Ack
Call 12CStop
4 fndefunemesdaf 2 Tasriy IC PCF8574 i Address &HT6
Call I2CStart
Call Send8BIT(&H76)
Call Ack
Call Send8BIT( usefufiR@IN1Td 908N * 51)
Call Ack
Call I2CStop



4 v ¥
5. nsAadeiudadumuileunduyic 4 &1 svru I PCFe591 Tneligadidadail

Call I2CStart

Call Send8BIT(&H90)

Call Ack

Call Send8BIT(&H45)

Call Ack

Call I2CStop

Call I2CStart

Call Send8BIT(&H91)

Call Ack

R1={(DAT *5) /256

Call MAck

R2 = (DAT * 5) /256

Call MAck

R3 = (DAT *5) /256

Call MAck

R4 = (DAT * 5) /256

Call Ack

Call I2CStop
R1,R2.R3.R4 s sfteunduun'lg

Tnef i Sub Function #1195 udede il
Private Sub I2CStart()

Out &H37A, Inp(&H37A) Or1 'SDA=1

Out &H37A, Inp(&H37A) Or2 'SCL~=1

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

26



Private Sub I2CStop()

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or 2 'SCL=1

Out &H37A, Inp(&H37A) Or 1 'SDA=1

End Sub

Private Sub Send0()

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or 2 'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0

End Sub

Private Sub Send1()

Out &H37A, Inp(&H37A) Or1 'SDA=1

Out &H37A, Inp(&H37A) Or2  'SCL~1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

Private Sub Ack()

Out &H37A, Inp(&H37A) Or 1 'SDA=1

Out &H37A, Inp(&H37A) Or2 'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

Private Sub MAck()

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or2  'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
Out &H37A, Inp(&H37A) Or 1 'SDA=1

End Sub
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Private Function DAT()

ForI=7To 0 Step -1

Out &H37A, Inp(&H37A) Or 1 'SDA=1

Out &H37A, Inp(&H37A) Or2 'SCL=1
If (Inp(&H379) And &H80) <> &H80 Then 'Read SDA

DAT1 =2"10r DATI1
End If
Out &H37A, Inp(&H37A) And &HFD  'SCL=0
Next I
DAT =DATI1 'Data 8 Bit

End Function

Private Sub Send8BIT(Add As Integer)
ForI=7To 0 Step -1 'Loop 7 Cycle
If (AddAnd 27 1)=2"1Then 'TestBit0OR 1
Call Send1
Else
Call Send0
End If
Next I

End Sub
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Tilsunsuniugy

Private Sub Commandl_Click()
Dim D, V1 As Variant
D =30
L =Sqr((20* 2) + (20~ 2) + (20~ 2))
X =Val(Textl.Text) * 5
Y = Val(Text2.Text) * 5
Z =(6 - Val(Text3.Text)) * 5
Text4.Text=Sqr{((X +5) 2 2)+ (Y +5)*2) +((Z +5)*2))
Text5.Text=Sqr{(X +5)*2)+(D-Y +5)"2) +(Z+5) " 2))
Text6.Text=Sqr((D-X+5)*2) + (Y +5)*2)+(Z +5) " 2))
Text7.Text=Sqr{((D-X+5)*22)+(D-Y +5)"2)+(Z+5)"2))
V3 =25+(0.044 * (L - Text4.Text))
V2 =2.5+(0.044 * (L - Text5.Text))
V4 =25 +(0.044 * (L - Text6.Text))
V5=2.5+(0.044 * (L - Text7.Text))
V1=V3
Text8.Text=V1
Text9.Text=V2
Text10.Text=V4
Textl1.Text=V5
If V1 >2.5Then
M1 =3.25
ElseIf V1 <2.5 Then
Ml =1.75
Elself V1 =2.5 Then
Ml =25
End If
IfV2>2.5Then

M2 =3.25



Elself V2 < 2.5 Then
M2=1.75

Elself V2= 2.5 Then
M2=25

End If

If V4> 2.5 Then
M3 =3.25

Elself V4 <2.5 Then
M3 =1.75

Elself V4 = 2.5 Then
M3 =25

End If

If V5> 2.5 Then
M4 =325

Elself V5 < 2.5 Then
M4 =1.75

ElseIf V5 =2.5 Then
M4=25

End If

Text12.Text =Ml

Text13.Text = M2

Textl4.Text = M3

Textl5.Text=M4

If M1 > 5 Then
M1=5

End If

Call 12CStart

Call Send8BIT(&H90)

Call Ack

Call Send8BIT(&H44)

Call Ack



Call I2CStart

Call Send8BIT(&H76)
Call Ack

Call Send8BIT(M4 * 51)
Call Ack

Call 12CStop

Timerl.Enabled = True
Call Timerl Timer
End Sub
Private Sub Timerl_Timer()
Call I2CStart
Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H45)
Call Ack
Call I12CStop
Call 12CStart
Call Send8BIT(&H91)
Call Ack
R1=(DAT *5) /256
Call MAck
R2 = (DAT * 5) /256
Call MAck
R3 = (DAT *5)/256
Call MAck
R4 = (DAT * 5) /256
Call Ack
Call I2CStop
Textl6.Text=R1

Textl7.Text=R2



Textl8.Text=R3
Textl9.Text = R4
P1 =(100 * Abs(2.5 -R1))/ (Abs(V3 - 2.5))
P2 = (100 * Abs(2.5 - R2)) / (Abs(V2 - 2.5))
P3 =(100 * Abs(2.5 - R3)) / (Abs(V4 - 2.5))
P4 = (100 * Abs(2.5 - R4)) / (Abs(V5 - 2.5))
Text20.Text=P1
Text21.Text = P2
Text22.Text =P3
Text23.Text=P4
IfP1 >P3 And P1 > P4 And P2 > P3 And P2 > P4 Then
M5=25
M6=25
M7 =M3
M8 = M4
Elself P1 > P2 And P1 > P4 And P3 > P2 And P3 > P4 Then
M5=25
M6 = M2
M7=25
M8 =M4
Elself P1 > P2 And P1 > P3 And P4 > P2 And P4 > P3 Then
M5=25
M6 =M2
M7 =M3
M8=25
Elself P2>P1 And P2 > P4 And P3 > P1 And P3 > P4 Then
M5 =M1
M6=2.5
M7=25
M8 = M4

Elself P2>P1 And P2 > P3 And P4 > P1 And P4 > P3 Then



M5 =Ml
M6 =2.5
M7 =M3
M8 =25
ElseIf P3 > P1 And P3 > P2 And P4 > P1 And P4 >P2 Then
MS =Ml
M6 = M2
M7=2.5
M8 =25
End If
If P1 >= 100 Then
M5=25
End If
If P2 >= 100 Then
M6=2.5
End If
If P1 >= 100 Then
M7=25
End If
If P2 >= 100 Then
M8 =25
End If
If M5 =2.5 And M6 = 2.5 And M7=2.5 And M8 = 2.5 Then
Timerl.Enabled = False
End If
Text24.Text = M5
Text25.Text=M6
Text26.Text=M7
Text27.Text = M8
[f M5 > 5 Then
MS5=5



End If

Call 12CStart

Call Send8BIT(&H90)
Call Ack

Call Send8BIT(&H44)
Call Ack

Call Send8BIT(MS * 51)
Call Ack

Call I2CStop

If M6 > 5 Then
Mé6=5
End If
Call I2CStart
Call Send8BIT(&H72)
Call Ack
Call Send8BIT(M6 * 51)
Call Ack
Call I2CStop

If M7 > 5 Then
M7=5
Znd If
Call I2CStart
Call Send8BIT(&H74)
Call Ack
Call Send8BIT(M7 * 51)
Call Ack

|||||



Call I2CStop

vvvvv

If M8 > 5 Then
M8=5

End If

Call I2CStart

Call Send8BIT(&H76)

Call Ack ‘

Call Send8BIT(MS * 51)

Call Ack

Call I2CStop
End Sub
Private Sub I2CStart()
Out &H37A, Inp(&H37A) Or1  'SDA=1
Out &H37A, Inp(&H37A) Or2 'SCL~1
Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub
Private Sub I2CStop()
Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or 2 'SCL=1
Out &H37A, Inp(&H37A)Or 1 'SDA=I
End Sub
Private Sub Send(()
Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or2 'SCL=1
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub
Private Sub Send1()
Out &H37A, Inp(&H37A) Or 1 'SDA=1



Out &H37A, Inp(&H37A) Or2 'SCL~I1
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub
Private Sub Ack()
Out &H37A, Inp(&H37A) Or 1 'SDA=1
Out &H37A, Inp(&H37A) Or2 'SCL=I
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub
Private Sub MAck()
Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or2  'SCL=1
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
Out &H37A, Inp(&H37A) Or 1 'SDA=1
End Sub
Private Function DAT()
For I=7To 0 Step -1
Out &H37A, Inp(&H37A) Or1  'SDA=1
Out &H37A, Inp(&H37A) Or2 'SCL~1
If (Inp(&H379) And &H80) < &H80 Then 'Read SDA
DATI =2"10r DATI1
End If
Out &H37A, Inp(&H37A) And &HFD  'SCL=0
Next1
DAT =DATI 'Data 8 Bit
End Function
Private Sub Send8EIT(Add As Integer)
ForI1=7To 0 Step -1 ' Loop 7 Cycle
If (Add And2~1)=2~1Then 'TestBit0OR 1
Call Send1
Else
Call Send0



End If
Next I
End Sub
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Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

1 FEATURES

e Single power supply
» Operating supply voltage 2.5 Vto 6 V

e Low standby current
e Serial input/output via 12C-bus
» Address by 3 hardware address pins 3 GENERAL DESCRIPTION

 Sampling rate given by 12C-bus speed The PCF8591 is a single-chip, single-supply low power
8-bit CMOS data acquisition device with four analog
inputs, one analog output and a serial I2C-bus interface.
Three address pins A0, A1and A2 are used for
programming the hardware address, allowing the use of
« Analog voltage range from Vss to Vpp up to eight devices connected to the 12C-bus without

e On-chip track and hold circuit additional hardware. Address, control and datate-and from
the device are transferred serially via the two-line
bidirectional 12C-bus.

e 4 analog inputs programmable as single-ended or
differential inputs

e Auto-incremented channel selection -

 8-bit successive approximation A/D conversion
= Multiplying DAC with one analog output.
The functions of the device include analog input
multiplexing, on-chip track and hold function, 8-bit
2 APPLICATIONS analog-to-digital conversion and an 8-bit digital-to-analog
conversion. The maximum conversion rate is given by the
maximum speed of the I2C-bus.

Closed loop control systems
« Low power converter for remote data acquisition
« Battery operated equipment

» Acquisition of analog values in automotive, audio and
TV applications.

4 ORDERING lNFORMATIC;N

TYPE PACKAGE
| -NUMBER NAME DESCRIPTION VERSION
PCA8591P DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
PCAB591T S016 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1

1998 Jul 02 3



Product specification

Philips Semiconductors

PCF8591

8-bit A/D and D/A converter

5 BLOCK DIAGRAM
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter PCF8591
6 PINNING
SYMBOL | PIN DESCRIPTION
AINO 1
AINA1 2 analog inputs
AIN2 3 (A/D converter) o [I U E Voo
AIN3 4 ;
B = ant 2] 5] aout
Al 6 hardware address ANz 3] 14] Ver
A2 7 AN3 [« -~ |13] acno
: : PCFBS531
Vss 8 negative supply voltage A0 E El EXT
SDA 9 12C-bus data input/output E 2 -
At fs
SCL 10 | I12C-bus clock input
0SC 11 |oscillator input/output e E 10] sc
EXT 12 | externalintemal switch for oscillator Vss E 9] soa
InpUt 7Z80959.1
AGND 13 analog ground
VRer 14 voltage reference input
AOUT 15 analog output (D/A converter) Fig.2 Pinning diagram.
Voo 16 positive supply voltage

1998 Jul 02



Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

7 FUNCTIONAL DESCRIPTION
7.1 Addressing

Each PCF8591 device in an I2C-bus system is activated by
sending a valid-address to the device. The address
consists of a fixed part and a programmable part.

The programmable part must be set according to the
address pins AQ, A1 and A2. The address always has to
be sent as the first byte after the start condition in the
12C-bus protocol. The last bit of the address byte is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MS8 Lse
[ Te]e [ [x]a]opm
{ixed pant programmable part
Fig.3 Address byte.

7280960

1998 Jul 02

7.2  Control byte

The second byte sent to a PCF8591 device will be stored
in its control register and is required to control the device
function.

The upper nibble of the control register is used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog input channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channel number is incremented automatically after
each A/D conversion.

If the auto-increment mode is desired in applications
where the internal oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the internal oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The analog output enable flag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel results in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel will be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog output is switched to a high-impedance
state.



Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

7.3

The third byte sent to a PCF8591 device is stored in the
DAC data register and is converted to the corresponding
analog voltage using the on-chip D/A converter. This D/A
converter consists of a resistor divider chain connected to
the external reference voltage with 256 taps and selection
switches. The tap-decoder switches one of these taps to
the DAC output line (see Fig.5).

D/A conversion

The analog output voltage is buffered by an auto-zeroed
unity gain amplifier. This buffer amplifier may be switched
on or off by setting the analog output enable flag of the
control register. In the active state the output voltage is
held until a further data byte is sent.

The on-chip D/A converter is also used for successive
approximation A/D conversion. In order to release the
DAC for an A/D conversion cycle the unity gain amplifier is
equipped with a track and hold circuit. This circuit holds the
output voltage while executing the A/D conversion.

The output voltage supplied to the analog output AOUT is
given by the formula shown in Fig.6. The waveforms of a
D/A conversion sequence are shown in Fig.7.

VReF — DAC OUT
R256
R255 i
{ t 1
1 1 1
t ! 1
le—— D7
R3 l«—— D6
TAP t
DECODER l'
R2 92
le—— DO
» 01
AGNO
00
7280962
Fig.5 DAC resistor divider chain.

1998 Jul 02



Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

[Tl ]e] commone

l——J- A/D CHANNEL NUMBER:

00 channel 0
01 channel 1
10 channel 2
11 channel 3

AUTOINCREMENT FLAG:

(switched on if 1)

L ANALOGUE INPUT PROGRAMMING:

00 Four single ended inputs

AINO channel 0
AIN1 channel 1
AIN2 channel 2
AIN3 channel 3

01 Three differential inputs

AINO
channel 0

AINT —
channel 1

channel 2

j>___
AINZ ____I:

AIN3 —

10 Single ended and differential mixed
AINO channel 0

AIN{ ————— channel 1

AIN2
channel 2
AIN3

11 Two ditferential inputs

AINO

channel 0
AIN1
AIN2

channel 1
AIN3

L ANALOGUE OUTPUT ENABLE FLAG:

(analogue output active if 1) 7280961

Fig.4 Control byte.

1998 Jul 02



Philips Semiconductors

Product specification

Remote 8-bit I/O expander for 12C-bus

'PCF8574

1

FEATURES
Operating supply voltage 2.5to 6 V
Low standby current consumption of 10 pA maximum
12C to parallel port expander
Open-drain interrupt output
8-bit remote 1/O port for the 12C-bus
Compatible with most microcontrollers

Latched outputs with high current drive capability for
directly driving LEDs

Address by 3 hardware address pins for use of up to
8 devices (up to 16 with PCF8574A)

DIP16, or space-saving SO16 or SSOP20 packages.

3 ORDERING INFORMATION

2 GENERAL DESCRIPTION

The PCFB8574 is a silicon CMOS circuit. It provides general
purpose remote I/O expansion for most microcontroller
families via the two-line bidirectional bus (I12C).

The device consists of an 8-bit quasi-bidirectional port and
an 12C-bus interface. The PCF8574 has a low current
consum, tion and includes latched outputs with high
current drive capability for directly driving LEDs. It also
possesses an interrupt line (IN_T) which can be connected
to the interrupt logic of the microcontroller. By sending an
interrupt signal on this line, the remote I/O can inform the
microcontroller.if there is incoming data on its ports without
having to communicate via the 12C-bus. This means that
the PCF8574 can remain a simple slave device.

The PCF8574 and PCF8574A versions differ only in their
slave address as shown in Fig.9.

PACKAGE

TYPE NUMBER
NAME DESCRIPTION VERSION
PCF8574P; DIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-1
PCF8574AP
PCFB8574T, SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
PCF8574AT
PCF8574TS SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1

1997 Apr 02



Philips Semiconductors

Product specification

Remote 8-bit /0 expander for 12C-bus PCF8574
4 BLOCK DIAGRAM
T 13 INTERRUPT
iNT by LP FILTER
1 PCF8574
AOQ 3 2]
Al ; 4 ro
3 d =
AZ | s\ P1
49 A4 6
sCL " 2 H— ~ P2
= INPUT 12C-8US 7] e
SDA . FILTER CONTROL SHIFT vo 3
b REGISTER PORT P4
BB ol 0
| 1
Ao P
& 12 P
P7
£y
: WRITE pulse
i 16 \ READ pulse
=4\ POWER-ON [
Vss ——0 RESET
MBD98O

Fig.1 Block diagram (SOT38-1 and SOT162-1).

1997 Apr 02




Philips Semiconductors

Product specification

PCF8574

Remote 8-bit /0 expander for [2C-bus
5 PINNING
PIN
SYMBOL DESCRIPTION
DIP16; SO16 SSOP20
A0 1 6 address input 0
A1 2 7 address input 1
A2 3 9 address input 2
PO 4 10 quasi-bidirectional /0 0
21 S 11 quasi-bidirectional 1/0 1
P2 6 12 quasi-bidirectional /0 2
P3 7 14 quasi-bidirectional /0 3
Vss 8 15 supply ground
P4 9 16 quasi-bidirectional /0 4
PS5 10 17 quasi-bidirectional /0 5
P6 11 19 quasi-bidirectional I/0 6
P7 12 20 quasi-bidirectional /0 7
INT 13 1 interrupt output (active LOW)
SCL 14 2 serial clock line
SDA 15 4 serial data line
Voo 16 5 supply voltage
n.c, - 3 not connected
n.c. - 8 not connected
n.c. - i3 not connected
n.c. - 18 not connected
iNT [1 U [20] P7
a0 [0 J 76] Voo SC_L-EZ: 19] P6
A (2] 15) soa ne. (3] 18] nc.
a2 (3 2] sct soA [4] 17] ps
Po (4] pcresza |3 T Voo [5] 16] P4
PCFESTAR PCFBS74TS
P1 E _1—3] P7 AQ E E Vss
P2 (6] 1] Ps a1 [7] [14] 3
ea [7] 10] ps nc. [8 13] ne.
vss [¢] 9] P4 a2 3 [12] P2
MB0979 PO I—Ti E P1
MED978
Fig.2 Pin configuration (DIP16; SO16). Fig.3 Pin configuration (SSOP20).

1997 Apr 02 5



MC54/74HC164

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Volitage (Referenced to GND) -05t0+70 \ C"CU'W, 10 gugrd against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVec+15| V fields. However, precautions must
be taken to avoid applications of any
V, t Volt Referenced to GND -0.5t B
out DG Ditput Veliage (Bfere o GND) Osla¥easlol V voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high-mpedance cir-
" cuit. For proper operation, Vin and
lout DC Output Current, per Pin +25 mA Vout should be constrained to the
Icc DC Supply Current, Vcc and GND Pins +50 mA range GND = (Vin of Vout) s VCC-
P P Dissipation i i Air Plast < DIP 3 Unused inputs must always be
D ower Dissipation in Still Air, Plastic or Cleramnc 1Pt 50 mwW tied to an appropriate logic voltage
SOIC Packaget 509 level (e.g., either GND or Vc()-
Tgtg | Storage Temperature -65t0 + 150 FC Unused outputs must be left open.
T Lead Temperature, 1 mm from Case for 10 Seconds G
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

* Maximum Ratings are those values beyond which camage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: - 10 mW/C from 65° 10 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
vce DC Supply Voltage (Referenced to GND) 20 6.0 v
Vin. Vout | DC Input Voltage. Output Voltage (Referenced to GND) 0 Vce v
TA Operating Temperature, All Package Types -55 |+125| °C
tr. t¢ Input Rise and Fall Time Vcc =20V 0 1000 | ns
(Figure 1) Ve =45V 0 500
Vecc =60V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee -55t
Symbol Parameter Test Conditions v 25°C < 85°C | < 125°C Unit
ViH Minimum High—Level Input Vout=0.1VorvVec-0.1V 20 1.5 1.5 1.5 \
Voltage lloutl < 20 pA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc-0.1V 20 0.3 0.3 0.3 v
Voltage llout! < 20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH Minimum High-Level Output Vin=ViH or Vi 2.0 1.9 1.9 1.9 v
Voltage llout! < 20 uA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViHorViL lloutl S 40mA | 4.5 3.98 3.84 3.70
llout! < 5.2mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin = ViH o ViL 2.0 0.1 0.1 0.1 Y
Voltage llgutl S 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorViL lloytl = 40mA | 45 0.26 0.33 0.40
llout! s 5.2 mA 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = VCC of GND 6.0 +0.1 +1.0 +1.0 HA
Icc Maximum Quiescent Supply Vin = Vo of GND 6.0 8 80 160 pA
Current (per Package) lout = 0 pA

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

High-Speed CMOS Logic Data

MOTOROLA 3-2
DL129 — Rev 6



MC54/74HC164

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t = ¢ = 6 ns)

Guaranteed Limit
Vee -55to
Symbol Parameter v 25°C < 85°C | < 125°C | Unit
fmax Maximum Clock Frequency (50% Duty Cycle) 20 6.0 4.8 4.0 MHz
(Figures 1 and 4) 45 30 24 20
6.0 35 28 24
‘PLH- Maximum Propagation Delay. Clock to Q 20 175 220 265 ns
tPHL (Figures 1 and 4) 45 35 44 53
6.0 30 37 45
tPHL Maximum Propagation Delay. Reset to Q 20 205 255 310 ns
(Figures 2 and 4) 45 a1 51 62
6.0 35 43 53
tTLH. Maximum Output Transition Time, Any Output 20 75 95 110 ns
tTHL (Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than S0 pF. see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
2. Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
Typical @ 25°C,Vcc =50V
Cpp Power Dissipation Capacitance (Per Package)® 140 pF

< Used to determine the no—load dynamic power consumption: Pp = Cpp Vcc2t + Icc V- For load considerations, see Chapter 2 of the
Motorola High-Speed CMOS Data Book (DL129/D).

TIMING REQUIREMENTS (input t, = = 6 ns)

Guaranteed Limit
Vee -55to
Symbol Parameter v 25°C < 85°C | = 125°C | Unit
sy Minimum Setup Time, A1 or A2 to Clock 20 50 65 75 ns
(Figure 3) 45 10 13 15
6.0 g 1" 13
th Minimum Hold Time. Clock to A1 or A2 20 5 5 5 ns
(Figure 3) 45 5 5
6.0 S ) 5
trec Minimum Recovery Time, Reset Inactive to Clock 20 S S S ns
(Frgure 2) 45 433 5 5
6.0 S 5 5
tw Minimum Pulse Width, Clock 20 - 80 100 120 ns
(Figure 1) 45 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset 20 80 100 120 ns
(Figure 2) 4.5 16 20 24
o 6.0 14 17 20
Y Maximum Input Rise and Fall Times 20 1000 1000 1000 ns
(Figure 1) 45 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be founa in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

High—Speed CMOS Logic Data 3-3 MOTOROLA
DL129 — Rev 6



MC54/74HC164

PIN DESCRIPTIONS

INPUTS

A1, A2 (Pins 1,2)

Serial Data Inputs. Data at these irputs determine the data
to be entered into the first stage of the shift register. For a
high level to be entered into the shift register, both A1 and A2
inputs must be high, thereby allowing one input to be used as
a data—enable input. When only one serial input is used, the
other must be connected to VCC.

Clock (Pin 8)

Shift Register Clock. A positive—going transition on this pin
shifts the data at each stage to the next stage. The shift

register is completely static, allowing clock rates down to DC
in a continuous or intermittent mode.

OUTPUTS

Qa - QH (Pins 3,4, 5,6, 10,11, 12, 13)
parallel Shift Register Outputs. The shifted data is pres-
ented at these outputs in true, or noninverted, form.

CONTROL INPUT

Reset (Pin 9)

Active—Low, Asynchronous Reset Input. A low voltage ap-
plied to this input resets all intemal flip—flops and sets Out-
puts Qa —QH to the low level state.

SWITCHING WAVEFORMS

—’1[ r‘— o — 4
. vee
aock | st ;

,.]10% ‘__J
—— o4

WMmax
PLH IPHL —-’J

THL Aj

l —_GND

10%

LWLH

Figure 1.

VALID ——ul
vee
ATOR A2 50% : ){

‘J GND

lgy —>=—t
vee

CLOCK 50%
— GND

Figure 3.

by
v
RESET pre CC
— GND
PHL
Q 50%
trec
vee
CLOCK 50%
— GND
Figure 2.

TEST FOINT
OUTPUT
DEVICE
UNDER .
TEST I G

* Includes all probe and jig capacitance

Figure 4. Test Circuit
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EXPANDED LOGIC DIAGRAM
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DAC0800/DAC0801/DAC.

NNat'ional Semiconductor ,

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog
Converters

General Description
The DAC0800 series are monolithic 8-bit high-speed cur- The DAC0800, DAC0802, DAC0800C, DAC0801C and

rent-output digital-to-analog converters (DAC) featuring typi-  DAC0802C are a direct replacement for the DAC-08, DAC-
cal settling times of 100 ns. When used as a multiplying ~ 08A, DAC-08C, DAC-08E and DAC-08H, respectively.
DAC, monotonic performance over a 40 to 1 reference cur-

rent range is possible. The DACO800 series also features Features

high compliance complementary current outputs to allow @ Fast settling output current 100 ns
differential output vqltages of 20 Vp-p with simple resistor o .1 scale error +1LSB
loads as shown in Figure 1. The reference-to-full-scale cur- a NonlinGarity over temperature +0.1%
rent matching of better than * 1 LSB eliminates the need for . .
full-scale trims in most applications while the nonlinearities ™ Full scale current drift +10 ppm/°C
of better than +0.1% over temperature minimizes system ~® High output compliance —10Vito +18vV
error accumulations. & Complementary current outputs

The noise immune inputs of the DAC0800 series will accept ® Interface directly with TTL, CMOS, PMOS and others
TTL levels with the logic threshold pin, Vi c, grounded. ® 2 quadrant wide range multiplying capability

Changing the V| ¢ potential will allow direct interface to oth- & Wide power supply range +4.5V to 18V
er logic families. The performance and characteristics of the  m Low power consumption 33 mW at £5V
device are essentially unchanged over the full£4.5V to g [ow cost

+ 18V power supply range; power dissipation is only 33 mW

with £5V supplies and is independent of the logic input

states.

Typical Applications

nv

OIGITAL INPUTS

Vour T0 20 Ve

TL/H/5686-1
FIGURE 1. £20 Vp.p Output Digital-to-Analog Converter (Note 4)
Ordering Information
¢
Non-Linearity Ten;pera hure Order Numbers
Ange J Package (J16A)* N Package (N16A)* SO Package (M16A)

+0.1% FS 0°C < Ta < +70°C DACO0802LCJ | DAC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
+0.19% FS | —55°C < Tp < +125°C| DACO800LJ | DAC-08Q
+0.19% FS 0°C < Ta < +70°C DACO0800LCJ | DAC-08EQ | DACOB0OLCN | DAC-08EP DACO0800LCM
+0.39% FS 0°C < Tp < +70°C DACO0801LCN | DAC-08CP DACO0801LCM

*Devices may be ordered by using either order number.

3-6




ol g
Absolute Maximum Ratings note 1) Q
If Military/Aerospace specified devices are required, Lead Temp. (Soldering, 10 seconds) ®
please contact the National Semiconductor Sales Dual-In-Line Package (plastic) 260C | 8
Office/Distributors for avallability and specifications. Dual-In-Line Package (ceramic) 300°C o
Supply Voltage (V+ — V) +18V or 36V Surface Mount Package . >
power Dissipation (Note 2) 500 mW Vz:pore:hffs)e (€0 szconds) 215 8 8
Reference Input Differential Voltage ) Infrared {15'5econds) °°°

(V14 to V15) V-toV+t . are pur
Reference Input Common-Mode Range Operating Conditions (ote 1) S
V14, V15) V- toV+ Min Max Units >
Reference Input Current 5mA Temperature (Ta) 8
Logic Inputs V~ toV~ plus 36V DAC0800L —-55 +125 °C 8
Analog Current Outputs (Vg— = —15V) 4.25 mA DAC0800LC 0 +70 C o
ESD Susceptibility (Note 3) TBDV DACO0801LC 0 +70 C
Storage Temperature —65°Cto +150°C DAC0802LC 0 +70 C
Electrical Characteristics The following specifications apply for Vg = #15V, Iggr = 2mA and Tpin < Ta <
g S ;
Tmax unless otherwise specified. Output characteristics refer to both loyt and loyT.
DACo0800L/
Symbol Parameter Conditions [ i e DAC0800LC DACHEQILG Units
! Min | Typ | Max |Min| Typ | Max |Min| Typ | Max )
Resolution 8 8 [ 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity +0.1 +0.19 +0.39] %FS
& Settling Time To +; LSB, All Bits Switched 100 | 135 100 | 150 ns
“ON" or “OFF", Tp=25°C
DACO0800L 100 135 ns

i DAC0800LC 100 | 150 ns

i tPLH, Propagation Delay Ta=25C

! tPHL Each Bit 35 60 35 60 35 60 ns

i All Bits Switched 35 60 35 60 35 60 ns

{TCles | Full Scale Tempco £10 | £50 +10 | 50 +10 | +80 |ppm/*C

Voo Output Voltage Compliance| Full Scale Current Change -10 18 |(-10 18 |—10 18 \"

<V, LSB, Rout> 20 MQ Typ
s Full Scale Current VRer = 10.000V, R14=5.000 k2| 1.984| 1.992 |2.000(1.94| 1.99 | 2.04 [1.84| 1.99 | 2.04 | mA
R15=5.000 k), To=25°C

IFss Full Scale Symmetry less —lFso 105 | £4.0 +1 | £8.0 +2 | £16| pA

Izs Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0 pA

lesr Output Current Range V-—=-5V 0 20 21 0 2.0 2.1 0 20 2.1 mA

—=-8Vto —18V 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 mA
Logic Input Levels
Vi Logic “0" Vic=0v 0.8 0.8 0.8 )
Vin Logic “1" 2.0 2.0 2.0 \
Logic Input Current Vic=0v

li Logic “0" —10V<V|y< +0.8V —20| —-10 -20]| —10 —20| —-10 nA

iy Logic “1" 2VSVins +18V 0.002 | 10 0.002| 10 0.002| 10 rA

Vis Logic Input Swing V- =-15V -10 v 18 |-10 18 |[—10 18 \

V4R Logic Threshold Range Vg=+15V -10 13.5|-10 13.5 |—-10 13.5 \

lis Reference Bias Current —1.0{-3.0 -1.0]| —-3.0 —1.0| =3.0| pA

di/dt Reference Input Slew Rate |(Figure 12) 40 | 80 40| 8.0 40| 8.0 mA/pus

PSSleg + |Power Supply Sensitivity  [4.5V<V+ <18V 0.0001{ 0.01 0.0001| 0.01 0.0001| 0.01 | %/%

PSSleg - —4.5V<V-<18V 0.0001{ 0.01 0.0001] 0.01 0.0001| 0.01 | %/%

Iger = 1MA
Power Supply Current Vg= 15V, Iggr=1mA
I+ 23 | 38 23 3.8 23 3.8 mA
- —43|-58 -4.3| 58 —43| 58| mA
Vg=5V, —15V, Iggr=2 mA

I+ 24 | 38 24 | 38 24 | 38 | mA

b= —-64|-7.8 —-64|—-78 —6.4| —-78| mA
Vg= +15V,Iggr=2mA

I+ 25 | 38 2.5 3.8 25 3.8 mA

- -65|-78 -6.5|-7.8 -65| 78| mA




DAC0800/DAC0801/DAC0802

Electrical Characteristics (continued)
The following specifications apply for Vg = +15V, {ggr = 2 mA and Tyin < Ta < Tpmax unless otherwise specified. Outpyt

characteristics refer to both loyt and loyt-

&

DAC0800L/ (\
Symbol Parameter |  Conditions DACO802LC DAC0800LC DACO801LC Units
il Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
“Po Power Dissipavon | <5V, lngr=1 mA 33 | 48 33 | 48 3 | 8 | mw
5V,— 15V, lgge=2 mA 108 | 136 108 | 136 108 | 136 | mw
+15V, lngr =2 mA 135 | 174 135 | 174 135 | 174 | mw

Note 1: Absolute Maximum Ratings indicate fimits beyond which damage to the device may occur. DC and AC electrical specifications do not apply v an operating
the device beyond its specified operating conditions.
Note 2: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 125°C. For operating at elevated temperatures, devices in the Dual-in-Line
J package must be derated based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W for the molded Dual-In-Line N package and 100°C/W for the
Small Outline M package.
Note 3: Human body model, 100 pF discharged through a 1.5 kQ resistor.
Note 4: Pin-out numbers for the DACOBOX represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

Connection Diagrams

THRESHOLD 1
CONTROL, V(¢ —] @

Dual-In-Line Package

Block Diagram (note 4)

Small Outline Package

/
U 1S compensaTION vt 16 }--Bg LSB
for -4 AERVI Veer(+)— 2 1548,
Y, =) -
v LRV Rer-) =3 14=86
"uup® o d COMPENSATION—] 4 13}-8;
i I ] THRESHOLD CONTROL, ¥, ¢ = 5 1248,
“sSe 81— p—=283 LS8 -——_6 118
$7¢3 o lour 3
821 1 V7 10}-8,
Q
gLl s lour—1 8 9§—8, MsB
“—" '-’—-IS
TU/H/S686~14
Top View
TL/H/5686-13
Top View
1 See Ordering Information
“se Lse
v vie L1} 82 (3] " s " o7 “
Tu ?| Ts T( Tv ?l TI Tu Tu Tu
I 1 | | | { B 1 |
L sas :I
HETWORK T T A P A 3__:0‘"
1 I 1 T °
1 ::::a;l}gf}za}u u}u u#z@}z'«-m
Vaerll O B o e g - - - -
. K }j [ v :
Vu(r('lO‘—' >
REF
= :
oACHS
1% 1
S o
oMr v
TL/H/5686-2
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Typical Performance Characteristics -

Reference Input

Full Scale Current -
. vs Reference Current LSB Propagation Delay Vs [gs Frequency Response
- 40 12 -
¢ FTaeTuw 10 Tuaxt : 10 [R14=RIS=1k
;E‘ ALLBITSHIGH I T W 8 Ry 500
= s LIMIT FOR > S 6 [ALLBITS"ON"
£ Vet b = = 4 Fvaistov
£ . H> 2w £ 2
3 ~ S ~ 5 o
3 2 T =) 2 »., \
5 3 S wm 11S8=78aA v C
= < g - te
5, s 150 < 1\
b N < 118818 uA o \ J
« N LT FORTT | T 18 J < -3 I\
= V=SV o % -10
F ¢ -12
i 11 8 1 o
0 ' 2 3 . 5 00102 0050100205 1 2 5 10 01 02 05 1 2 s 10
(RgF - REFERENCE CURRENT (mA) Igs ~ OUTPUT FULL SCALE CURRENT (mA) FREQUENCY (MHz)
Curve 1: Cc=15 pF, Viy=2 Vp-p
centered at 1V.
Curve 2: Cc= 15 pF, V=50 mVp-p
centered at 200 mV.
Curve 3: Cc=0 pF, V|y=100 mVp-p
at OV and applied through 50 2 con-
nected to pin 14.2V applied to R14.
Reference Amp " Logic Input Current
_ Common-Mode Range - = y. ‘'vs Input Voltage 1 2 V1 — Vic vs Temperature
4 X
s Ta = Tan 70 Tuax: d 24
— % [ALL TS "ON” z -6 22
E 2 = 2
et s : 1 = 14
E ur——TT < A & 2 15 TS
g o TR 2 e S
S, [yeov veisv Ve 15V o > g S
= 1B T ['rep<2ma 2 = =
2 15 i) = sy
5 - tpegp=tmAi— - e 2 04
il — = g ; 5 o s
E L =] 0 T
04 lpep=02md W, 02
e Y sy | I " 0
14 -0 -6 -2 2 § 10 W 1 ~12-10-8-6-4-2062 ¢ § 81612141618 50 0 S0 10 150
V15 — REFERENCE COMMON-MO0Z VOLTAGE (V) Vi - LOGIC IKPUT VOLTAGE (V) Ty g TEMPERATURE (C)
Note. Positive common-mode range is X
Josfive coT Py
atways (V+) — 1.5V
Output Current vs Output
Voltage (Output Voltage Output Voltage Compliance Bit Transfer
Compliance) ’ vs Temperature Characteristics
28 20 14
ALLBITS “ON~  Tp * Ty TO Thax | i £ I T
_ [, P PR A NN EERAY {
ol B L l s NN ; 2 12 [lree2m i
£ V1SV Ve -SV l T NVANNN £ [
= 2 SHADED AREA INDICATES) e 1
< [ I IReF=2mA il f L €0UTPUT o
15 | 4 —1 e J VOLTAGE RANGE FOR £ ot
3 e 4 -ve-1sVgees2mA 3 3
- = R -
> 121 (ReF = 1 mA = R 5 06 82
& S 0 | FOROTHER -V OR Iges. & Ve tsv
2 s I ® SEE FIGURE EREPP Indvid 1 s
: | o RN T LT Ley
< 04 lner=02mal S N AN 2 02 Bl = -
L Bl I NN NN PARNAY J
U 1 | 12 g o ULLTTT N T
410 6 -2 2 6 10 W1 50 ¢ S0 100 150 ~12-10-8-54-20 24 6 8 101214 1618
Vg - 0UTPUT VOLTAGE (V) Ta - TEMPERATURE (C) vy - LOGIC INPUT VOLTAGE (V)
TL/H/5686-3

Note. B1-B8 have identical transfer characteris-
tics. Bits are fully switched with less than ; LSB
eror, at less than 100 mV from actual thresh-
old. These switching points are guaranteed to lie

. between 0.8 and 2V over the operating tempera-
ture range (Vi c = OV).

20800va/10800vA/00800VA
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DAC0800/DAC0801/DAC0802

Typical Performance Characteristics (Continued)

Power Supply Current Power Supply Current Power Supply Current
.vs TtV vs ~V vs Temperature
10
=z [ACLuITS HIGH OR Low ' A UTSHAY BERIGH OR LOW H o | ALLETSHIGH OR LOW
I | +— <z 7 ( mru“;-zu ] o taep=2mA T
= 1 £ E +
z £ ¢ £ [
g ' 5 [T ]1 £
S 3 - S Ve -15V
3 s  § 1-WiTH Iggg=1mA 3 -]
5 Z % 1 £
4 > T T T
£ £, ;_mmm-uu__L 2 .
: 3 £ -
H € 4 =i £ 3 Ve 15V
s 2 te ¥ b 2 L .
= | ] | i
o = a1 -1
£, . g
0 2 4 6 8 10 12 14 16 18 20 0 -2 -4 4 -8 -10-12-14-16-13-20 -8 S 1% 150
Vg - POSITIVE POWER SuPPLY (VI V - KEGATIVE POWER SUPPLY (V] Ta - TEMPERATURE (°C)
TL/H/S686-4
Equivalent Circuit
st 12
v Ve 1 62 4 [ o \ g
13 1 $ 1 18 11 1
%
? ? !V“? ? ? ?
4
“ T 1 1 1 — 1 f
bl “@ A A a a ')“A“L’ Lo
t s tare
~Vagr ot 3 33
cowr o Jul 'jw wm . rjmu na
y/ 24 A fa’ VA A Y a
N N4 "
\ 4 L "
L 1
“ ® oacoe
3
TU/H/5686-15
. ) . FIGURE 2
Typical Applications (continued)
OIGITAL tRPUTS
st Lss fFs = 2 Veer £255
81 62 63 84 85 85 87 &8 Rrer 256
lo + Io = Igs for all
logic states
For fixed reference, TTL operation,
typical values are:
VRer = 10.000V
Rrer = 5.000k
R15 = Rper
Cc = 001 uF
Vic = 0V (Ground)
TU/H/5686-5
FIGURE 3. Baslc Positive Reference Operation (Note 4)
lnee ~ 24 Raer
—_—
ryvl
Lowre -
9 e Wacom LY
fop DLl “Vaee 00—V
1 """ 7 1%
- _]L"":" TL/H/5686-16
Tt TUMH/5686-21 lps = —VREE 255 Note. Rpe sets es; R15is
Rmer 256  for bias cumrent cancellation

FIGURE 4. Recommended Full Scale Adjustment Circuit
(Note 4)

FIGURE 5. Basic Negative Reference Operation (Note 4)




|
mpical Applications (continued)
14 :

. ———
I . . st Lse
81 82 63 64 85 86 81 M €g

|

5686-4¢

ol

w
1
&

BIGITAL InPUTS

. lagr 2 mA O——rdi

TL/H/5686-17

B1 B2 B3 B4 B5 B6 B7 B8|lgmA|logmA| Eg Eo
Full Scale 1+ 1 1 1 1 1 1 1[1992]0.000|—-9.960| 0.000
FullScale—LSB |1 1 1 1 1 1 1 0 |1984]0.008|—9.920| —0.040
HalfScale+LSB |1 0 0 0O O O O 1 {1.008] 0.984 | —5.040| —4.920
Half Scale 1 0 0 0 O O 0 O [1000]|08992|—5000|—4.960
HalfScale—=1SB | 0 1 1 1 1 1 1 1]0.992| 1.000|—4.960| —5.000
ZeroScale+LSB{ 0 0 0 O O O O 1 /0.008] 1.984 | —0.040| —9.920
Zero Scale 0 0 0 0O O O 0 O0|0.000]|1.992| 0.000 |—9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 4)

“tage = 2 mA Qi
Ya TL/H/5686-6
B1 B2 B3 B4 B5 B6 B7 B8] Eg Eo
Pos. Full Scale 11 1 1 1 1 1 1| —9920(+10.000
Pos.FullScale-=LSB|1 1 1 1 1 1 1 0| —9840| +9.920
ZeroScale+LSB |1 0 0 O 0 0 0O 1| —0080| +0.160
Zero Scale 1 0 0 0 0 0 0O O 0.000 |+0.080
ZeroScale-LSB |0 1 1 1 1 1 1 1] +0.080| 0.000
Neg. Full Scale+LSB{ 0 0 0 0 0 0 O 1| +9.920| —9.840
Neg. Full Scale 0 0 0 0 0 0 0 Of+10.000] —4.920

FIGURE 7. Basic Bipolar Output Operation (Note 4)

-85

O¢tg = o295 2K,

4 v'“(zsc 'm)
where X is the input code and

R = R = Rper

- TL/H/5686-18

If Ry = R within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8 Eo

Pos. Full Scale 1 1 1 1 1 1 1 1]|+9960
Pos. Full Scale—LSB | 1 1 1 1 1 1 1 0] +9.880
(+)Zero Scale 10 0 0 0 0 O O]+0040
(—)Zero Scale o t 1t 1 1 1 1 1]|-0.040
Neg. FullScale+LSB|{ 0 0 0 0 0 0 0 1|-—9.880

Neg. Full Scale 0O 0 0 0O 0 O O O0]-—9960
FIGURE 8. Symmetrical Offset Binary Operation (Note 4)

¢0800vaA/10800VYa/00800va



DAC0800/DAC0801/DAC0802

Typical Applications (continued)

R
A A
‘o
4
€
0AC0800 D=0 670+ g - R,
2 S 255 ‘
FS= —= IREF
o = = 256 TU/H/5686-19
For output ion as negative logic DAC), connect invert-

P 14 P
ing input of op amp to Ig (pin 2), connect I (pin 4) to ground.
FIGURE 9. Positive Low Impedance Output Operation (Note 4)

]
O 670 - (gg- A

lgg = 258 1
FsS 256 REF

iry -

$ = = TL/H/5686-20
For complementary output (operation as a negative logic DAC) connect non-in-
verting input of op am to Ig (pin 2); connect 1 (pin 4) to ground.

FIGURE 10. Negative Low Impedance Output Operation (Note 4)

VIH = Vg + 1.4V
15V CMOS, HTL, HNIL
Vin = 7.6V

TTL 07U

Vg 14V
DACSs00
“Vaer
Vic —Lr
A § _:_ = RRer {omonx RESISTOR
sV cMos FOR OFFSET tnPuTS
Vg s 28V A
0ACO9Q
P 4
Vic
AL )
1ne148 MO CAP -
= TL/H/5686-10
Typical values: Ry = 5k, + Vi = 10V
TL/H/5686-9 valugs: Hin= 5% N
Note. Do not exceed negative logic input range of DAC.
FIGURE 11. Interfacing with Various Logic Families FIGURE 12. Pulsed Reference Operation (Note 4)
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