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12-Bit Serial Daisy-Chain
CMOS D/A Converter

DAC-8143

FEATURES
* Fast, Flexible, Microprocessor Interfacing in Serially-
Controlied Systems
* Buffered Digital Output-Pin for Daisy-Chaining Multiple
DACs
* Minimizes Address-Decoding in Multiple DAC Systems -
Three Wire Interface for Any Number of DACs
One Data Line
One CLK Line
One Load Line
* Impraved Resistance to ESD
¢ ~40°C to +85°C for the Extended Industrial Temperature
Range
* Available in Die Form

APPLICATIONS

* Multiple-Channel Data Acquisition Systems

* Process Control and Industrial Automation

* Test Equipment

* Remote Microprocessor-Controlled Systems

ORDERING INFORMATION !
PACKAGE: 16-PIN
EXTENDED
MILITARY* INDUSTRIAL
NON- GAIN TEMPERATURE TEMPERATURE
LINEARITY ERROR ~55°C 10 +125°C -40°Cto +85°C
+1/2158 #1188 DACB143AQ DAC8143EQ
+1/21.58 +11LS8 DAC8143AQ/883 -
+1L88 +2188 -~ DACB143FP
+1Ls8 +21.88 - DACB143FS!

* Fordevices processed in tolal compliance to MIL-STD-883, add /883 after part
number. Gonsult faclory for 883 dafa sheet.

t Burn-in is available on commercial and industrial temperature range parts in
CerDIP and plastic DIP,

# Foravailability and burn-in information on 80 and PLCG packages, contactyour
local sales office.

GENERAL INFORMATION 77-5/~-09~/2

The DAC-8143 is a 12-bit serial-input daisy-chain CMOS D/A
converter, which features serial data input and buffered serial
data output. It was designed for multiple serial DAC systems,
wherae serially daisy-chaining one DAC after another is greatly
simplified.

The DAC-8143 also minimizes address decoding lines enabling

simpler logic interfacing. It allows 3-wire interface for any num-
ber of DACs: one data line, one CLK lins, and one load line.

Serial data in the input register (MSB first) is sequentially
clocked outto the SRO pin as the new data word (MSB first) is si-
multaneously clocked in from the SRI pin. The strobe inputs are
used to clock infout data on the rising or falling (user selected)
strobe edges (ST8,, STB,, §TE,, STB,).

When the shift register's data has besn updated, the new data
word is transferred to the DAC register with use of LD, and LD,
inputs.

Continued

PIN CONNECTIONS

16-PIN EPOXY DIP
(P-Suffix)

16-PIN CERDIP
(Q-Sutfix)

16-PIN SOL
(S-Suffix)

MULTIPLE DAC-8143s WITH 3-WIRE INTERFACE
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GENERAL INFORMATION Continued

Separate LOAD controlinputs allow simultaneous outputupdat-
ing of muitiple DACs. An asynchronous CLEAR Inputresets the
DAC register without altering data in the input register.

Improved linearity and gain error performance permits reduced
circuit parts count through the elimination of trimming compo-
nents. Also, fast interface timing reduces timing design consid-
eration while minimizing microprocessor wait states.

The DAC-8143 Is available in standard cerdip and plastic pack-
ages that are compatible with auto-insertion equipment.

Cerdip and plastic packages devices come in the extended in-
dustrial temperature range of —40°C to +85°C.

ABSOLUTE MAXIMUM RATINGS
(T, = +25°C, unless otherwise noted.)

Vpp to DGND +17V
VREF to DGND. . 25V
Viaeg 10 DGND +25V
AGND to DGND Vppt03V
DGND to AGND VDD+0.3V
Digital Input Voltage Range ......ucsnisrnne =0.3V10 Y

Output Voltage (Pin 1, Pin 2) .....cvevees
Operating Temperature Range
AQ Version
EQ/FP/FS Versions

-55°C to +125°C
~40°C to +85°C

ELECTRICAL CHARACTERISTICS at Vv,

p = +5Vi Vggp = +10V; V,

42E D WM 08LLACO 00293k2 3 WHANA

T-51-09-12

Junction Temperature +150C
Storage Temperature.............. snensesiaene o —85°C t0 #150°C
Lead Temperature (Soldering, 60 S€C) .cierraseriesnns $+300°C
PACKAGE TYPE 6, (NOTE 1) 8¢ UNITS
18-Pin Hermetic DIP (Q) 94 12 °C/wW
16-Pin Plastic DIP () 76 a3 W
16-Pin SOL (S) 92 27 °G/W
NOTE:

1. 8I Is specified for worst case mounting conditions, l.e., @, is specified for
device in socket for CerDIP and P-DIP packages; e’ AlS spec:ﬁed for device
soldered to printed circuit board for SOL package.

CAUTION:

1. Do notapply voitage higher than Vp,  or less than DGND polential on any ter-
minal excapt V. (Pin 16) and R g (Pin 16)

2. The digital contral inputs are zener-p
may occur on unprotected units fram high-anergy eleclroslauc fields. Keep

. units in conductive foam at all times until ready to use.

3. Use proper anti-static handting pr

4, Absolute Maximum Ratings apply to both packaged devices and DICE.
Stresses above those listed under Absolute Maximum Ratings may cause
permanent damage to the device.

'outt = Vour2 = Vaano = Voanp =0Vi Ty = Full Temperature

Range spaecified under Absolute Maximum Ratings, unless otherwise noted.

DAC-8143
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS
STATIC ACCURACY
Resolution N 12 - - Bits
Nanlinearity DAC-B143A/E - - =1/2
(Note 1) e DAC-B143F - - 1 L8
Ditferential Nonlinearity DAC-8143A/E - =1/2
{Note 2) DAL DAC-8143F - - 21 Ls8
T, =+25°C
DAC-8143AE - - =1
G?g‘;::; Groe DAC-8143F - - .2 LsB
) T, = Full Temp. Range
All Grades - - +2
Gain Tompco
(AGaln/A Temp) TCqrs - - 5 ppm/f°C
{Note 5)
Power Supply
Rejaction Ratio PSAR AVpp = 5% - 0.0008 20,002 %/%
(aGain/aVp )
TA = +25°C - - %5
Output Leakage Current ! T, = Full Tomp. Range nA
(Note 4) LK@ DAC-8143A - - =100
DAC-8143E/F - - 225
T, =+25C - +0.002 +0.03
Zaro Scale Error i T, = Full Temp. Range Ls8
{Note 7, 12) ZSE DAC-8143A - 20.05 20.61
DAC-8143E/F 20.01 0,15
Input Resistance .
(Note 8) Ry Vg pin 7 11 15 ka

2-988 DIGITAL-TO-ANALOG CONVERTERS
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ELECTRICAL CHARACTERISTICS at Vop = +5V; Ve = +10V; Vouti = Vourz = Vaano = Voanp = 0Vi T,, = Full Temperature
Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued

DAC-8143
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
AC PERFORMANCE
Qutput Current
Seltling Time i - 0.380 1 us
(Notes 5, 6)
AC Feedthrough Error
V, =20V - @f=10kHz
Vagetoloyry) FT REF e PP - - 20 mv_ m
(Notes 5, 1) Ta=25°C e
Digital to Analog Vagr=0V
Glitch Energy Q loyr Load = 1000 - - 20 nVs
(Notes 5, 10) Cexy = 13pF
Total Harmonic Viaer=6VRMS @ 1kHz
Distortion (Note 5) THD DAC ragister loaded with all 1 - -9z a8
Output Noise
Voltage Density o, ;g:\:vzel:;;o'd; " - _ 13 iRz
{Notes 5, 13) FB ouT
DIGITAL INPUTS/OUTPUT
Digital Input HIGH VIH 24 - -
Digital Input LOW Vi - - 0.8
input Leakage _
Currant (Note 9) Iy Vin=0V10.+5v & HA
'Inpul Capacitance _
(Note 5) Cin Viy=Ov 8 pF
Digital Output
High Vou lop = —200A 4 - - v
Digital Qutput
Low VoL lop=1.6mA - - 04 v
ANALOG OUTPUTS
Output Capacitance Couti Digital Inputs = alf 1s - - 90 E
{Note 5) ouTs Digital Inputs = all 0s - - %0 P
Qutput Capacitance Couri Digital Inputs = alf 0s - - 60 £
(Note 5) ouT2 Digital Inputs =all 1s - - 60 P
TIMING CHARACTERISTICS (Note 5)
STB, used
1 - -
tost as the strobe 50
STB, used
Serlal Inputto tose as the strobe 20 - -
Strobe Selup Times - ns
{tgrg =80ns) : STByused  T,=+26°C 10 - -
0s3 asthe strobe T, =Full Temp, Range 20 - -
A
STB, used
4 - -
fosa as the strobe 20
. §TB,used T, =425°C 40 - -
DH1 asthesirobe T, =Full Temp. Range 50 - -
SerialIngut , STB2 used TA=+25°C 50 - -
eriat Input to DH2 as the strobs T, =Full Temp. Range 60 - -
Strabe Hold Times A ns
(ig7g = 80ns) S7T8, used _ B
'ona as the strabe 80
STB, used
rs - -
YoHa as the strobe &0
REV. A DIGITAL-TO-ANALOG CONVERTERS 2-989
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ELECTRICAL CHARACTERISTICS atV,,, = +58V; Vg = +10Vi Vo 1y = Voura = Vaano = Yoano = Vi T, = Full Temperature

H2E D MEE 081L800 002934 7 EEANA

T-51-09-12

Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued

DAC-8143
PARAMETER SYMBOL CONDITIONS MiN TYP MAX UNITS
STP?t:Sasg:Son Delay t Tp=25°C B - 220 ns
PD = - -
{Note 15) T, = Full Temp. Range 300
SR Data Pulse Width tsal 100 - - ns
STB‘ Pulse Width
(STB = 80ns) 511 a0 - - ns
{Note 14)
§78, Pulse Width
(87B, = 100ns) tgraz 80 - - ns
{Note 14)
ST8, Pulse Width
(STB, = 80ns) lsras 80 - - ns
(Note 14)
8T8, Pulse Width
(STB, = 80ns) tarag 80 - - ns
{Note 14)
T, =+25°C 140 - -
i A
Load Pulse Width toelios T, = Full Temp. Range 180 _ _ ns
LSB Strobe into tnput Register N 0 ns
to Load DAC Register Time ASB
CLR Pulse Width toLn 80 - - ns
POWER SUPPLY
Supply Voltage Vo D 4.75 5 5.25 \'
All Digital nputs =V, or V, - - 2
Supply Curcant 'oo All Digital Inputs = 0V or Vg - - 0.1 mA
Digital Inputs =0V or Vy
Power P 5Vx0.1mA - - 05 mw
Dissipation b Digital Inputs = V,, 0r V.
5V x 2mA - - 10
NOTES:

1. £1/2LSB = £0.012% of Full Scale.

9. Digital inputs are CMOS gates; |, is typically inA at +25°C.

2, Ali grades are monotonic to 12-bits over temperature. 10.
3. Using internal feedback resistor. 1.
4. Applies 10 ly,+,; all digital inputs = Vi Vage = #10V; 12,
Spacification also applies for 15,1, when all digital Inputs = V.
§. Quaranteed by design and not tested. 13
6. lgyry Load =100Q, Cgyy = 13pF, dighal input = OV to Vp 5 or Vp y to OV. :
N Exlrapolated to 1/2 LSB: ts = propagation delay (5 ,) 9+, where T equals
measurad time constant of the final RC decay. 14,
7. Vgge = +10V, all digital inputs = 0V. )
8. Absolute temperalure coefficient is less than +300ppm/°C. 15

2-990 DIGITAL-TO-ANALOG CONVERTERS

VREF.= 0V, alt digital Inputs = OV 1o Vi 0 Vi n to OV,

All digital inputs = OV,

Calculated from worst case Rt

tygg (INLSBS) = (Roc X, o X 4096) Ve

Calculations from e = V4K TRB where:

K= tant, J/°KR = resl Q

T = resistor temperature, °K B = bandwidth, Hz

Minimum low time pulse width for STB,, STB,, and STB,, and minimum high
time pulse width for ST8,.

Measured from active strobe edge (STB) to new data cufput at SRO; C
=50pF.
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DICE CHARACTERISTICS

T-51-09-12

(2.51 x2.72 mm, 6.63 8q. mm)

DIE SIZE 0.099 x 0,107 inch, 10,543 sq. mils

DAC-8143

1.1 9, 1D,

2, |§UUTT; 10. §T|za§

3. AGND 11, s78,

4. STB, 12. DGND

5. LD, 13. TR

6. SRO 14. Vy, (Substrate)
7 ﬂ 15. VHEF

8. §TB, 16. R,,

Substrate (die backslde) is Internally

connected to Voo

For addltionat DICE Information, refer

to 1990/91 Data Book, Section 2.

WAFER TEST LIMITS &tV = +5V; Vo = 10V: V

=Vaano = Voano = OV: T, = +25°C.

Electrical tests are performed at wafer probe fo the limits shown. Due to variations in assembly methods and normal yleld loss,
slandard product dice. Consult factory to negotiate specifications based an dice lot qualifications through sample lot assembly

REV. A
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PARAMETER SYMBOL CONDITIONS LIMITS UNITS

STATIC AGCURACY

Resolution N 12 Bits MIN

Integral Nonlinearity INL 21 LSB MAX

Differential Nonlinearity DNL 21 LSB MAX

Gain Error Gege Using Internal feedback resistar %2 LSB MAX

:2}'::;::‘;“:‘0 PSAR Mg = 26% 40,002 %1% MAX

o‘(‘:'s::;f"(‘:;aj:') lka Digital Inputs = V,, 5 nA MAX

REFERENCE INPUT

Input Resistance R Vpgr Pad s KQ MINMAX

DIGITAL INPUTS/OUTPUT 7

Digital Input HIGH Vin 24 VMIN

Digital Input LOW Vie 0.8 V MAX

Input Leakage Currant hL Vin=0io Voo +1 pA MAX

Digital Quiput HIGH Vou lops = —2004A 4 VMIN
oigita Output LOW VoL lo = 1.6mA 04 v MAX

POWER SUPPLY

Supply Current oo g:::::: ::z::: : :)I\IIHOO:\ZJIII; ﬁ:? mAMAX

NOTE: '

yield after packaging Is not guaranteed for
and testing.
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TYPICAL PERFORMANCE CHARACTERISTICS T-51-09-12
MULTIPLYING MODE MULTIPLYING MODE
FREQUENCY RESPONSE TOTAL HARMONIC
vs DIGITAL CODE DISTORTION vs FREQUENCY
Nt B
E o L : — — N\ 12 TS Ap: Op a2 ihi
'. g fmmtoe) NN N TR :
8 . S T
gg ——— » g P
@ . — a0 |- R
3 T T — & E E o £
2 Hn &
+ | o4 .
i %
T TR T e o
FREQUENCY (Hz)
SUPPLY CURRENT vs LINEARITY ERROR vs LINEARITY ERROR vs
LOGIC INPUT VOLTAGE DIGITAL CODE REFERENCE VOLTAGE
k] 05
04 05
03 N\
2 g 02 0.25 \“
_ g o _
g \ g o W 5 [}
8 ' \ % o1 ! 2
§ 02 -0.25
0.3
/ -04 -5
0 -05
1) 1 2 3 4 8 [1] 512 1024 1538 2048 2560 2072 3584 4095 2 4 6 [ ] 10
Vi (VOLTS) DIGITAL INPUT CODE (DECIMAL) Vags (VOLTS)
LOGIC THRESHOLD VOLTAGE DNL ERROR vs DIGITAL OUTPUT VOLTAGE
vs SUPPLY VOLTAGE REFERENCE VOLTAGE vs OUTPUT CURRENT
T
. o8 0 Ta=425°C LOG|ICu
E = Z ¥
g , A 08 A /]
g // & E +10.
g a
% » // % 8 -10 LoGIC 1
w , ~0.28 > g 20
E -0.8 30 4//
-0.5 el
1 3 8§ 7 8 # 13 18 2 4 s s 10 ) 1 2 3 [ s
¥po (VOLTS) Vres (VOLTS) $RO - VOLTAGE QUT (VOLTS)
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SPECIFICATION DEFINITIONS

RESOLUTION

The resolution of a DAC s the number of states (2") that the full-
scale range (FSR) is divided (or resolved) into, where "n* is
equal to the number of bits.

SETTLING TIME

Time required for the analog output of the DAC to settls to within
1/2 LSB of its final value for a given digital input stimulus; i.e.,
zero to full-scale.

GAIN
Ratio of the DAC's external operational amplifier output voltage
to the V. input voltage when all digital inputs are HIGH,

FEEDTHROUGH ERROR
Error caused by capacitive coupling from Veee to output.
Feedthrough error limits are specified with all switches off,

OUTPUT CAPACITANCE
Capacitance from |, ;. to ground.

OUTPUT LEAKAGE CURRENT
Current appearing at 'ouﬂ when all digital inputs are LOW, or at
lgy2 terminal when all inputs are HIGH,

Refer to PMI 1988 Data Book, Section 11, for additional digital-
to-analog converter definitions.

GENERAL CIRCUIT INFORMATION

The DAC-8143 is a 12-bit serial-input, buffered serial-output,
multiplying CMOS D/A converter. It has an R-2R resistor ladder
network, a 12-bit input shift register, 12-bit DAC register, control
logic circuitry, and a buffered digital output stage.

The ‘control logic forms an interface in which serial data is
loaded, under microprocessor control, into the input shift regis-
ter and then transferred, in parallel, to the DAC register. In addi-
tion, buffered serial output data is present at the SRO pinwhen
input data Is loaded into the input register. This buffered data
follows the digital Input data (SRl by 12 clock cycles and is
available for daisy-chaining additional DACs.

Anasynchronous CLEAR function allows resetting the DAC reg-
ister to a zero code (0000 0000 0000) without altering data
stored in the registers.

. Asimplified circuit of the DAC-8143 is shown in Figure 1. An in-
verted R-2R ladder network consisting of silicon-chrome, thin-
film resistors, and twelve pairs of NMOS current-steering
switches. These switches steer binarily weighted currents into

REV. A

either iy, or loyto- Switehing currentto | 1190 oy, Yieldsa
constant current in each ladder leg, regardiess of digital input
cade. This constant current resuits in a constant input resist-
ance at V.. equalto R (typically 11kQ). The Vieg iInput may
be driven by any reference voltage or current, AC or DC, that is
within the limits stated in the Absolute Maximum Ratings chart.

The twelve output current-steering switches are in series with
the R-2R resistor ladder, and therefore, can introduce bit errors.
It was essential to design these switches such that the switch
"ON" resistance be binarily scaled so that the voltage drop
across each switch remains constant. If, for example, switch 1
of Figure 1 was designed with an "ON" resistance of 100, switch
2for 20Q, etc., a constant 5mV drop would then be maintained
across each switch.

To further insure accuracy across the full temperature range,
permanently "ON" MOS switches were included in series with
the feedback resistor and the R-2R ladder's terminating resis-
tor. The Simplified DAC Circuit, Figure 1, shows the location of
these switches. These series switches are equivalently scaled
totwo times switch 1 (MSB) and top switch 12 (LSB) to maintain
constant relative voltage drops with varying temperature. Dur-
ing any testing of the resistor ladder or Ree (such as
incoming inspection), Vpp Must be present to turn "ON" these
series switches.

Vaer 10k 0% 1060

Th
¢

h
1
1
L
'
]
k
v
v
1
T
v
3

-7 PR A -
NN S I~

O raademacacaaa AT

—0 toym
b
S ot
02 provy outt
ereeed .
o Rezeopack
BIT1{MSB) BIT2 3 arizqen

DIGITAL INPUTS
(SWITCHES SHOWN FOR DIGITAL INPUTS "HiGH")

* THESE SWITCHES PERMANENTLY "ON"

FIGURE 1: Simplified DAC Circuit

DIGITAL-TO-ANALOG CONVERTERS 2-993



ANALOG DEVICES INC
DAC-8143

ESD PROTECTION

The DAC-8143 digital Inputs have been designed with ESD re-
sistance incorporated through careful layout and the inclusion
of input protection clrcuitry.

Figure 2 shows the input protection diodes. High voltage static
charges applied to the digital inputs are shunted to the supply
and ground rails through forward biased diodes.

These protection diodes were designed to clamp the inputs weli
below dangerous levels during static discharge conditions.

OTLTTUCMOS
INPUTS

FIGURE 2: Digital Input Protaction

EQUIVALENT CIRCUIT ANALYSIS

Figures 3 and 4 show equivalent circuits for the DAC-8143's
internal DAC with all bits LOW and HIGH, respactively. The ref-
erence current is switched to 1, .., when all data bits are LOW,
andtoly,,,, whenallbitsare HIGH. The [, ., o CUrent source
is the combination of surface and junction leakages to the sub-
strate. The 1/4096 current source represents the constant 1-bit
current drain through the ladder's terminating resistor.

Output capacitance is dependent upon the digital Input code.
This is because the capacitance of a MOS transistor changes
with applied gate voltage. This output capacitance varies be-
tween the low and high values.

DYNAMIC PERFORMANCE

ANALOG OUTPUT IMPEDANCE

The output resistance, as in the case of the output capacitance,
varies with the digital input code. This resistance, looking back
into the 15, terminal, varies between 11kQ (the feedback re-
sistor alone when all digital input are LOW) and 7.5kQ (the feed-
back resistor in parallel with approximately 30kQ of the R-2R
ladder network resistance when any single bit logic is HIGH).
Static accuracy and dynamic performance will be affected by
these variations.

2-994 DIGITAL-TO-ANALOG CONVERTERS
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Vrer = ILE‘UGE:-LMF
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* é:{mféfwlwpﬁ

FIGURE 3: DAC-8143 Equivalent Circuit (All Inputs LOW)

——————0 Rpzrosack

Yaer S R=1oi

Q_"i' O loym
Vaer ‘ é fé _L
L 1/409¢ I 'qusl_-NpF
O loura
e 4
?'EMIWP‘

FIGURE 4: DAC-8143 Equivalent Circuit (All inputs HIGH)

The gain and phase stability of the output amplifier, board lay-
out, and power supply decoupling will all affect the dynamic per-
formance of the DAC-8143. The use of a small compensation
capacitor may be required when high-speed operational ampli-
fiers are used. It may be connected across the amplifiers feed-
back resistor to provide the nacessary phase compensation to
critically damp the output.

The considerations when using high-speed amplifiers are:

1. Phase compensation (see Figures 7 and 8).
2. Power supply decoupling at the device socket and use of
proper grounding techniques.

OUTPUT AMPLIFIER CONSIDERATIONS

When using high speed op amps, a small feedback capacitor
(typically 5-30pF) should be used acrass the amplifiers to mini-
mize overshoot and ringing. For low spead or static applications,

REV. A
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AC specifications of the amplifier are not very critical. In high- Where RO is a function of the digital code, and :
speed applications, slew rate, settling time, open-loop gain, and
gain/phase margin specifications of the amplifier should be se-
lected for the desired performance. It has already been noted
that an offset can be caused by including the usual bias current Therefore, the offset gain varies as follows:
compensation resistor in the amplifier's noninverting input ter- atcode 0011 1111 1111,

minal. This resistor should not be used. Instead, the amplifier

should have a bias current which is low over the temperature Verrom; = Vos (1 + 10kQ =2Vos

range of interest, 10kQ

Static accuracy s affected by the variation in the DAC's output at code 0100 0000 0000,
resistance. This variation is best illustrated by using the circuit

o = 10kQ for more than four bits of logic 1,
Rg = 30kQ for any single bit of logic 1.

of Figure 5 and the equation: VERROR, = Vos (1 + ;—g:%) =4/3Vos
VERAOR = Vos (1 + B-Fﬂ) - The error difference is 2/3 V.
Ro

Since one LSB has a weight (for VREF =+10V) of 2.4mV for the
DAC-8143, it is clearly important that Vg be minimized, using
either the ampiifier's nuiling pins, an extsrnal nulling network, or
by selection of an amplifier with inherently low Voo Amplifiers

Veee R R o ere with sufficiently low V¢ include PMI's OP-77, OP-97, OP-07,
D D B Bra OP-27, and OP-42.
A, 3R, 3R, A

INTERFACE LOGIC OPERATION

—O B .
The microprocessor interface of the DAC-8143 has been de-
signed with multiple STROBE and LOAD inputs to maximize
interfacing options. Contro! signals decoding may be done on-
chip or with the use of external decoding circuitry (see Figure
12).
FIGURE 5: Simplified Circuit
WORDN-1 WORDN
SRl
8:]:] MSB LSB
toutonz tonartons L—'sm
fosttosz tosa toss ™ WoRDN-2 WORD N-1 WORDN
BIT Y @ BIT1 B BIT1
T @
MSB I MSB ' . MSB
'PDI-’I
‘STROBE 1 2 12 1 2 i 2
(STB,:8T8,,ST8,)
:sm "I el I:s@ |
STB2 §TB2
tsma | I (P I |
tgraq (5 I—‘ﬁj
l ) ! r 2L
LB, and I, R ——— H:w! I |
LOAD NEW 12.81T WORD w2
INTO INPUT REGISTER AND LOAD INPUT REGISTER'S
SHIFT OUT PREVIOUS WORD  pATA INTO DAC REGISTER
NOTES:
* STROBE WAVEFORM IS INVERYED IF
ST8,1S USED TO STROBE SERIAL DATA
BITS’INTO INPUT REGISTER.
*‘DATA IS STROBED |INTO AND OUT OF
THE INPUT SHIFT REGISTER MSB FIRST.

FIGURE 6: Timing Diagram
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Serial data is clocked into the input register and buffered output
stage with STB,, STB,, or STB,. The strobe inputs are active on
the rising edge. STB, may be used with a falling edge clock data.

Serial data output {SRO) follows the serial data input (SR1) by
12 clocked bits.

Holding any STROBE Input at its selected state (i.e., STB,,
8T8, or STB, at logic HIGH or STB, at logic LOW) will act to
prevent any further data input.

When a new data word has been entered into the input register,
it is transferred to the DAC register by asserting both LOAD
inputs.

The CLR input allows asynchronous resstting of the DAC regis-
terto 0000 0000 0000. This reset does not affect data held in the
input registers. While in unipolar mode, a CLEAR will result in
the analog output going to OV. In bipolar mode, the output willgo
10 -Vgee

TABLE 1: DAC-8143 Truth Table

H2E D NN 0A81L800 0029370 2 EEANA

T-51-09-12
INTERFACE INPUT DESCRIPTION

§TB, (Pin 4), STB, (Pin 8), STB, (Pin 11) - Input Register and
Buffered Output Strobe. Inputs Active on Rising Edge. Se-
lected to load serial data into input register and buffered output
stage. See Table 1 for details.

STB, (Pin 10) ~ Input Register and Buffered Output Strobe
Input. Active on Falling Edge. Selected to load serial data into
input register and buffered output stage. See Table 1 for details.

ﬁ, (Pin 5), E'I:_)2 (Ping) - Load DAC Register Inputs. Active
Low. Selscted together to load contents of input register into
DAC register.

CLR (Pin 13) — Clear Input. Active Low. Asynchronous.
When LOW, 12-bit DAC register is forced to a zero code (0000
0000 0000) regardless of other interface inputs.

DAC-8143 Logic inputs

Input Register/

Digital Output  Control Inputs DAC Register Control Inputs DAC-8143 Operation Notes
sT8, §IB, STB, STB, CLR LD, 1D,
0 1 0 [y X X X
. Serial Data Bit Loaded from SRI
0 L L} 0 X X X into Input Register and Digital Output 2,3
0 i1 0 0 X X X (SRO pin) after 12 clocked bits.
k) 1 0 0 X X X
1 X X X
X 0 X X No Operation (Input Register and SRO) 3
X X 1 X
X X X i
Reset DAC Register to Zero Code
0 X X (Code: 0000 0000 0000) 1,3
(Asynchronous Operation)
: )1( ’1( No Operation (DAG Register and SRO) 3
1 0 0 Load DAC Register with the Contents

of Input Register 3

1. CLR =0asynchronouslyresets DAC Reglsterto 006000000 0000, but has no effect
on Input Register.

2-996 DIGITAL-TO-ANALOG CONVERTERS

2. Seraldataisloaded into Input Register MSB first, on edges shown. £ s positive
edge, V. isnegative edge.
3. 0=Logic LOW, 1 = Logic HIGH, X = Don't Care.
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APPLICATIONS INFORMATION

UNIPOLAR OPERATON (2-QUADRANT)

The circuit shown in Figures 7 and 8 may be used with an AC or
DCreference voltage. The circuit's output will range between 0V
and +10(4095/4096)V depending upon the digital input code.
The relationship between the digital input and the analog oufput
is shown in Table 2. The Vaer Voltage range is the maximum
input voltage range of the op amp or +25V, whichever is lowest.

+5Y

Veze
~1ov Vaer TVW

GiR 0—»f 318

Reeeoaack.

or—+f4s 1 ;
DAC8143 2

CONTROL
INPUTS : AGND O Vour
o—{ et 3
SRI > sro - eV

SERIAL 12 {BUFFERED = =

ATA IN) AL |
J_ DATAOUT) L
DGN|

D

FIGURE 7: Unipolar Operation with High Accuracy Op Amp
(2-Quadrant)

R, +5Y
Vaee
~10v 1000 |Vaer [ Voo

iR T T v
SR 0—»;
LA " R, | 15V
15pF
48 1
CONTROL DAC8143 0
lNPUTs: 2 Vour
o—»{ &1 a
SRt 0—»] 7 6 [+ sro L b
SERIAL 12 (purrERED | - = -
ATA IN) IGITAL J
_L pATAOUT) L.

DGND

FIGURE 8: Unipolar Operation with Fast Op Amp and Gain
Error Trimming (2-Quadrant)

REV. A

In many applications, the DAC-8143's zero scale error and low
gain error, permit the slimination of external trimming compo-
nents without adverse effects on circuit performance.

For applications requiring a tighter gain error than 0.024% at
25°C for the top grade part, or 0.048% for the lower grade part,
the circult in Figure 8 may be used. Gain error may be trimmed
by adjusting R,.

The DAC register must first be loaded with all 1s. R, isthen
adjusted until Vour = ~Vieg (4095/4096). In the case of an ad-
justable Vees R, and Reeensack May be omitted, with V.

REF
adjusted to yield the desired full-scale output.

TABLE 2: Unipolar Code Table

DIGITAL INPUT NOMINAL ANALOG OUTPUT
(Vourasshown

MSB LsSB inFigures 7 and 8)
1111 1111 1111 "VREF(:—SS%)
1000 0000 0001  -Ver %)
1000 0000 0000 VREF(%(;—S%)=—V—2—
0111 1111 1111 —VREF(E—S;—Z—)
0000 0000 0001 -VREF(ﬁ)
0000 0000 0000 —Vnﬁ(&&w
NOTES:

1. Nominal full scale for the circuits of Figures 7 and 8 is given by

FS=—Vrep (%865-)

2. Nominal LSB magnifude for the circuits of Figures 7 and 8 is givenby
L.88=Vrer {1 _Jorvaee(2™
HEF(4096] HEF( )

DIGITAL-TO-ANALOG CONVERTERS 2-997
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+5Y R, )
>
WA :, m‘m
| s0a 1 e, < a
12 AL} 16 10930F Ay
_[]oeND Voo Reg 1 Py
l 5 louns A a
AAA. ) 3
Viy © M Vaer DAC-8143 ‘ S A N
! 7 CONTROL outz / 2 mo:m ,
oarSSHAL — s BTS  Gin smo  AaND/d ' ) or
:XT} %5 13] & 1
COMMON GROUND
L., BUFFERED SERIAL =
DATAOUT
ROM
SYSTEM
RESET
CONTROL
PUTS

FIGURE 9: Bipolar Operation (4-Quadrant, Offset Binary)

BIPOLAR OPERATION (4-QUADRANT)

Figure 9 details a suggested circuit for bipolar, or offset binary

TABLE 3: Bipolar (Offset Binary) Code Table

operation. Table 3 shows the digital input-to-analog output rela DIGITAL INPUT NOMINAL ANALOG OUTPUT
tionship. The circuit uses offset binary coding. Two's comple- MsB LsB (Voyr@as shownin Figure 9)
ment code can be converted to offset binary by software inver- 2047
sion of the MSB or by the addition of an external inverter to the 1111 1111 1111 +Vrer 2043)
MSB intput. ]

_ » 1000 0000 0001 +Vnsp(1 )
Resistor R,, R,, and R, must be selected to match within 0.01% _ 2048
and must a:il be of the same (preferably metal foil) type to assure 1000 0000 0000 0
temperature coefficient match. Mismatching between R, and R, -
causes offset and full-scale error. 0111 1111 1111 —VaeF (L)
Calibration is performed by loading the DAC register with 1000 - 2048
0000 0000 and adjusting R, until Vo, =0V.R, and R, maybe 0000 0000 0001 Ry (M)
omitted by adjusting the ratio of R; to R, to yield V5 ;1 = OV. Fult 2048
scale can be adjusted by loading the DAC register with 1111 0000 0000 0000 ~VRer (2&4&)
1111 1111 and adjusting either the amplitude of V... or the 2048
value of R until the desired V,; is achieved. NOTES:

1. Nominal full scale for the circuits of Figure 9 s given by

DAISY-CHAINING DAC-8143s
Many applications use multiple serial-input DACs

merous inter-connecting lines for address decoding and data 2.

2-998 DIGITAL-TO-ANALOG CONVERTERS

FS=Vrer (2047),
that use nu- F‘EF‘zow)

LSB=VREF(201—48).

Nominal LSB magnitude for the circuits of Figure 9is given by

REV. A
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lines. In addition, they use some type of buffering to reduce
loading on the bus. The DAC-8143 is ideal for just such an appli-

cation, It not only reduces the number of inter-connecting lines, A
but also reduces bus loading. The DAC-8143 can be daisy- M :>
chained with only three lines: one data line, one CLK line, and _LJ

one Load line, see Figure 10. R ApoRESs

ANALOG/DIGITAL DIVISION

The transfer function for the DAC-8143 connect in the multiply-

ing mode as shown In Figures 7 and 8 is: DBy :::, "B'Z%“fm
==V (AL Ao As . A 1570 1oan

Vo=-Vin (21 +22+23+... 212) "

w.here Ay assumes avalue of 1 for an "ON" bit and 0 for an "OFF" | shi ssgf“

bit. r SRO Loap

The transfer function is modified when the DAC is connected in

the feedback of an operational amplifier as shown in Figure 11 STROBE

and is: SR pacetas

SRO 4 0ap

Vo= =Vin

A Ao As, A

ol 02 o3 12
The above transfer function is the division of an analog voltage
(Vreg) by a digital word. The amplifier goes to the rails with all
bits "OFF” since division by zero is infinity. With all bits "ON" the
gainis 1 (£1 LSB). The gain becomes 4096 with the LSB, bit 12,
"ON",
APPLICATION TIPS
In most applications, linearity depends upon the potential of
lout loytzr @nd AGND (pins 1, 2 and 3)being exactly equal to
each other, In most applications, the DAC is connected to an j mpmsT

13

external op amp with its noninverting input tied to ground (see
Figures 7 and 8). The amplifier selected should have a low input

bias current and low drift over temperature. The amplifier's input 1 "
offset voltage should be nulled to less than £200pV (less than Vi Rrs Voo 0 *5V
10% of 1 LSB). L»EH;{%‘L%” DIGITAL

The operational amplifier's noninverting input should have a
minimum resistance connection to ground; the usual bias cur-
rentcompensation resistor should notbe used. This resistor can
cause a variable offset voltage appearing as a varying output
error. All grounded pins should tie to a single common ground
point, avoiding ground loops. The Voo Power supply should
have a low noise level with no transients greater than +17V.

Itis recommended that the digital inputs be taken to ground or
- Vpp via a high value (1MQ) resistor; this will prevent the accu-
mulation of static charge if the PC card is disconnected from the
system,

Peak supply current flows as the digital input pass through the FIGURE 11: Analog/Digital Divider

transition region (see the Supply Currentvs, Logic Input Voltage
graph under the Typical Performance Characteristics). The
supply current decreases as the input voltage approaches the
supply rails (V,, or DGND), i.e., rapidly slewing logic signals
that settle very near the supply rails will minimize supply current,

REV. A DIGITAL-TO-ANALOG CONVERTERS 2-999
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INTERFACING TO THE MC6800

As shown in Figure 12, the DAC-8143 may be interfaced to the
6800 by successively executing memary WRITE instruction
while manipulating the data between WRITES, so that each
WRITE presents the next bit.

In this example, the most significant bits are found in memory
locations 0000 and 0001. The four MSBs are found in the lower
half of 0000, the eight LSBs in 0001. The data is taken from the
D8, line,

The serial data loading is triggered by STB, which is asserted by
adecoded memory WRITE to a memory location, R/W, and 2.
A WRITE to another address location transfers data from input
register to DAC register.

Ao A

16-BIT ADDRESS BUS
As —‘__———‘l

p p———————; M A2
MCE800 ] 7419138
2 Es  ADDRESS
DECODER
_L—o Ep
o= T T,
8-BIT DATA BUS >
[+]:) -
? l Y
|—o spL_ (D3 §T8,
HVo—»{ 516,

(o7 DAC-5143
SR
CLR
FROM SYSTEM RESET

* ANALOG CIRCUITRY OMITTED FOR SIMPLICITY

FIGURE 12: DAC-8143 -MC6800 Interface
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DAC-8143 INTERFACE TO THE 8085

The DAC-8143's interface to the 8085 microprocessor is shown
in Figure 13. Note that the microprocessor's SOD line is used to
present data serially to the DAC.

Data is strobed into the DAC-8143 by executing memory write
instructions. The strobe 2 inputis generated by decoding an ad-
dress location and WR. Data is loaded into the DAC register with
a memory write instruction to another address location.

Serial data supplied to the DAC-8143 must be present in the
right-justified format in registers H and L of the microprocessor.

(8) ADDRESS BUS {18)
8085
ALE
wR
(®)AD, 5 DATA )
)
+5vo—]

FROM SYSTEM RESET

* ANALOG CIRCUITRY OMITTED FOR SIMPLICITY

FIGURE 13: DAC-8143 - 8085 Interface

DAC-8143 INTERFACE TO THE 68000

Figure 14 shows the DAC-8143 configured to the 68000 micro-
processor. Serial data input is similar to that of the 6800 in Fig-
ure 12,

Ay A
ADDRESS BUS >
" U '
Avoness |
AS|~—1C5  ‘pEcoDE
A § +>
68000uP
. +5Vo————»15T8; STBy (D2
VFA LDy
114 TAHC125 STB2 DACS142
uos = % m
FROM SYSTEM RESET O
DBy A
DATABUS )
DBy 4

FIGURE 14: DAC-8143 to 68000u:P Interface
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