DAC0830/DAC0831/DAC0832

National
Semiconductor

DAC0830/DAC0831/DAC0832 8-Bit u.P
Compatible, Double-Buffered D to A Converters

General Description

The DACQ0830 is an advanced CMOS/8i-Cr 8-bit multiplying
DAC designed to interface directly with the 808D, 8048,
8085, 2809, and other popular micropracessors. A deposit-
ed silicon-chromium R-2R resistor ladder network divides
the refarance current and provides the circuit with excellent
temperature tracking characteristics (0.05% of Full Scale
Range maximum linearity error over temperature). The cir-
cuit uses CMOS current switches and control logic to
achieve low power consumption and low output leakage
current errors. Special circuitry provides TTL logic input volt-
age level compatibility.

Double buffering allows these DACs to autput a voltage cor-
responding to one digital word while holding the next digital
word. This permits the simultaneous updating of any num-
ber of DACs.

The DACC830 series are the 8-bit members of a family of
microprocessor-compatible DACs (MICRO-DAC™™). For ap-
plications demanding higher resolution, the DAC1000 series
(10-bits) and the DAC1208 and DAC1230 (12-bits) are avail-
able alternatives.

Features

m Double-buffered, single-buffered or flow-through digital
data inputs

W Easy interchange and pin-compatible with 12-bit
DAC1230 series

m Direct interface to all popular microprocessors

W Linearity specified with zero and full scale adjust only—
NOT BEST STRAIGHT LINE FIT.

W Works with + 10V reference-full 4-quadrant
mulitiplication

m Can be used in the voltage switching mode

W Logic inputs which meset TTL voltage level specs (1.4V
logic threshold)

m Operates “STAND ALONE” {without uP) if desired
W Available in 20-pin small-outline or molded chip carrier
package

Key Specifications

| Current settling time 1ps
B Resolution 8 bits
W Linsarity 8, 9, or 10 bits

(guaranteed over temp.)
® Gain Tempco
| Low power dissipation
| Single power supply

0.0002% FS/°C
20 mwW
5 to 15 Vpg
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Absolute Maximum Ratings (Notes 12 2)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Lead Temperature (soldering, 10 sec.)

Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)

Supply Voltage (Vie) 17 Vpo
Voltage at Any Digital input Vce to GND
Voltage at Vrer Input + 25V

Storage Temperature Range

Package Dissipation
at Tao=25°C (Note 3)
DC Voltage Applied to
louT1 orlouTz (Note 4)

ESD Susceptability (Note 14)

Electrical Characteristics vie-=10.000v

—65°Cto +150°C
500 mwW

—100 mV to Ve
800V

ture, TpiN<Ta < Tmax. For all other limits To =25°C.

Surface Mount Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

Operating Conditions
Temperature Range
Part numbers with ‘LCN’ suffix
Part numbers with ‘LCWM' suffix
Part numbers with ‘LCV’ suffix
Part numbers with ‘LCJ* suffix
Part numbers with ‘LJ’ suffix
Valtage at Any Digital Input

260°C
300°C

215°C
220°C

TMINSTA<TMAX
o*Cto +70°C
0°Cto +70°C
0°Cto +70°C

—40°C o +85°C

—55°Cto +125°C
Voc to GND

D unless otherwise noted. Boldface limits apply over tempera-

=3 + B
Voo = 4.75Vpg |.V6C = 3 Vbe 5%
_ Vee = 12Vpe £5%
see | Vo€ = 1575Voe | 0 15 vpe £5% | Limit
Parameter Conditions Dc =27
Note Units
Tested ] .
Typ Limit Design Limit
{Note 12) (Note 5) (Note 6)
CONVERTER CHARACTERISTICS
Resolution 8 B 8 bits
Linearity Error Max Zero and full scale adjusted 4,8
—10V<VRge< + 10V
DACO0830LJ & LCJ 0.05 0.05 % FSR
DAC0832LJ & LCJ 0.2 0.2 % FSR
DACOB30LCN, LCWM & LCV 0.05 0.05 % FSR
DACO831LCN 0.1 0.1 % FSR
DACO832LCN, LCWM & LCV 0.2 0.2 % FSR
Differential Nonlinearity Zero and full scale adjusted 4,8
Max —10V<VRer< + 10V
DACO0830LJ & LCJ 0.1 0.1 % FSR
DAC0832LJ & LCJ 0.4 0.4 % FSR
DACO830LCN, LCWM & LCV 0.1 0.1 % FSR
DACO0831LCN 0.2 0.2 % FSR
DACO0832LCN, LCWM & LCV 0.4 0.4 % FSR
Monotonicity —10V<VRger LJ&LCJ 4 8 8 bits
<410V LCN, LCWM & tLCV 8 8 bits
Gain Error Max Using Internat Ry 7 4 o
10V VRer < 110V £0.2 +1 +1 % FS
-
Gain Error Tempco Max Using internal Ry, 0.0002 0.0006 sto c
Power Supply Rejection All digital inputs latched high
Veo=14.5V o 15.5V 0.0002 | 0.0025 %
11.5Vio 125V 0.0006 FSR/vV
4.5V t0 5.5V 0.013 0.015
Reference Input Max 15 20 20 k2
Min 15 10 10 kQ
Output Feedthrough Error Vaer=20 Vp-p, f=100 kHz 3 mVo-
All data inputs latched low PP

¢€800va/1£800vA/0£800VA



DAC0830/DAC0831/DAC0832

Electrical Characteristics vier=10.000 Vpc unless otherwise noted. Boldface limits apply over tempera-
ture, TN < TA < Tax- For all other limits T4 =25°C. (Continued)

Vee = 4.75Vpe
Vee = 15.75 Vpe

Vee = 5Vpe 5%
Ve = 12Vpg 5%

Parameter Conditions See to 15Vpc +5% Limit
Note Units
Tested
Typ Limit Design Limit
(Note 12) (Note 5) (Note 6)
CONVERTER CHARACTERISTICS (Continued)
Output Leakage | lguty | Alldatainputs LJ&LCJ 10 100 100 nA
Current Max latchedlow  LCN, LCWM & LCV 50 100
lout2 | Alldatainputs LJ&LGJ 100 100 nA
latched high LCN, LCWM & LCV 50 100
Output lout1 | All datainputs 45 F
Capacitance louTe latched low 115 P
lout1 | All datainputs 130 £
lout2 | latched high 30 P
DIGITAL AND DC CHARACTERISTICS
Digital Input Max Logic Low LJ 475V 0.6
Voltages LJ 15.75V 0.8
LCJ 4.75V 0.7 Voc
LC 15.75V 0.8
LCN, LCWM, LCV 0.95 0.8
Min Logic High LJ&LCY 2.0 2.0 v
LCN, LCWM, LCV 1.9 2.0 oc
Digital Input Max | Digital inputs <0.8V
Currents &L —50 —200 —200 pA
LCN, LCWM, LCV —160 -200 pA
Digital inputs> 2.0V
LJ&LCY 0.1 +10 +10 pA
LCN, LCGWM, LCV +8 +10
Supply Current | Max L& LG 1.2 3.5 2.5 mA
Drain LCN, LCWM, LCV 1.7 2.0
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Electrical Characteristics VREF = 10.000 Vpg unless otherwise noted. Boldface limits apply over tempera-

ture, Tayyn <Ta < Tyax- For all other limits T =25°C. (Continued)

_ Vee=12Vpe 5% _ Vee=5Vpe
Vee=18.75Voc | oo U P aw | Vee=475Voc | Vo0 )
Symbol| P t Conditi See Limit
ymbo arameter onditions  Inote T Tested Design T Tested | Design |Units
(Not‘;"1 2 Limit Limit (Nm‘;"1 z| LimRt | Limit
(Note 5) (Note €) (Note 5)| (Note#6)
AC CHARACTERISTICS
Qurrent Setting VIL=0V, V|y=5V| 1.0 1.0 s
Time
tw  |Writeand XFER |V =0V,Vjy=5v| 11 | 100 | 250 375 | 600
Pulse Width Min 320 320 900 900
tos  [DataSetupTime |Vii=0v,vii=5v| . | 100 | 250 375 | 600
Min 320 320 900 900
toH Data Hold Time ViL=0V, V|y=5V 9 30 50 ns
Min 30 50
tos  [Control Setup TimalViL =0V, Viy=5V| o | 110 [ 260 800 | 900
Min 320 320 1100 1100
tch Cc.>ntrol Hold Time |Vj =0V, Vjy=5V 9 0 0 10 0 0
Min 0 (4]

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DG and AC electrical specifications do not apply when operating
tha device beyond its specified operating conditions.

Note 2: All voltagas are measured with respect to GND, unless otherwise specified.

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tamax 9,4 and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperatura is Pp = (Tymax — Ta)/8 ua of the number given in the Absolute Maximum Ratings, whichever is lower. For this
device, Tymax = 125°C (plastic) or 150°C (ceramic), and the typical junction-to-ambient thermal resistancs of the J package when board mounted is 80°C/W. For
the N package, this number increases to 100°C/W and for the V package this numbsr is 120°C/W.

Note 4: For current switching applications, both loyT1 and loytz must ga to ground or the “Virtual Ground” of an operational amplifier. The linearity ervor is
degraded by approximately Vos +~ VRrgr. For example, it VRgr = 10V then a 1 mV offsel, Vios: on louTy or iyt will introduce an additional 0.01% linearity error.

Note §: Tested limits are guaranteed to National’'s AOQL {Average Outgoing Quality Level).
Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels.
Note 7: Guaranteed at Vrer= £ 10 Vpg and Vggr= +1 Vpg.

Note 8: The unit “FSR” stands for “Full Scale Range.” “Linearity Eror” and “Power Supply Rejection” specs are based on this unit to etiminate dependence on a
particular VRer value and to indicate the true performance of the part. The “Lineasity Ermor” specification of the DAC0830 is “0.05% of FSR (MAX)". This
guarantees that after performing a zero and full scale adjustment (see Sections 2.5 and 2.6), the piot of the 256 analog voltage outputs wil each be within
0.05% X Vger of a straight line which passes through zero and full scale.

Note 8: Boldface tested limits apply to the LJ and LCJ suffix parts only.

Note 10: A 100nA leakage current with Ry, =20k and Vper= 10V comesponds 1o a zero error of (100X 10920 103) X 100/ 10 which is 0.02% of FS.
Note 11: The entire write pulse must occur within the valid data interval for the specified tw. tps. tpH, and tg ta apply.

Note 12: Typicals are at 25°C and represant most tikely parametric norm.

Note 13: Human body model, 100 pF discharged through a 1.5 kQ resistor.

¢€800va/1£800vA/0€800VA
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Switching Waveform
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Definition of Package Pinouts

Control Signals (All control signals level actuated)

CS:
ILE:

WRq:

XFER:

Chip Select (active low). The CS in combina-
tion with ILE will enable WR.

Input Latch Enable (active high). The ILE in
combination with CS enables WR.

Write 1. The active low WRj is used to load the
digital input data bits (DI) into the input latch.
The data in the input latch is latched when WR4
is high. To update the input latch—CS and WR
must be low while ILE is high.

Write 2 (active low). This signal, in combination
with XFER, causes the 8-bit data which is avail-
able in the input latch to transfer to the DAC
register.

Transfer control signal (active low). The
XFER will enable WR;.

Other Pin Functions

Dlo-D|7:

louT+:

lout2:

Rip:

Digital Inputs. Dlp is the least significant bit
(LSB) and Dl is the most significant bit (MSB).
DAC Current Qutput 1. loyT; IS a maximum
for a digital code of all 1’s in the DAC register,
and is zero for alt 0's in DAC register.

DAC Current Output 2. igy72 is a constant
minus lguTs. of louT1HouT2 =constant (1 full
scale for a fixed reference voltage).

Feedback Resistor. The feedback resistor is
provided on the IC chip for use as the shunt

VREr:

Vee:

GND:

TL/H/5608-2

feedback resistor for the external op amp which is
used to provide an output voltage for the DAC.
This on-chip resistor should always be used (not
an external resistor) since it matchas the resistors
which are used in the on-chip R-2R ladder and
tracks these resistors over temperature.
Reference Voltage Input. This input connects an
external precision voltage source to the internal R-
2R ladder. VRer can be selected over the range of
+10 to —10V. This is also the analog voltage in-
put for a 4-quadrant multiplying DAC application.
Digital Supply Voltage. This is the power supply
pin for the part. Vo can be from +5to +15Vpg.
Operaticon is optimum for + 15Vpc.

The pin 10 voltage must be at the same ground
potential as lgyT1 and lpyTe for current switching
applications. Any difference of potential (Vg pin
10) will result in a linearity change of

Vos pin 10
3VRer
For example, if Vger = 10V and pin 10 is 9mV
oftset from loyTt1 and lpyT2 the linearity change
will be 0.03%.

Pin 3 can be offset £100mV with no linearity
change, but the logic input threshold will shift.
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Linearity Error

} b b v 3B ERROR BAND
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TL/H/5608-3
a) End point test after b) Best straight line ) Shifting s ad). to pass
Zero and fs ad|. best straight line test

Definition of Terms

Resolution: Resolution is directly related to the number of
switches or bits within the DAC. For example, the DAC0B30
has 28 or 256 steps and therefore has 8-bit resolution.

Linearity Error: Linearity Error is the maximum deviation
from & straight line passing through the endpoints of the
DAC transfer characteristic. It is measured after adjusting
for zero and full-scale. Linearity error is a parameter intrinsic
to the device and cannot be externally adjusted.

National’s linearity “end point test” (a) and the “best
straight line” test (b,c) used by other suppliers are illustrated
above. The *end point test” greatly simplifies the adjust-
ment procedure by eliminating the need for multiple itera-
tions of checking the linearity and then adjusting full scale
until the linearity is met. The “end point test” guarantees
that linearity is met after a single full scale adjust. (One ad-
justment vs. multiple iterations of the adjustment.) The “end
point test” uses a standard zero and F.S. adjustment proce-
dure and is @ much more stringent test for DAC linearity.

Power Supply Senaitivity: Power supply sensitivity is a

measure of the effect of power supply changes on the DAC
full-scale output,

Settling Time: Settling time is the time required from a code
transition until the DAC output reaches within +14LSB of
the final output value. Full-scale settling time requires a zero
to full-scale or full-scale to zero output change.

Full-Scale Error: Full scale error is a measure of the output
error between an ideal DAG and the actual device output.
Ideally, for the DACO830 series, full-scale is VRer —1LSB.
For Vper=10V and unipolar operation, VEy, scaLg=
10.0000V—39mV =9.861V. Full-scale error is adjustable to
zero.

Differential Nonlinearity: The difference between any two
consecutive codes in the fransfer curve from the theoretical
1 LSB is differential nonlinearity.

Monotonie: If the output of a DAC increases for increasing
digital input code, then the DAC is monotonic. An 8-bit DAC
which is monotonic to 8 bits simply means that increasing
digital input codes will produce an increasing analog output.
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FIGURE 1. DAC0830 Functional Diagram
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Typical Performance Characteristics
Digital Input Threshoid

Digital Input Threshold

Gain and Linearity Error

vs. Temperature vs. Vee Variation vs. Temperature
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DACO0830 Series Application Hints

These DAC’s are the industry’s first microprocessor com-
patible, double-buffered 8-bit muitiplying D to A converters.
Double-buffering allows the utmost application flexibility
from a digital control point of view. This 20-pin device is also
pin for pin compatible (with one exception) with the
DAC1230, a 12-bit MICRO-DAC. In the event that a sys-
tem’s analog output resolution and accuracy must be up-
graded, substituting the DAC1230 can be easily accom-
plished. By tying address bit Ag to the ILE pin, a twa-byte uP
write instruction (double precision} which automatically in-
crements the address for the sacond byte write (starting
with Ag="1") can be used. This allows sither an 8-bit or the
12-bit part to be used with no hardware or software chang-
es. For the simplest 8-bit application, this pin should be tied
to Vg (also see ather uses in section 1.1).

Analog signal control versatility is provided by a precision R-
2R ladder network which allows full 4-quadrant multiplica-
tion of a wide range bipolar reference voltage by an applied
digital word.

1.0 DIGITAL CONSIDERATIONS

A most unique characteristic of these DAC's is that the 8-bit
digital input byte is double-buffered. This means that the
data must transfer through two independently contralled 8-
bit latching registers before being applied to the R-2R lad-
der network to change the analog output. The addition of a
second register allows two useful control features. First, any
DAC in a system can simultaneously hold the current DAC
data in one register (DAC registar) and the next data word in
the second register (input register) to allow fast updating of
the DAC output on demand. Second, and probably more
important, double-buffering allows any number of DAC's in a

~55-35-15 5 25 45 65 85 105125
Ta. AMBIENT TEMPERATURE (°C)

—55-35-15 5 25 45 &5 BS5 105125
Ts. AMBIENT TEMPERATURE (°C)

TL/H/5608-5

system to be updated to their new analog output levels
simultaneously via a common strobe signal.

The timing requirements and logic level convention of the
register contral signals have been designed to minimize or
eliminate external interfacing logic when applied to most
popular microprocessors and development systems. It is
easy 1o think of these converters as 8-bit “write-only”’ mem-
ory locations that provide an analog output quantity. All in-
puts to these DAC’s mest TTL voltage level specs and can
also be driven dirsctly with high voltage CMOS logic in non-
microprocessor based systems. To prevent damage o the
chip from static discharge, all unused digital inputs should
be tied to Vgc or ground. If any of the digital inputs are
inadvertantly Ieft floating, the DAC interprets the pin as a
logic "1".

1.1 Double~-Butfered Operation

Updating the analog output of these DAC’s in a double-buff-
ered manner is basically a two step or double write cpera-
tion. In a microprocessor system two unique system ad-
dresses must be decoded, one for the input latch controlled
by the CS pin and a second for the DAC latch which is
controlled by the XFER line. If more than one DAC is being
driven, Figure 2, the CS line of each DAC would typically be
decoded individually, but all of the converters could share a
common XFER address to allow simultaneous updating of
any number of DAC's. The timing for this operation is
shown, Figure 3.

It is important to note that the analog outputs that will
change after a simultaneous transfer are those from the
DAC's whose input register had been modified prior to the
XFER command.
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DACO0830 Series Application Hints (continued)

DAC 1 2
ANALOG
E WA . D& 0 uTPUT
¢S XFER Wnz
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E |XFER
R ey |
DAC 2 2
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HE WA +°‘ == JuTPUT 2
S XFER Wn3
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[ | Y
1
0AC n -
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ILE WAl + 0A OUTPUT n
SYSTEM" 05 ¥XFER  wm
rmmm> I ] L -
SYSTEM WR N __
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*TIE TO LOGIC 1 IF NOT NEEDED {SEE SEC. 1.1).

FIGURE 2. Controiling Mutipie DACs
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UPDATED UPDATED

YFER Q3
ILE=LOGIC 1" \ /

TL/H/5608-8
FIGURE 3

The ILE pin is an active high chip select which can be de- one controlling the DAC's to take over control of the data
coded from the address bus as a qualifier for the normai CS bus and control lines. If this second system were to use the
signal generated during a write operation. This can be used same addresses as those decoded for DAC control (but for
to provide & higher degree of decoding unique control sig- a different purpose) the ILE function would prevent the
nals for a particular DAC, and thereby create a more effi- DAC's from being erroneously altered.
cient addressing scheme. in a “Stand-Alone” system the control signals are generat-
Another useful application of the ILE pin of each DAC in a ed by discrete logic. In this case double-buffering can be
multiple DAC system is 1o tie these inputs together and use controlled by simply taking TS and XFER to a logic *0", ILE
this as a control line that can effectively “freeze” the out- to a logic 1" and pulling WR; low to load data to the input
puts of all the DAC’s at their prasent value. Pulling this line latch. Pulling WR; low will then update the analog output. A
low latches the input register and prevents new data from logic “1”* on either of these lines will prevent the changing
being written to the DAC. This can be particularly useful in of the anaiog output.

multiprocessing systems to allow a processor other than the
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DACO0830 Series Application Hints continueq)

" \ /
ANALDG DATA
QUTPUT UPDATED LATCHED
TL/H/5608-7
ILE=LOGIC "1"; WR2 and XFER GROUNDED
FIGURE 4

1.2 Single-Buffered Operation
In a microprocessor conirolled system where maximum be met or aerroneous data can be latched. This hold time is
data throughput to the DAC is of primary concern, or when defined as the length of time data must be held valid on the
only one DAC of several needs to be updated at a time, a digital inputs affer a qualified (via TS) WH strobe makes a
single-butfered configuration can be used. One of the two jow to high transition to latch the applied data.
internal registers allows the data to flow through and the If the controlling device or system does not inherently meet
other register will serve as the data latch. these timing specs the DAC can be treated as a slow mem-
Digital signal feedthrough (see Section 1.5) is minimized if ory or peripheral and utilize a technique to extend the write
the input register is used as the data latch. Timing for this strobe. A simple extension of the write time, by adding a
mode is shown in Figure 4. wait state, can simultaneously hold the write strobe active
Single-buffering in a “stand-alone” system is achieved by and data valid on the bus 1o satisfy the minimum WH pulse-
strobing WR; low to update the DAC with CS, WR; and width. If this does‘not provide a sufficient data hold time at
XFER grounded and ILE tied high. the end of the write cycle, a negative edge triggered one-

shot can be included between the system write strobe and
1.3 Flow-Through Operation the WR pin of the DAC. This is illustrated in Figure 5 for an
Though primarily designed to provide microprocessor inter- exemplary system which provides a 250ns WR strobe time
face compatibility, the MICRO-DAC’s can easily be config- with a data hold time of less than 10ns.
ured to allow the analog output to continuously reflect the The proper data set-up time prior to the latching edge (LO to
state of an applied digital input. This is most useful in appli- HI transition) of the WR strobe, is insured if the WR pulse-
cations where the DAC is used in a continuous feedback width is within spec and the data is valid on the bus for the
control loop and is driven by a binary up-down counter, or in duration of the DAC WR strobe.
function generation circuits where a ROM is continuously
Simply grounding TS, WR{, WR3, and XFER and tying ILE When data is latched in the internal registers, but the digital
high allows both internal registers to follow the applied digi- inputs are changing state, a namow spike of current may
tal inputs (flow-through) and directly affect the DAC analog flow out of the current output terminals. This spike is caused
output. by the rapid switching of internal logic gates that are re-

sponding to the input changes.

There are several recommendations to minimize this effect.
When latching data in the DAC, always use the input regis-
ter as the latch. Second, reducing the V¢ supply for the

1.4 Control Signal Timing

When interfacing these MICRO-DAC to any microprocessor,
there are two important time relationships that must be con-

sidered to insure proper operation. The first is the minimum DAC from + 15V to + 5V affers a factor of 5 improvementin
WH strobe pulse width which is specified as 900 ns for all the magnitude of the feedthrough, but at the expense of
valid operating conditions of supply voltage and ambient internal logic switching speed. Finally, increasing C¢ (Figure
temperature, but typically a pulse width of only 180ns is 8) 1o a value consistent with the actual circuit bandwidth
adequate it Vooc=15Vpe. A second consideration is that requirements can provide a substantial damping effect on
the guaranteed minimum data hold time of 50ns should any output spikas.
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FIGURE 5. Accommodating a High Speed System

2.0 ANALOG CONSIDERATIONS

The fundamentai purpose of any D to A converter is to pro-
vide an accurate analog output quantity which is representa-
tive of the applied digital word. In the case of the DAC0830,
the output, loyT1. is a current directly proportional to the
product of the applied refarence voltage and the digital input
word. For application versatility, a second output, loyTs, is
provided as a current directly proportional to the comple-
ment of the digital input. Basically:

VREF « Digital Input

lout1=

15kt 256
| _ VRer _ 255 Digital input
OUT2™ 5 ke 256

where the digital input is the decimal {base 10) equivalent of
the applied 8-bit binary word (0 to 255), VRgr is the voltage
at pin 8 and 15 k(} is the nominal value of the internal resist-
ance, R, of the R-2R ladder network (discussed in Section
2.1).

Several factors external to the DAC itself must be consid-
ered to maintain analog accuracy and are covered in subse-
quent sections.

2.1 The Current Switching R-2R Ladder

The analog circuitry, Figure 6, consists of a silicon-chromi-
um (SiCr or Si-chrome) thin film R-2R ladder which is depos-
ited on the surface oxide of the monolithic chip. As a result,
there are no parasitic dicde problems with the ladder {as
there may be with diffused resistors) so the reference volt-
age, VRer, can range —10V to + 10V even if V¢ for the
davice is 5Vpc.

The digital input code to the DAC simply contrals the posi-
tion of the SPDT current switches and steers the available
ladder current to either oyt or loyte as determined by the
logic input level (1" or “0’") respectively, as shown in

Figure 6. The MOS switches operate in the current mode
with a small voltage drop across them and can therefore
switch currents of either polarity. This is the basis for the 4-
quadrant multiplying feature of this DAC.

2.2 Basic Unipolar Output Voitage

To maintain linearity of output current with changes in the
applied digital code, it is important that the voltages at both
of the current output pins be as near ground potential
(QVpg) as possible. With Vrge= 1+ 10V every millivolt ap-
pearing at either lpyTy or lgyT2 will cause a 0.01% linearity
error. In most applications this output current is converted to
a voltage by using an op amp as shown in Figure 7,

The inverting input of the op amp is a “virtual ground” creat-
ed by the feedback from its output through the internal 15
k resistor, Ry, All of the output current (determined by the
digital input and the reference voltage) will fiow through Ry
to the output of the amplifier. Two-quadrant operation can
be obtained by reversing the polarity of VRer thus causing
louT to flow into the DAC and be sourced from the output
of the amplifier. The output voltage, in sither case, is always
equal to loyT1 X Ryp and is the opposite polarity of the refer-
ence voltage.

The reference can be either a stable DC voltage source or
an AC signal anywhere in the range from —10V to +10V.
The DAC can be thought of as a digitally controlled attenua-
tor: the output voltage is always less than or equal to the
applied reference voltage. The Vrer terminal of the device
presents a nominal impedance of 15 k() to ground to exter-
nal circuitry,

Always use the internal Ry, resistor to create an output volt-
age since this resistor matches (and tracks with tempera-
ture) the value of the resistors used to generate the output
current (loyT1)-
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2.3 Op Amp Considerations

The op amp used in Figure 7 should have offset voltage
nulling capability (See Section 2.5).

The selected op amp should have as low a value of input
bias current as possible. The product of the bias current
times the feadback resistance creates an output voltage er-
ror which can be significant in low reference voltage appli-
cations. BI-FET op amps are highly recommended for use
with these DACs because of their very low input current.

Transient response and setiling time of the op amp are im-
portant in fast data throughput applications. The largest sta-
bility problem is the feedback pole created by the feedback
resistance, Rgp, and the output capacitance of the DAC.
This appears from the op amp output to the (—) input and
includes the stray capacitance at this node. Addition of a
lead capacitance, G¢ in Figure 8, greatly reduces overshoot
and ringing at the output for a step change in DAC output
current.

Finally, the output voltage swing of the amplifier must be
greater than Vper to allow reaching the full scale output
voltage. Depending on the loading on the output of the am-
plifier and the available op amp supply voltages (only +12
volts in many development systems), a reference voltage
less than 10 volts may be necessary to obtain the full ana-
log output voltage range.

2.4 Bipolar Output Voltage with a Fixed Reference

The addition of a second op amp 1o the previous circuitry
can be used to generate a bipolar output voltage from a
fixed reference voltage. This, in effect, gives sign signifi-
cance to the MSB of the digital input word and allows two-
quadrant multiplication of the reference voltage. The polarity
of the reference can aiso be reversed to realize full 4-quad-
rant multiplication: 1 Vggr X £Digital Code= +Vpyr. This
circuit is shown in Figure 9.

This configuration foatures several improvements over ex-
isting circuits for bipolar outputs with other multiplying
DACs. Only the offset voltage of amplifier 1 has to be nulled
to preserve linearity of the DAC. The ofiset voltage error of
the second op amp (although a constant output voltage er-
ror) has no effect on linearity. It should be nulled only if
absolute output accuracy is required. Finally, the values of
the resistors around the second amplifier do not have to
match the internal DAC resistors, they need only to match
and temperature track each other. A thin film 4-resistor net-
work available from Beckman Instruments, Inc. (part no.
694-3-R10K-D) is ideally suited for this application. These
resistors are matched to 0.1% and exhibit only 5 ppm/°C
resistance tracking temperature coefficient. Two of the four
available 10 k& resistors can be paralleled to form R in
Figure 9 and the other two can be used independently as
the resistances labeled 2R.

2.5 Zero Adjustment

For accurate conversions, the input offset voltage of the
output amplifier must always be nulled. Amplifier offset er-
rors create an overall degradation of DAC linearity.

The fundamental purpose of zeroing is to make the voltage
appearing at the DAC outpits as near OVpg as possible.
This is accomplished for the typical DAC — op amp connec-
tion (Figure 7) by shorting out Ry, the amplifier feedback
resistor, and adjusting the Vg nulling potentiometer of the
op amp until the output reads zero volts. This is done, of
course, with an applied digital code of all zeros if loyT1 is
driving the op amp (all one’s for loyTz). The short around
Ry, is then removed and the converter is zero adjusted.
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FIGURE 9

2.6 Full-Scale Adjustment

In the case where the matching of Rg, to the R value of the
R-2R ladder (typically +0.2%) is insufficient for full-scale
accuracy in a particular application, the VRer voltage can be
adjusted or an external resistor and potentiometer can be
added as shown in Figure 10 to provide a full-scale adjust-
ment.

The temperature coefficients of the resistors used for this
adjustment are an important concern. To prevent degrada-
tion of the gain error temperature coefficient by the external
resistors, their temperature coefficients ideally would have
to match that of the internal DAG resistors, which is a highly
impractical constraint. For the values shown in Figure 70, if
the resistor and the potentiometer each had a temperature
coefficient of £+ 100 ppm/°C maximum, the overall gain error
temperature coefficent would be degraded a maximum of
0.0025%/°C for an adjustment pot setting of less than 3%
of Rep.

2.7 Using the DACO0830 in a Voltage Switching
Configuration

The R-2R ladder can also be operated as a voltage switch-
ing network. In this mode the ladder is used in an inverted

manner from the standard current switching configuration.
The reference voltage is connacted to one of the current
output terminals (loyT¢ for true binary digital control, loyTe
is for complementary binary) and the output voitage is taken
from the normal Vrge pin. The converter output is now a
voltage in the range from OV to 255/256 VRrer as a function
of the applied digital code as shown in Figure 71.

DIGITAL FULL SCALE ADJUSTMENT
‘NNT A'A'A
e LN
ey
1MQ
N
Vaer louny
[o 08 DAC0O830 b Voot
lourz
h — ZERQ ADJUSTMENT
= (OF AMP Vg3 ADJ.)
x Vec
TL/H/56808-11

FIGURE 10. Adding Full-Scale Adjustment
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FIGURE 11. Voltage Mode Switching

This configuration offers several useful application advan-
tages. Since the output is a voltage, an external op amp is
not necessarily required but the output impedance of the
DAC is fairly high (equal to the specified reference input
resistance of 10 k) to 20 k1) so an op amp may be used
for buffering purposes. Some of the advantages of this
mode are illustrated in Figures 12, 13, 14 and 75,

There are two important things to keep in mind when using
this DAC in the voltage switching mode. The applied refer-
ence voltage must be positive since there are internal para-
sitic diodes from ground to the loyTt1 and lpyt2 terminals
which would turn on if the applied reference went negative.
There is also a dependence of conversion linearity and

Vper = 2.5Vp¢
LM3%

AAA 2

Low t | $a

AN
b4

>

<

v 3
-

¢ Veltage switching mods eliminates output signal inversion and therefore a
need for a negative power supply.

* Zaro code output voltage is limited by the low level output saturation volt-
age of the op amp. The 2 k(2 pull-down resistor helps to reduce this voit-
age.

* Vg of the op amp has no effect on DAC linearity.

FIGURE 12. Single Supply DAC

ot = +2.5%c{) +%})(,:'-)

gain error on the voltage differonce between Vg and the
voltage applied to the normal current output terminals. This
is a result of the voltage drive requirements of the ladder
switches. To ensure that all 8 switches turn on sufficiently
{so as not 1o add significant resistance to any leg of the
ladder and thereby introduce additional linearity and gain
arrors) it is recommended that the applied reference voltage
he kept less than +5Vpg and Vg be at least 9V more
positive than Vger. These restrictions ensure less than
0.1% linearity and gain error change. Figures 16, 17 and 78
characterize the effects of bringing Vger and Vg closer
together as well as typical temperature performance of this
voltage switching configuration.

% M oy 1 +2.5V REFERENCE
N DACDE3D
| Yner LM338
| L3 E

0 —2.5%e < Yo < 25c(22)

TL/H/5808-13

* Slewing and settling time for a full scale output change is = 1.8 us

FIGURE 13. Obtaining a Bipolar Output from a Fixed
Reference with a Single Op Amp
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—0 10V < Vour < +1w(%)

o<vm<%(z.m

FIGURE 14. Bipolar Output with Increased Output Voltage Swing

+15v
! 0 ! +H3y
Tzu 1 ¥, 20
e loyry o
DAC083D 10k
¥ +15
3 Ve a0 len < [ 1] 1
10[3 20
+1sY = Vour 10K
=Vpax =
—-=C
- =Vum
CODE (D)
o TL/H/5608-14
* Only a single + 15V supply required
¢ Non-interactive full-scale and zero ceda output adjustments
® Viyax and Viyy must be < +5vDC and 20V,
* incremantal Output Step = S Vmax—VYMIN)-
256
D 5.
*Your =:‘;5—6(me —Vmin + g%svum
FIGURE 15. Single Supply DAC with Level Shift and Span-
Adjustable Output
Gain and Linearity Error Gain and Linearity Error Gain and Linearity Error
Variation vs. Supply Voltage 04 Variation vs. Reference Voltage Variation vs. Temperature
VOLTAGE MODE OPERATION || 4 ["votTaee wove 9100 FiTAGE MOOE OPERATION
= ‘“"‘“mm; — OPEATION }l 0.075 AUINEARITY ERROR !
g agl testw ) u Z 0.2 |ALNEARITY = 0.080 Yoo = 15V, Vaer =5V
g \ = | Enn'n" / J/ Voo = 15V = Voo =12V, ¥agr=2.8V — //
g VAN Vot = 12V AT i g 0.025 o
: /% = 0 <vu= 15V . o SN
S ' = 2.“ . —— ' = 12' — A,
g il 1 Vagr = g !" g 0% - AGAIN ERROR
-0.2 —— ABAIN ERROR 52 ; S-0m Yor =18V, Vags =5V OR
n.sulvc Mﬂlillﬂl oS v¢q=1;v, Vw =1.E_V
ea L] T o 11T
02 4 6 8 W 12 U 0 2 4 ] L ] —~B5-25-15 5 25 45 63 45 105 128
Yoo, SUPPLY VOLTAGE (Vao) Vaer, REFERENCE VOLTAGE (Vog) Ta, AMBIENT TEMPERATURE (*C)
TL/H/5608-15
FIGURE 16 FIGURE 17 FIGURE 18

Note: For these curves, Vger is the voltage ap-
plied to pin 11 (loyry) with pin 12 (IoyT2)
grounded.
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2.8 Miscellaneous Application Hints

These converters are CMOS products and reasonable care Overall noise reduction and reference stability is of particu-
should be exercised in handling them to prevent catastroph- lar concern when using the higher accuracy versions, the
ic failures due to static discharge. DAC0830 and DACO0831, or their advantages are wasted.
Conversion accuracy is only as good as the applied refer- 3.0 GENERAL APPLICATION IDEAS

ence voltage so providing a stable source over time and
temperature changes is an important factor to consider.

A “'good™ ground is most desirable. A single point ground
distribution technique for analog signals and supply returns
keaps other devices in a system from affecting the output of
the DAGs. ,

During power-up supply voltage sequencing, the —15V (or
—12V) supply of the op amp may appear first. This will

The connections for the control pins of the digital input reg-
isters ara purposely omitted. Any of the control formats dis-
cussed in Section 1 of the accompanying text will work with
any of the circuits shown. The method used depends on the
overall system provisions and requirements.

The digital input code is referred to as D and represents the
decimal equivalent value of the 8-hit binary input, for exam-

cause the output of the op amp to bias near the negative ple:

supply potential. No harm is done to the DAC, however, as Binary Input

the on-chip 15 k) feedback resistor sufficiently limits the Pin 13 Pin7 D

current flow from Igyt1 when this lead is internally clamped MSB LSB Decimal Equivalent

to one diode drop below ground.

Careful circuit construction with minimization of tead lengths L S T L 255
around the analog circuitry, is a primary concern. Good high 1 000 00 00O 128
froquency supply decoupling will aid in preventing inadver- 0 0 01 0 0 0 O 16
tant noise from appearing on the analog output. o 0 0 0 0 0 1 O 2
0O 00 0 0 0 O O 0
Applications
DAC Controlied Amplifier (Volume Controd) Capacitance Muitiplier

DIGITAL

INPUTS

- O

¥in
|9
20 157 Ve oo +15v
8
Vaer g VRer
I
¢ Ceouv
1
TL/H/5608-16
— V) (256 256
*Vour= Ih:)( ) * Cequiv=C1 (HF)
» When D=0, the amplifier will go open loop and the output will saturate. ¢ Maxirmum voltage across the aquivalent capacitance is
* Feedback impedance from the —input to the autput varies from 15 kQ to - Yo max (op amp)
oo a8 the input code changes from full-scale to zero. fimited to )+ 256
D

* Cz is used to improve settling time of op amp.
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Variable g, Variable Qg, Constant BW Bandpass Fliter
Rg

AAA

'Yy

+15V
LJ

-15Y

e ! | e

Ry
Av‘v‘v -
15k LF347 ' lount N -

+ DACO830 LF347
Yee lourz +

R,
A +15V 'P
Yy

15k =

Syt

TL/H/5808-17

ofo =

v ’KD (2Rg + Ry . 3dbBW = Ra(X + 1)

2#H1C 56 RolK + 1)’ 27R1C(2Rq + R1)

whereC,=Cz=C;K=?andR1 = Rof DAC = 15k
5

*Ho = 1for Ry = Ry = Ry

* Range of fo and Q is = 16 to 1 for circuit shown. Tha
range can be extended to 255 to 1 by replacing Ry with a
sacond DAC0830 driven by the same digital input word.

¢ Maximum fo X Q product should be <200 kHz.

DAC Controlied Function Generator

+15V
10k <10k
AMPLITUDE
2N3810 {
‘v“"'
+15¢ ] S\ 1‘05 -
ey
LF351
75k L . — r\l
25k SINE WAVE
SYMMETRY 4 - QUTAUT

TRIM
~15v
WMSHME/ E{

AAA

)

Lm . Tﬂs'l
+5 TRI-WAVE <

c —o N ' ireur s

M | W— | -5 300K

Y LM392
+15

TL/H/5608-18
¢ DAC controls the frequency of sine, square, and triangle outputs.
D
= mfﬂf\’ow = Vowmin of square wave output and Ry = 3 R,

« 255 10 1 linear frequency range; osclllator stops with D = 0
¢ Trim symmetry and wave-shape for minimurn sine wave distortion.
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Two Terminal Floating 4 to 20 mA Current Loop Controller
INPUT

iN4DOY

LM334
% 20

39

A
Yy
- sia_l
1< ] 5000

! N

LM3290 Y

LM3200

m Vg lout? + 6
Lis e DAC0830 Lm10 B2PE3TB
8

loutg
Vocr GND GND 17 ) 4
3] [

k y

1

Ry
100

AAA
oy

15 0

rmu loyt € 20mA .

TL/H/5608-182

lout = V. [-‘-+L][1+F2]
ouT = VREF | 2 ¥ 256 R Ra

» DACOB30 linearly controls the current flow from the input terminal to the
output terminal to be 4 mA (for D=0) to 19.94 mA (for D=255).

» Circuit operates with a terminal voltage differential of 16V to 55V.

» P, adjusts the magnitude of the output current and Py adjusts the zero
to full scale range of output current.

» Digital inputs can be supplied fram a processor using opto isolators on
each input or the DAC latches can flow-through (connect control lines to

pins 3 and 10 of the DAC) and the input data can be set by SPST toggle
switches to ground (pins 3 and 10).

DAC Controlled Exponential Time Response

10k

VEINAL
ViniTiaL —/R-

+aTODANDC
V.= 70 V0UT ~ VIN) + S53WN

* Qutput responds exponentially to input changes and automatically stops
when Vout=ViN

« Output time constant is directly proportional to the DAC input code and
capacitor C

 Input voltage must be positive (See section 2.7)

TL/H/5608-20
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Ordering Information

Temperature Range 0°Cto +70° —40°Cto +85°C | —55°C to +125°C
Non 0.05% FSR DACO830LCN DACO830LCM DAC0830LCV DACO830LCY DAC0830LJ
Linearity | 0.1% FSR DACO0831LCN
0.2% FSR DACO0832LCN DAC0832LCM DACO0832LCV DAC0832LCY DACO0832LJ
Package Outline N20A—Molded DIP | M20B Small Outline | V20A Chip Carrier J20A—Ceramic DIP
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