ANALOG
DEVICES

Quad 8-Bit Multiplying CMOS
D/A Converter with Memory

DAC8408

FEATURES

Four DACs in a 28 Pin, 0.6 Inch Wide DIP or 28-Pin JEDEC
Plastic Chip Carrier

+1/4 LSB Endpoint Linearity

Guaranteed Monotonic

DACs Matched to Within 1%

Microprocessor Compatible

Read/Write Capability (with Memory)

TTL/CMOS Compatible

Four-Quadrant Multiplication

Single-Supply Operation (+5 V)

Low Power Consumption

Latch-Up Resistant

Available In Die Form

APPLICATIONS

Voltage Set Points in Automatic Test Equipment
Systems Requiring Data Access for Self-Diagnostics
Industrial Automation

Multichannel Microprocessor-Controlled Systems
Digitally Controlled Op Amp Offset Adjustment
Process Control

Digital Attenuators

GENERAL DESCRIPTION

TheD AC 8408 is am onolithic quad 8-bim ultiplyhg digitakto-
analbg CM O S converter.Each D AC has its own reference input,
feedback resistor, and onboard data latches that feature

read Av rite capability . T he readback fiinction serves asm em ory
forthose system s requiring self-diagnostics.

A common 8biTTLAM OS com patble nput port is used to
Jad data into any of the fourD AC data-latches. C ontrol Ines
D_SI,D_SQ., and A B detem newhich DAC w illaccept data.

D ata bading is sin ilarto thatofa RAM sw rite cycle.D ata can
be read back onto the sam e data bus w ith controlline R AW . The
D AC 8408 isbus com patble w ih m ost 8-bim icroprocessors,
cliding the 6800, 8080, 8085, and Z80.The D AC 8408 oper—
ateson a singke +5 volt supply and dissipates lessthan 20 m W .
TheD AC 8408 ism anufactured usihg PM I'shighly stable,
thin—filn resistors on an advanced oxide-isolated, silicon-gate,
CM O S process.PM T's in proved latch-up resistant design elin i~
nates the need for extemal protective Schottky diodes.

ORDERING INFORMATION'

Temperature Package
M odel INL DNL Range Description
DACB8408GP [+£1ALSB|+1/42 LSE|[0°C to +70°C 28Pin Plastic D TP
DACBA08ET |[+£1ALSB|[+1/2 LSB|-40°C t0 +85°C [28Pin Cerdip
DACBA08AT? [£1A LSB|[+1/2 LSB|-55°C t +125°C [28-Pin Cendip
DACBA0SFT |[£12LSB|+1LSB |[-40°C t0 +85°C [28Pin Cerdip
DACS8408BT? [£12 LSB|[+1LSB |[-55°C t0 +125°C [28-Pin Cendip
DAC8408FPC*|£12 LSB|+1 LSB [-40°C t0 +85°C [28-ContactPLCC
DACS8408FS |[£12LSB|+1LSB |-40°C 0 +85°C [28PmsSOL
DACB8408FP |[+£12 LSB|+1LSB [-40°C t0 +85°C [28PinPhsticD P
NOTES

'Bum-in is available on comm ercial and industrial tem perhire range parts

In cerdip, plastic D IP, and T O —can packages. For outline nfom ation see Pack-
age Infom ation section.

*For devices processed in total com pliance to M IL-STD -883, add 883 after
part num ber. C onsul factory for 883 data sheet.

*For availability and bum-in infom ation on 80 and PLC C packages, contact
your local sales office.
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DAC8408

HECTRICAL CHARACTERISTICS (@ Vi = +5V: Ve = 10 V: Vi, B, C, D= 0 Vi Ty.= ~55°C to +125°C apply for

DAC8408AT/BT, T,= -40°C to +85°C apply for DAC8408ET/FT/FP/FPC/FS; Ty = 0°C to +70°C apply for DAC8408GP, unless otherwise noted.

Specifications apply for DACA B, C, & D))

D AC8408
Parameter Symbol Conditions Min Typ Max | Units
STATIC ACCURACY
Resolution N 8 Bits
N onlinearity' 2 L D AC 8408A £ G T1/4 LSB
DACS8408B F H 12 | LsB
D ifferential DNL DACB8408A L 1L LSB
N onlinearity D AC 8408B f H t1 LSB
G an Eror G rsg U sihg IntemalRyg) t1 LSB
G ain T em pco’® TCgrs t2 +40 ppm fC
Power Supply Rejpction
AV, = £10% ) PSR 0001 | $FSRA
Luriarsrern
Leakage C urrent’’ Lko T, =+25°C +30 nA
T, = FullT em perature Range +100 | nA
REFERENCE INPUT
Tnput Volage Range +20 v
Input Resistance M atch’ Ra,s,c,p t1 %
Input R esistance Ry 6 10 14 kQ
DIGITAL INPUTS
D Yyital Tnput Low Vo 0.3 v
D gial Input H igh Vo 2.4 v
Tnput C urrent’ Ta = +25°C 1001 +1.0 |ua
Iy T, = FullT em perature Range +100 | pa
Input C apacitance’ Cm 8 PF
DATABUSOUTPUTS
D YialO utput Low Voi 16mA Shk 0.4 v
D italO utputH igh Vou 400 pA Source 4 v
O utput Leakage C urrent Lxg T, = +25°C +0.005 *1.0 ua
T, = FullT em perature Range +0.075 £10.0 | pa
DAC OUTPUTS®
P ropagation D elay’ %o 150 180 ns
Settling T in e ty 190 250 ns
O utput C apaciance Cour D AC LatchesAI1“0s” 30 PF
D AC LatchesAIll“1s” 50 PF
AC Feedthrough FT @0V,, @ F =100 kH z) 54 dB
SWIICHING CHARACTERIST IC s%1°
W rite to D ata Strobe T in e g OF T, = +25°C 90 ns
%52 T, = FullT em perature Range 145 ns
D ataValid to Strobe SetUp Tine % sy T, = +25°C 150 ns
Ta = FullT em perature Range 175 ns
D ataVald to StrobeHold Tine By 10 ns
D AC Sekctto Strobe SetUp Tine Gs 0 ns
DAC Sekctto StrobeHold Tine tay 0 ns
W rite Select to Strobe SetUp Tine % su 0 ns
W rte Selectto Strobe Hold Tin e i n 0 ns
Read to D ata Strobe W idth s T, = +25°C 220 ns
Ta = FullT em perature Range 350 ns
D ata Strobe to Outputvald Tine %o T, = +25°C 320 ns
T, = FullT em perature Range 430 ns
OutputD atato D eselect T in e %o T, = +25°C 200 ns
T, = FullT em perature Range 270 ns
Read Selectto Strobe Set-Up Tine sy 0 ns
Read Selectto Strobe Hod Tine t&au 0 ns

Specifications subfct to change w ithout notice.
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DAC8408

ELECTRICAL CHARACTERISTICS @ Vi = +5V: Vi = 10 V: Vo B, €, D= 0 V: Ty= ~55°C to +125°C apply for

DAC8408AT/BT, T,= -40°C to +85°C apply for DAC8408ET/FT/FP/FPC/FS; Ty = 0°C to +70°C apply for DAC8408GP, unless otherwise noted.

Specifications apply for DAC A B, C, & D. Continued

D AC8408
Parameter Symbol Conditions Min Typ Max Units
POW ER SUPPLY
Voltage Range Voo 45 55 v
Supply C urrent® 5o 50 UA
Supply C urrent’ Ip T, = +25°C 10 mA
T, = FullT em perature Range 15 mA

NOTES

1T his is an end-point linearty specification .

%G naranteed to be m onotonic over the 1]l operating tem perature range.

*pem PC of FSR (FSR = FullScak Range = Vggp-1 LSB.)

4InputResjstance T em perature C oefficient = + 300ppm ~C .

*Logic Inputsare M O S gates. T ypical input current at +25°C Is Jess than 10 nA .
®G uaranteed by desion .

"From D igital Inputto 90% of finalanalog output current.

*A LD igital Tnputs “0” orVyy .

*AIID igial puts Vg orVoy,.

5ee T im Ihg D iagram .

Hp gital Tnputs= 0 V to Vpp orVp, to 0 V.

lexUﬁpolated:ts (12 LSB) =ty + 62T whereT = them easured first tim e con—
stant ofthe finalRC decay.

BAND igital Tnputs= 0 V; Vggp = +10 V.

Specifications subfct to change w ithout notice.

PIN CONNECTIONS

Voo [1] @ ~ 28] DGND
VrerA E ZI VRerC
Rreh [3 ] 26] RegC 28-PIN
'OUTIAE E'OU‘TIC HEHMET".: DIP
lout 2a/louT 28 E ZI lour 2¢/louT 20 (T'SUHIX)
lout e E DACS8408 E lout 1D
RrpB II TOP VIEW 2__2] ResD 28-PIN
VaeeB (2] (Not to Scale) [21] VaerD EPOXY DIP
(LSB) bBo [ 9 | 20] DS2 (P-Suﬂix)
oB1[10 9] DS1
pB2[ 1 18| R/W
o83 [1z 7] AB 28-PIN S'OL
pBa [ 13 E DB7 (MSB) (S-SU“IX)
DB5 | 14 15 | DB6
ABSOLUTE MAXIMUM RATINGS
(T s = +25°C , unless otherw ise noted .)
VDDtoL)UT 2AIL)UT 2BIL)UT 2CIL)UT 2D s s s s s s ee OVI+7V
Vpp 0D GND ettt et et ettt 0vV,+7V

L)UT 1Ar L)UT 1B

Luricsbyrip tODGND
RepgA, RpgB/RppC, RppD 0 Lhyr

L)UT 2A7 L)UT 2Bt

Turacr byr o ©DGND
DBO throughDB7toDGND
ControlLogic

hputVoltagetoDGND .......... 03V +Vyp, +03V
VirerA s VrerB VirerC  VeerD to

......... 03V toVy, +03V
................. +25V

......... 03V toVy, + 03V
........ 03V toVpp + 03V

I)UT 2AII)UT 2BIL)UT 2CIL)UT 2D s e s e e st i25v
0 perating T em perature Range
CommercialGrade GP) .o vviiiiinnnnn 0°C to +70°C

IndustrialG rade €T ,FT,FP,FPC,FS) . —40°C to +85°C

M iltary Grade AT ,BT) ..vvvvinnnnn. -55°C to +125°C
Junction T e Peratllre . .. v et e et ennneeeannn. +150°C
Storage Tem peratlire .. ....veeeueeenenn.. —-65°C to +150°C
Lead T em perature (Sodering, 10 sec) ......oon... +300°C
REV. A
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Package Type 040" 0 Units
28Ph HemeticDIP (T) 55 10 ‘ch
28Pmn PlasticD IP @) 53 27 ‘ch
28-PIn SOL (S) 68 23 ‘ch
28-ContactPLCC (C) 66 29 °C M

*0g is specified for worst case mounting conditions, ie. 04 is specified fHor
device In socket fr cerdip and P-D IP packages; 0z is specified for device
soldered to printed circuitboard for SOL and PLCC packages.

CAUTION
1. D o notapply volkages higherthan Vpp +0.3 V or less than
-0 3V potentialon any tem inalexcept Vipp and Ryp .

2. The digital control nputs are diode-protected; how ever,
perm anent dam age m ay occur on unconnected nputs from
high energy electrostatic fields. K eep h conductive foam at
alltin es until ready to use.

3. U se proper antistatic handling procedures.

4. Absolite M axin um Ratings apply to both packaged devices
and D ICE . Stresses above those listed underAbsolite M axi-
mum Ratihgsm ay cause perm anent dam age to the device.
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A.7uF 0.014F 4 louT 14 louT 16 0.01.F 4.7uF
24
5 louT 2a/louT 28 louT 2c/louT 20
6 23
lout 18 louT 1D
P. 7 22
R2 v RrpB ReaD \V4
5k() 8 ' 21
VRerB VRerD
—— |20
9 (LSB) DBO DS2
L L os1 |2
" — 118 R4
DB2 R/W - b
21083 A/B
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Burn-in Circuit

CAUTION
ESD (electrostatic discharge) sensitive device. E lectrostatic charges ashigh as 4000 V readily
accum ulate on the hum an body and test equim ent and can discharge without detection.

WARNING! @
A though the D AC 8408 featuresproprietary ESD protection circuitry, pem anentdam agem ay W“

occur on devices sub®cted to high energy electrostatic discharges. T herefore, proper E SD
precautions are recom m ended to avoid perfom ance degradation or loss of functionality.

ESD SENSITIVE DEVICE

DICE CHARACTERISTICS

1.Vop 15.DB6
2.Vaprk 16.DB7 (1 SB)
3.Rpph 17.AB

4. T0r 1 18.R W

5. %vraa/bor 19-D_Sl

6. L1 15 20.DS2
7.RpsB 21.VageD
8.VagrB 22.RppD
9.DB0 (LSB) 23. Lot 1
10.DB1 24 . Lyg2¢ Dour 20
11.D B2 25. Lot 1c
12.DB3 26.RpsC

13.D B4 27 .VegeC
14.DBS 28.DGND

DIESIZE0.130 x 0.124 inch, 16,120 sq. mils
(3.30x3.15mm, 10.4s9g. mm)

_a REV. A



DAC8408

WAFER TESTLUMITS at Voo = +5 V; Ve = 10 V; Vour B, G, D= 0 V: Ty = +25°C, unless otherwise noted. Specifications apply for

DACA B, C, &D.
D AC8408G
Parameter Symbol Conditions Limits Units
STATIC ACCURACY
Resolution N 8 Bism in
N onlheariy! WL t1.2 LSB m ax
D ifferential N onlnearity DNL t1 LSB m ax
G ah Eror Grse U sihhg IntemalRgp t1 LSB m ax
Power Supply Rejpction PSR U sihg IntemalRpp 0.001 % FSR A max
AV, = £10% )2
Lyt 1a,s,c,p Leakage Cument | Fkg AND gialhputs= 0V 130 nA m ax
Veer = 110V
REFERENCE INPUT
Reference Input Ry 614 kQ m i ax
R esistance’
TnputResistance M atch Ry t1 % max
DIGITAL INPUTS
D Yyital Tnput Low Vi 03 vV max
D YialTnputH igh Vm 24 v min
Input C urrent’ Iny +1.0 MA m ax
DATABUSOUTPUTS
D YialO utput Low Vor 16mA Shk 04 vV max
D italO utputH igh Vou 400 pA Source 4 vV min
O utput Leakage C urrent Lo t1.0 MA m ax
POW ER SUPPLY
Supp]yCunrenf’ 5o 50 UA m ax
Supp]yCuJ:l:ent6 5o 10 mA max

NOTES

T his is an endpoint Inearity specification .

’FSR isFullScaleRange = Vggp -1 LSE.

*Input Resistance T em perature C oefficient approxin ately equals + 300 ppm /~C .
‘Logic nputsareM 0 8 gatesT ypical nput current at + 25°C is lessthan 10 nA .
*A 1D igial Inputs are etther “0” orVyy .

*A 1D igital Inputs are etther Vo orvy .

E lectrical tests are perform ed at w afer probe to the lin its shown.D ue to variations In assem bly m ethods and nom alyleld bss, yield affer packaging is not quaranteed
for standard product dice. C onsul factory to negotiate specifications based on dice ot qualification through sam ple bt assem bly and testing.

REV. A _5_
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TYPICAL PERFORMANCE CHARACTERISTICS
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PARAMETER DEFINITIONS

RESOLUTION
Resolution is the num ber of states 2) that the flill-scale range
FSR) ofaD AC isdivided (orresolved) into.

NONLINEARITY

N onlhnearity Relative A ccuracy) is am easure ofthe m axin um
deviation from a straight line passing through the end-poits of
the D AC transfer function. It ism easured after ad justing for
deal zero and fitlkscalk and is expressed h LSB, % , orppm of
f1lkscak range.

DIFFERENTIAL NONLINEARITY

D ifferential N onlinearity is the worst case deviation ofany ad a-
cent analog outputs from the ideall LSB step size. A specified
differentialnonlinearity of+1 L SB m axin um over the operating
tem peratuire range ensuresm onotonicity.

GAIN ERROR

G aih Eror (fulkscale error) is am easure of the output error be—
tween the dealand actualD AC output. T he deal fullscale
output isVypp -1 LSB.

OUTPUT CAPACITANCE
O utput C apacitance is that capaciance between Lyt 12, byt 18/
Lyric/Oryr p andAGND .

REV. A

AC FEEDTHROUGH ERROR
T his is the error caused by capacitance coupling from Vygp to
the D AC outputw ith all sw iches off.

SETTLING TIME
Settling T in e is the tin e required for the output function ofthe
DAC to settle to within 12 LSB fora given digital nput signal.

PROPAGATION DELAY

This isam easure ofthe ntemaldelaysofthe D AC . It is defined
asthe tin e from a digital hput change to the analog output cur-
rent reaching 90% of its finalvalie.

CHANNEL-TO-CHANNEL ISOLATION

T his is the portion of input signalthat appears at the output ofa
DAC from anotherD AC’s reference hput. It is expressed as a
mto h dB.

DIGITAL CROSSTALK

D »italC rosstakk is the glitch energy transferred to the output of
one D AC due to a change I digital nput code from other

D AC s. It is specified h nVs.



DAC8408

CIRCUIT INFORMATION

TheD AC 8408 com bines our dentical8-btCM O SD AC S
onto a shgkm onolithic chip.Each D AC has is own reference
hput, feedback resistor, and on-board data latches. Tt also fea—
tures a read & rite fanction that serves as an accessible m em ory
Jcation fordigitak-nput data words. The D AC ’s three-state
readback drivers place the data w ord back onto the data bus.

D/A CONVERTER SECTION

Each D AC contahsahighly stablk, silicon-chrom um , thin-filn ,
R 2R resistor ladder netw ork and eight pairs of current steering
sw itches. T hese sw itches are n series w ith each ladder resistor
and are sihgke-polk, double-throw N M O S transistors; the gates
ofthese transistors are controlled by CM 0 S verters.F gure 1
show s a st plified circuit ofthe R 2R resistor ladder section,
and F gure 2 show s an approxin ate equivalent sw ich circuit.

T he current through each resistor leg is sw itched between Ty 1
and Lyt 2. Thism ahtains a constant current in each kg, re—
gardless of the digital hput bogic states.

E ach transistor sw itch has a finite “O N ” resistance that can n-
troduce errors to the D AC ’s specified perfom ance. T hese resis—
tancesm ust be accounted forby m aking the volage drop across
each transistor equalto each other. T his is done by binarily-
scaling the transistor’s "O N ” resistance from the m ost signifi-
cantbit M SB) to the least significantbit (LSB).W ih 10 vols
applied at the reference nput, the current through the M SB
swich is0.5mA, thenextbitis025mA, etc.; thism anmtansa
constant 10 m V drop across each sw itch and the converter’s ac—
curacy ism aintained. Tt also results n a constant resistance ap-
pearing at the D AC ’s reference hput term hal; this allow s the

D AC to be driven by a volage or current source, ac ordc of
positive or negative polarity.

Shown in Figure 3 isan equivalent output circui forD AC A.
T he circuit is shown w ih alldigial nputs high. T he leakage
current source is the com biation of surface and jinction leak-
ages to the substrate. T he 1256 current source represents the
constant 1-bi current drah through the ladder tem hating re—
sistor. T he siuation is reversed w ih alldigial hputs ow, as
shown In F gure 4. T he output capacitance is code dependent,
and therefore, ism odulated between the ow and high valies.

R R R R
Vaer
2R 2R 2R 2R 2R 2R R
RF8
| [ I | |
| | | | |
ARSI AP LS I1E s S
? & O
ouT 2
| | R I
[ I I | ]
DB8 DB7 DB6 DR1 DBO
(MSB) (LSB}

Figure 1. Simplified D/A Circuit of DAC8408

TO LADDER
3

From ©
INTERFACE

LogIC °_'| q‘ I_

loutr2  louT1

Figure 2. N-Channel Current Steering Switch

REEEDBACK
~10k{2
IRer
™ ~10k2
O—AA Olout 1A
v 1
REF ‘ S0pF

0 louT 24

<+

| 30uF
LEAKAGE

1/256 1 é ILEAKAGE l

Figure 3. Equivalent DAC Circuit (All Digital Inputs HIGH)
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30pF

T ILEAKAGE 1;
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— =~10k$2

A o . .
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Rer ‘ %1/25& 4 é I\ EAKAGE isom:

Figure 4. Equivalent DAC Circuit (All Digital Inputs LOW)
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DIGITAL SECTION

Fiure 5 chow s the digial inputbutput structure for one bit.
ThediialW R, WR, and RD controls shown i the fgure are
htemally generated from the externalA /E, R W, D_Sl, and DS2
signals. T he com binhation of these signalsdecidewhich DAC is
selected. The digital mputs are CM 0 S hverters, designed such
thatTTL nputlevels 2.4 V and 0.8 V) are converted into

CM 0 S bgic kvels.W hen the dgtal hput is in the region of1.2 V
to 1.8 V, the input stages operate in their linear region and draw
current from the +5V supply (see T ypicalSupply C urrent vs.
Logic Levelcurve on page 6). It is recom m ended that the digial
hputvolagesbe ascbse to Vi, and DGND as is practical in
ordertom Inin ize supply currents. T his allow sm axin um sav—
hgs In pow er dissipation inherentwih CM O S devices. T he
three-state readback digial output drivers (in the active m ode)
provide T T L -com patbl digitaloutputs w ith a fan-outofone
TTL load.T he three state digital readback leakage-current is

typically 5 nA .

N

3-STATE
BUFFER

INPUT/OUTPUT
WR

Figure 5. Digital Input/Output Structure

—» TOloyt2
SWITCH

» T0louT1
SWITCH

[ —)
INPUT BUFFERS

WR
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INTERFACE LOGIC SECTION

D AC Operating Modes

+AIIDACsIhnHOLD MODE.

.DAC A,B,C,orD ihdividually selected @ RITE M OD E).
.DAC A,B,C,orD ihdividually selected READ M ODE).
+DACsA and C sin ultaneously selected W RITE M ODE).
+DACsB and D sinulaneously selected W RITEM ODE).

DAC Selection: ¢ ontrolinputs, DS1, DS2, and A B sekct
which D AC can acceptdata from the hputport (see M ode Se-
lection T abk).

M ode Selection: C ontrolinputs DS and R AW control the oper-
atihgm ode ofthe selected DAC .

Write Mode: W hen the control inputs DS and R AW are both
ow, the selected D AC is in the write m ode. T he input data
latches of the selected D AC are transparent, and is analg out-
put responds to activity on the data hputsD BO-D B7.

Hold Mode: T he selected D AC latch retains the data thatwas
presenton the bus Ine jistpriorto DS orR AV goihg to ahigh
state. A llanalog outputs rem ai at the valies corresponding to
the data in their respective latches.

Read Mode: W hen DS is ow and R AW ishigh, the selected
D AC is In the read m ode, and the data held in the appropriate
latch is putback onto the data bus.

MODE SELECTION TABLE

Control ngic .

DS1 DS2 A/'B R/W M ode DAC

L H H L WRITE A

L H L L WRITE B

H L H L WRITE C

H L L L WRITE D

L H H H READ A

L H L H READ B

H L H H READ C

H L L H READ D

L L H L WRITE A&C

L L L L WRITE B&D

H H X X HOLD ABLD
L L H H HOLD ABLD
L L L H HOLD ABLD

L = Low State, H = H igh State, X = Inelevant
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BASIC APPLICATIONS

Som e basic circu it configurations are shown i F igures 6 and 7.
Figure 6 show sthe D AC 8408 connected in a unipolar configu-
ration -9 uadrantM ultiplication), and T abk I show s the C ode
Tabk.ResistorsR1,R2,R3,and R4 are usad to trin fullscalk
output. Fullscak outputvolage = Vygr -1 LSB = Vggr -2
orVggr X (255256) wih alldigital hputshigh. Low tem pera—
ture coefficient (approxin ately 50 ppm fC ) resistors or trin —

m ers should be selected ifused.Fullscak can also be ad jisted
usihg Vygr voltage. T hisw illelin inate resistorsR1,R2, R3, and
R4.Inh m any applications, R 1 through R4 are not required, and
the m axin um gain errorw illthen be thatofthe DAC .

Each D AC exhibits a variabk output resistance that is code-
dependent. T his produces a code-dependent, differentialnon-
Inearity term  at the am plifier’s output which can have am axi-
mum valie of0.67 X the am plifier's offset voltage. T his differ—
entialnonlhnearity term adds to the R 2R resistor ladder differ-
entialnonlinearity; the outputm ay no longerbe m onotonic. To
m aintai m onotonicity and m inin ize gain and linearity errors, i
is recom m ended that the op am p offset votage be adjisted t©
kssthan 10% of 1 LSB (1 LSB = 27X Vygr or 1256 X Vggr),
or kssthan 3.9 m V over the operating tem perature range. Z ero—
scale output voltage w ih alldigial nputs ow ) m ay be adjisted
usihg the op am p offset ad astm ent. C apacitorsC1,C 2,C 3,
and C 4 provide phase com pensation and help prevent overshoot
and ringing when usihg high speed op am ps.

Figure 7 show s the recom m ended circu i configuration orthe
bipolkroperation (4-quadrantm ultplication), and T abk IT show s
the Code Table.T rimm er resistorsR17,R18,R19, and R20

are used only ifgain error ad j1stm ents are required and range
between 50 Q and 1000 Q.ResistorsR21,R22,R23, and R24

w il range betwen 50 Q and 500 Q. If these resistors are used, i
is essential that resistorpairsR9-R13,R10-R14,R11-R15,
R12-R16 arem atched both 1 valie and tem pco. T hey should
bewihi 0.01% ; wire wound orm etal foil types are preferred
forbest tem perature coefficientm atching. T he circuits of F igure
6 and 7 can eitherbe used as a fixed reference D A converter, or
asan attenuatorw ith an ac nput volage.

Table |. Unipolar Binary Code Table (Refer to Figure 6)

D AC Data Input
MSB LSB Analog Output

255
11111111 Vaer | 25g

129
10000001 VREF%

128 —Vin
10000000 Veer {25 ) =

127
01111111 VREF(ﬁ)

1
00000001 VREF(ﬁ)

0
00000000 VREF(ﬁj=O

4

— Voo
2

A — VRerA

c1 \73 ResA
4

lout 14

— |

VouTtA H

louT 2a/louT 28
lout 1B
RrgB

VrerB
VourB o—¢

VREF [
26
DAC-8408 RraC

25 1
lout1c - -
24 . b—o VourC
lout 2¢/louT 20 +
lout 10
fead |2 J;

VRer

Ds2
o571 P2 [ oiaimaL

__| 18 ¢ CONTROL
AW |— [ SIGNALS

A/B HZ
16
5

*ALL AMPLIFIERS ARE OP-27s, 1/4 OP-420s, OR 1/4 OP-421s.

Figure 6. Quad DAC Unipolar Operation (2-Quadrant Multiplication)

10—

REV. A



VRerC

Skl

VRerB

Voo
VRerA
RegA

louT 1A

lout 1B
RegB
VreeB

DAC-8408

VRerC

louTt1c

louT 10

VaerD

RegC

RegD

9 | biciTas
18 { CONTROL
— [ siGNaLs

17
16
15 O VoutD

VrerD

*ALL AMPLIFIERS ARE OP-27s, 1/4 OP-420s, OR 1/4 OP-421s.

Figure 7. Quad DAC Bipolar Operation (4-Quadrant Multiplication)

Table 1. Bipolar (Offset Binary) Code Table
(Refer to Figure 7)

D AC Data Input
MSB LSB

11111111

Analog Output
(DAC AORDACB)
127
+Vrer E
1
+VREF ﬁ
0
1
~Vgzer ﬁ
127
~VREF E
128
~Vgzer ﬁ

NOTE

1LSB = 7)) Vege) =

REV. A

128

(VREF)

APPLICATION HINTS

General Ground Management: AC ortransient voltages be-
tween AGND and D GND can appearas noise atthe D AC 8408’s
analg output. N ote that n F igures 5 and 6, Lyroa Loyros and
Tour 2c Moyt 2p are connected to AGN D . T herefore, it is rec—
ommended that AGND and D GN D be tied together at the

D AC 8408 socket. In system swhere AGND and DGND are tied
together on the backplane, two diodes (1N 914 orequivalent)
should be connected In verse parallelbetween AGN D and
DGND.

Write Enable Timing: D uring the period when both DS and

R AW are held ow ,theD AC latches are transparent and the ana-
g output responds directly to the digitaldata lnput. T o pre—
vent unw anted variations of the analbg output, the R M should
not go low untilthe data bus is fully settled O ATA VALD ).

—11-=
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SINGLE SUPPLY, VOLTAGE OUTPUT OPERATION
TheD AC 8408 can be connected w ith a shgk +5 V supply to
produce D AC outputvolagesfrom 0V to+1 5V .In Figure 8,
the D AC 8408 R2R ladder is nverted from isnom alconnec—
tion.A +1 500V reference is connected to the current output pin
4 (hyr 1a), and the nom alVigr putph becom estheD AC
output. Instead ofa nom alcurrent output, the R2R ladderout-
puts a volage. T he 0 P-490, consisting of four precision ow

pow er op am ps that can operate its nputs and outputs to zero
vols, buffersthe D AC to produce a ow in pedance output vol—
agefrom 0V to+15V fullkscale. T abk III show s the code table.

W ih the supply and reference voltages as show n, better than 12
LSB differential and integral nonlineariy can be expected.T o

m aintah this perform ance kevel, the +5 V supply m ust not drop
belw 4.75V .S ilbrly, the reference volage m ustbe no higher
than 1 5V .This isbecause theCM O S sw Iches requiream hi-
mum kevelofbias h orderto m aintain the linearity perform ance.

+5V DBO(LSB) DB1 0B2.,....

o) Q Q ?

Table I11. Single Supply Binary Code Table (Refer to Figure 8)

D AC Data Input

MSB LSB Analog Output
255
11111111 A (256) +1.4941V

,+0.7559 Vv

2 1 [ 10 b
6

+2.5V

LATCH + THREE-STATE BUFFER

s

xa | 174

IS

lout 14

OP-490
/1 500V

I
I
1
|
!
|
|

3k}

DGND

«+..0B6 DB7(MSB)
[} Q
15 16
7 o B
::y‘) R/W
20‘0 Ds1
O DSz
T |
| I R
RpgA 3
| : AAA—E. O N.C.
l 1 loutza | 5 +5V
DY v
1 |
2R 2R
—0 Vour
R R VeerA | 2 12 > 0V TO +1.5v
100k0
1/4 DAC-8408

Figure 8. Unipolar Supply, Voltage Output DAC Operation

12—

REV. A



DAC8408

A
1%
DACC 102(;0 DAC B \ 1000pF DACD 1000pF
s 3
INPUT O] Vier A VRer ! ‘ s Vrer 9
1% /
1/4 DAC-8408 1/4 DAC-8408 1/4 DAC-8408
RS
100k Low
(A PASS
1% 7
+5V
0.14F
2 ! HIGH
4 Reg Voo PASS
Io >
DAC A Voer |12 o
REF
5 1/4 DAC-8408 BAND
% o PASS
1 D7 D0 R/W A/B DSi 052
24|16 |15 |14 [13 J12 [ [0 ]s [ |7 [20 [19
4

(MSB) (LSB)

DIGITAL INPUT CONTROLS

Figure 9. A Digitally Programmable Universal Active Filter

ADIGITALLY PROGRAMMABLE ACTIVE FILTER

A powerfulD A converter application is a program m able active
fiter design as shown in Figure 9. T he design isbased on the
state-variable filter topology which offers stablk and repeatable
fitter characteristics. DAC B and DAC D can be programm ed in
tandem w ih a sihhgk digitalbyte load which sets the center fre—
quency ofthe filter.D AC A setsthe Q ofthe filter.DAC C sets
the gain ofthe filter transfer fiinction. T he unigue feature of this
design is that varying the gain of filter does not affect the 9 of
the fitter. Sin ilarly, the reverse is also true. T hism akes the pro-
gram m ability of the filter extrem ely reliabl and predictable.

N ote that low -pass, high-pass, and bandpass outputs are avail-
ablk. T his sophisticated function is achieved h only two IC
packages.

T he netw ork analyzer photo shown in Figure 10 superin poses
five actnalbandpass responses ranging from the ow est fre-
quency of 75 Hz (1 LSB ON ) to a fullscak frequency 0£19.132
kH z (@llbits ON ), which isequivalentto a 256 to 1 dynam ic
range. T he frequency isdeterm ned by § = 1/2ARC whereR is
the ladder resistance Ry ) ofthe D AC 8408, and C is 1000 pF .
N ote that from device to device, the resistance Ry varies. T hus
som e tunihg m ay be necessary.

REV. A

MARKER 19 131 .8@4vx
20.00008  MAG (A/R) 1116008

(> 2 DECADE ) DYNAMIC RANGE OF
FREQUENCY CONTROL

Figure 10. Programmable Active Filter Band-Pass
Frequency Response

A llcom ponents used are availabl offtheshelf. U sihg bow drift
thin—filn resistors, the D AC 8408 exhibits very stable perfor-

m ance over tem perature. T he w ide bandw idth ofthe 0P 470
produces excellenthigh frequency and high Q response. In addi-
tion, the 0 P470’s Iow hput offset volage assures an unusually
ow dc offset at the filter output.

13—
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O OUTPUT

1N4148 <7 1N4148
.4

— A — 15V

CONTROLS DIGITAL INPUTS
r_ﬁ p— ~
10kQ)
1%
AAA
l 16 [15]14 |13 [12]11 ] 10]9
Blew D7 Do
|, = 1000pF
AR DAC D
20} 557 1/4 DAC-8408
)
DS2 VRer
0.1uF 1 2
1 OAc-2400 g"—4
opF
8 1000p! |
p
1ouF 10k0
__) +
3.3uF  3.3u4F S0
+ +
1t ) * 1%
A
D | 1N41a8 | VW—4
100k 50k 1N4148
‘ le /‘2 1% 88k0
100k 1 N
- AN op-aro 1N4371

s l 1 2N4393

-2.7V

Figure 11. A Digitally Programmable, Low-Distortion Sinewave Oscillator

A LOW-DISTORTION, PROGRAMMABLE

SINEWAVE OSCILLATOR

By varying the previous state-variable filrer topology slightly,
one can obtan a very bow distortion shew ave oscillator w ith
program m able frequency feature as shown in Figure 11.Agai,
DAC Band DAC D i tandem controlthe oscillatihg frequency
based on the relationshio & = 127RC . Positive feedback is
accom plished via the 82 .5 kQ and the 20 kQ potentiom eter.
The Q ofthe oscillator is determ ned by the ratio of10 kQ and

475Q in seriesw ith the FET transistor, w hich acts as an auto—

m atic gain controlvariablk resistor. The AG C action m aintains
a very stable sihew ave an pliude at any frequency.Again, only
two IC s accom plish a very useful function.

Atthe highest frequency setting, the ham onic distortion level
m easures 0.016% .A sthe frequencies drop, distortion also drops
to a bw 0f0.006% .Atthe lowest frequency setting, distortion
cam e back up to aworst case o£f0.035% .
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