ANALOG
DEVICES

Quad 8-Bit Multiplying CMOS
YA 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 isam onolithic quad 8-bim ultblyihg digitalto-
analog CM O S converter.Each D AC has its own reference hput,
feedback resistor, and onboard data latches that feature

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

A common 8bitTTLAM O S com patbl nput port is used to
Joad data into any ofthe fourD AC data-latches. C ontrollines
D_SI,D_SZ, and A/ﬁ determ hewhich D AC w illacceptdata.

D ata bbading is sin ilar to thatofa RAM sw rite cyck.D ata can
be read back onto the sam e data busw ith controlline R AW . T he
D AC 8408 isbus com patible w ith m ost 8-bitm icroprocessors,
hcliding the 6800, 8080, 8085, and Z80.The D AC 8408 oper-
ateson a single +5 volt supply and dissipates lessthan 20m W .
TheD AC 8408 ism anufactured using PM I'shighly stable,
thin-filn resistors on an advanced oxide-isolated, silicon-gate,
CM O S process.PM TI'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
DACS8408GP |*1/4 LSR|£12 LSR|0°C to +70°C 28-Pin Plastic D TP
DAC8408ET +1/4 LSB[£12 LSB|-40°C to +85°C | 28Pin Cerdip
DACS8408AT? |£1/4 LSRR |£12 LSR|-55°C to +125°C |28-Pin Cerdip
DAC8408FT +12 LSB[+1 LsB |-40°C to +85°C | 28-Pin Cerdip

-55°C to +125°C
-40°C to +85°C

DACS8408BT? |+#12 LSR |1 LSB
DACS8408FPC3|+12 LSR [£1 LSR

28-Pin Cerdip
28-C ontact PLCC

D AC8408FS +12 LSB|[x1 LSR —40°C to +85°C 28PinSOL
D AC8408FP +1/2 LSB|+1 LSR —-40°C to +85°C 28®in P lasticD IP
NOTES

'Bum-in is availsble on com m ercial and industrial tem perature range parts

in cerdip, plastic D IP, and T O —can packages. For outline infom ation see P ack—
age Infomm 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 S0 and PLC C packages, contact
your local sales office.
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DAC8408

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

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

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

DAC8408
Parameter Symbol Conditions Min Typ Max Units
STATIC ACCURACY
Resolition N 38 Bits
N onlinearity’ 2 WL DAC8408A K 6 14 LSB
DACS8408BF 1 12 LSB
D ifferential DNL D AC8408AE G 1R LSB
N onlinearity D AC 8408B £ H +1 LSB
G alh Ermor G psE (U sing IntermnalRyg) t1 LSB
G aln T en pco® ¢ TCqgrs t2 +40 ppm LC
Power Supply Refpction
Av,, = £10% ) PSR 0.001 | $FSRA
butiarercrp
Leakage C urrent"? Lkc Ta=+25°C 30 nA
T, = FullT em perature Range +100 nA
REFERENCE INPUT
Tnput Volage Range 120 v
Thput Resistance M atch? Ra,z,c,p 1 %
Tnput R esistance Ry 6 10 14 kQ
DIGITAL INPUTS
D igial Input Low Vi 0.8 v
D igial Input H igh Vo 24 \Y
Input C urrent’ T, = +25°C +0.01 *1.0 pa
Iy Ta = FullT em perature Range +10.0 | pA
Input C apacitance’ Coy 38 PF
DATABUSOUTPUTS
D igitalO utput Low Vor l6mA Simk 0.4 v
D igialO utputH igh Vou 400 pA Source 4 v
O utput Leakage C urrent Lxke 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 &2 4 190 250 ns
O utput C apacitance Cour D AC LatchesAI1“0s” 30 PF
D AC LatchesAII“1s"” 50 PF
AC Feedthrough FT @20V, @ F =100 kH z) 54 dB
SWITCHING CHARACTERIST IC 8% '°
W rite to D ata Strobe T in e s OF T, = +25°C 90 ns
% g2 T, = FullT em perature Range 145 ns
D ata Valid to Strobe Set-Up Tine Hsu T, = +25°C 150 ns
Ta = FullT em perature Range 175 ns
D ataVald to Strobe Hold Tin e Hu 10 ns
D AC Sekctto Strobe Set-Up Tine tas 0 ns
D AC Selctto StrobeHold Tine tan 0 ns
W rite Selectto Strobe SetUp Tine % su 0 ns
W rite Selectto Strobe Hold Tin e tn 0 ns
Read to D ata Strobe W dth &os Ta= +25°C 220 ns
Ta = FullT em perature Range 350 ns
D ata Strobe to O utputvVald Tin e to T, = +25°C 320 ns
T, = FullT em perature Range 430 ns
OutputD atatoD eselect Tin e %o T, = +25°C 200 ns
T, = FullT em perature Range 270 ns
Read Selectto Strobe SetUp Tine sy 0 ns
Read Selectto Strobe Hold Tin e tru 0 ns
Specifications subfct to change w ithout notice.
—2— REV. A
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DAC8408

ELECTRICAL CHARACTERISTICS @ Vi = +5V Ve = =10V VoA B, C, D= 0 V; Ty = ~55°C to +125°C apply for

DAC8408AT/BT, Ty = —40°C to + 85°C apply for DACB408ET/FT/FP/FPC/FS; T, = 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 4.5 55 v
Supply C urrent® Lo 50 HA
Supply C urrent’ o T, = +25°C 1.0 mA
T, = FullT em perature Range 15 mA

NOTES

1T his is an end-point linearity specification .

%G uaranteed to be m onotonic over the fiill operating tem perature range.

*ppm PC of FSR FSR = FullScak Range = Vgge-1 LSB.)

4InputResjsta_nce T em perature C oefficient = + 300ppm /C .

*Logic InputsareM 0 § gates. T ypical input current at +25°C Is Jess than 10 nA .
°G uaranteed by design .

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

SA 1D igital Tnputs “0” orVyp .

*ALLD igital Inputs V5 orVo,.

966 T im ing D iagram .

1D igital Tnputs = 0 V to Vyp orVp, to 0 V.

lexttapolaued:ts (12 LSB) = tpp + 62T wheret = them easured first tin e con—
stant ofthe finalRC decay.

BAND igialInputs= 0 V;Vgge = +10 V.

Specifications subct to change w ithout notice.

PIN CONNECTIONS

veo [0 ]| @ ~ 28] DGND
e 2] Vnere 28-PIN
FB! 26| Rrg
tour 1 [2] 2] tour 1 HERMETIC DIP
lout 2a/lour 28 [5 | 24] lour 2¢/tout 20 (T-SU1"x)
ore[5] DAC8408 [=]lourio
RreB [7 | TOP VIEW [22] ReeD 28-PIN
vaerB[2]  (Notto Scale)  [Z] VrerD EPOXY DIP
(Lse) bBo [ | 20] DS2 (P-Sulﬁx)
oB1[10 19] DS1
pB2[ 1 18| R/W
o3[z 7] A8 28-PIN SOL
pBa[13 [1¢] DB7 (MSB) (S-SU"IX)
DBS | 14 15 | DB6
ABSOLUTE MAXIMUM RATINGS
(Ta = +25°C , unless otherw ise noted )
VDDtOL)UT 2AIL)UT ZBI];)UT 2CIL)UT 2D e e e e e e e e e OVI+7V
Vpp TODGND Lttt ittt it ittt tanans ov,+7vVv

L)UT 1A7 ];)UT 1Br

buricrourp WDGND
Ryp2A, RppB, RepC, RppD 10 Lyy

Luroarlour 2ss
Luracrbyrep DGND
D BO throughDB7 toD GND
ControlLogic
InputVoltagetoDGND .......... 03V +Vyy, +03V
Veerh  VeerB, VrerC, VrprD O

......... 03V toVp, +03V
................. +25vV

......... 03V toVyp + 03V
........ 03V toVpp + 03V

IDUT 2AII)UT 2BILDUT2CII)UT 2D se e s e et eee i25v
O perating T em perature Range
CommercialGrade GP) vvviiin . 0°C to +70°C

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

M iltaryGrade AT ,BT) ..., -55°C to +125°C
JUNCHION TEM PEIALIIE « vt v v e e e e eeeeeaeennnnn +150°C
Storage TEM PEIAtIre . oot v i v e e e eeennnnn -65°C to +150°C
Lead T em perature (Sodering, 10 sec) .. vccvvveen... +300°C
REV. A
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o
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lout 2a/lout 28 [ 5]

tout 18 6] [24] Yout 2¢/lour 20
RpgB [23] tour 10 28-PIN
VaerB [ 8] [22] Reg© PLASTIC LEADED
(LsB) DB [5] VRerD CHIP CARRIER
p81 [i0] [20] D32 _ -
o, ] ost (PC-Suffix)
[2] [1s] [3a] [15] [re]
23883 CE
ocooag <a
8
Package Type 0" 0, Units
28PnHemeticDIP (T) 55 10 °C M
28Pn PlasticD IP ) 53 27 °cm
28Pmn SOL (S) 68 23 °c W
28-ContactPLCC (PC) 66 29 °c W

*0gp is specified for worst case mounting conditions, ie., 0x is specified fHor
device In socket for cerdip and P-D IP packages; 05 is specified for device
soldered to printed circuitboard for SOL and PLC C packages.

CAUTION
1. D o notapply volages higherthan Vpp +0.3 V or kss than
-0 .3 V potentialon any tem nalexcept Vypr and Ryg .

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

3. U se proper antistatic handling procedures.

4. Absolute M axin um Ratihgs apply to both packaged devices
and D ICE . Stresses above those listed underAbsolute M axi-
mum Ratingsm ay cause pem anent dam age to the device.
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DAC8408

+5V
Voo +10v
o VRer

R1

Voo DGND
2 VRerA VrerC
RepA RgsC c2 ca

Q.014F 4.7uF
louT 1A lout1c “ s
24
louT 2a/louT 2B lout 2c/louT 20

1k

c 1
4.7uF 0.01,F

T
1
3

lout 8 lout 10
p. 22
R2 v RppB ResD \V/
5k() . 21
VrerB VRerP
|20
(LSB) DBO bs2
D81 os1 |2
— |18 4
" pe2 RIW i
=117
2183 A/B
Blpsa DB7 (MsB) |2
Y loes os6 |2
2R3
100k

Burn-in Circuit

CAUTION
ESD (electrostatic discharge) sensitive device. E lectrostatic charges as high as 4000 V readily
accum ulate on the hum an body and test equipm ent and can discharge without detection.
A Xhough the D AC 8408 featuresproprietary ESD protection circuitry, pem anentdam agem ay
occur on devices subjpcted to high energy electrostatic discharges. T herefore, proper E SD
precautions are recom m ended to avoid perfom ance degradation or loss of functionality.

WARNING!
Wﬁv@

ESD SENSITIVE DEVICE

DICE CHARACTERISTICS

: ==
L ==
- I T L=

RE=48 BSTI= ES=Sm mED

—
KC T

DIE SIZE 0.130 x 0.124 inch, 16,120 sq. mils
(3.30x3.15mm, 10.4 sq. mm)

1.Vpp 15.DB6
2.ViagrA 16.DB7 (M SB)
3.RpsA 17.AB
4.ur1a lg-w
5.%ur 2a/lour 28 19-D_Sl

6. Lot 1s 20.DS2
7.RpsB 21.VggeD
8.VaprB 22 .RypgD
9.DBO (LSB) 23.Tu1 1
10.0B1 24. Lyt ac/Dour
11.D B2 25.Tu1 1c
12.D B3 26.RpsC

13.D B4 27 .V gsC

14.D B5 28.DGND
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DAC8408

WAFER TESTLIMITS at Voo = +5 V; Vier = 10 V; VourA B, C, 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

Resolition N 8 Bism in

N onlhearity” WL 12 LSB m ax

D ifferential N onlnearity DNL t1 LSB m ax

G ainh Error Grse U sing IntemalRypp t1 LSB m ax

Power Supply Rejgction PSR U sing IntemalRypp 0.001 % FSRA max

AVyp, = +10% )2
Lurt 1a,s,c,p Leakage Curent [ Fxg AND wialThputs= 0V 130 nA max
Vipgr = +10V

REFERENCE INPUT

Reference Input Ry 6/14 kQ m infm ax

R esistance’

Tnput Resistance M atch Ry +1 % max
DIGITAL INPUTS

D gital Tnput Low Vo 0.8 V m ax

D »ialInputH igh Vm 2.4 Vmin

Input C urrent’ Iy 1.0 MA m ax
DATABUSOUTPUTS

D igialO utput Low Vor l16mA Sk 0.4 V max

D gitalO utputH igh Vou 400 YA Source 4 V min

O utput Leakage C urrent Lxc 1.0 UA m ax
POW ER SUPPLY

SupprCun:entr’ Lo 50 HA m ax

Supply C urrent® o 1.0 mA max
NOTES

1T his is an endpoint linearity specification .

’FSR isFullScak Range= Vgzr -1 LSB.

*Input Resistance T em perature C oefficient approxin ately equals + 300 ppm /~C .
‘Logic inputsareM 0 § gates.T ypical input current at +25°C is lessthan 10 nA .

SA 1D igital Inputs are either “0” orVyyp .
PA 1D igital Inputs are either Vg orVy, .

E lectrical tests are perfom ed at w afer probe to the lin its shown.D ue to variations in assem bly m ethods and nom alyield loss, yield after packaging is not quaranteed

for standard product dice. C onsul factory to negotiate specifications based on dice ot qualification through sam ple ot assem bly and testing.

REV. A
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DAC8408

TYPICAL PERFORMANCE CHARACTERISTICS

45 T T T

Ta=+25°C
4.0 [~ ALL DIGITAL INPUTS TIED TOGETHER

35

3.0 A

o
20 I
|

lop (mA)

\
\
\
\

0.5 \

) 1 2 3 a 5
Vin (VOLTS)

Supply Current vs. Logic Level

ANALOG OUTPUT (dB)

-100

HIURAL
Ta = +25°C

T T T T
NOTE:

Vin AT VRerA
Vout AT DAC B

ViN=4Vp.p

VRerB GROUNDED {{

1k

10k

100k
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Analog Crosstalk vs. Frequency
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DAC8408

rilpsu—-u

DATA BUS —* DATA VALID
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READ CYCLE
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J

+—tosi/to | | tros
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TIMING MEASUREMENT REFERENCE LEVEL IS

ViH+ Vine
R

Timing Diagram

PARAMETER DEFINITIONS

RESOLUTION
Resolition is the num ber of states (2") that the fiilllkscak range
FSR) ofaD AC isdiwided (orresoled) into.

NONLINEARITY

N onlhearity Relative A ccuracy) is am easure ofthe m axin um
deviation from a straight line passing through the end-points of
the D AC transfer finction. It ism easured after ad jasting for
deal zero and fiilkscalk and is expressed in LSB, % , orppm of
fill-scale range.

DIFFERENTIAL NONLINEARITY

D ifferential N onlinearity is the w orst case deviation of any ad -~
cent analg outputs from the ideall LSB step size.A specified
differential nonlnearity of+1 L SB m axin um over the operating
tem perature range ensuresm onotonicity.

GAIN ERROR

G aih Eror (fullkscale error) is am easure of the output error be-
tween the dealand actualD AC output. T he ideal fiill-scale
output isVygr -1 LSB.

OUTPUT CAPACITANCE

O utput C apacitance is that capacitance between Lyt 1ar byt 18/
buric,0rbyr ip andAGND .

REV. A

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

SETTLING TIME
Settling T 1n e is the tin e required for the output function ofthe
DAC to settle towihi 12 LSB fora given digital input signal.

PROPAGATION DELAY

T his isam easure ofthe htemaldehysoftheD AC . It is defined
asthe tin e from a digital input change to the analog output cur-
rent reaching 90% of is finalvalie.

CHANNEL-TO-CHANNEL ISOLATION

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

DIGITAL CROSSTALK

D gialC rosstalk is the glitch energy transferred to the outputof
one D AC due to a change I digital mput code from other

D AC s. It is specified In nV s.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



DAC8408

CIRCUIT INFORMATION

TheD AC 8408 com bines four dentical 8-bitCM OS D AC s
onto a sihgl m onolithic chip.Each D AC has its own reference
hput, feedback resistor, and on-board data latches. Tt also fea—
tures a read & rite flinction that serves as an accessibl m em ory
Jocation fordigitalkinput 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 stable, silicon-chrom iim , thin—filn ,
R 2R resistor ladder netw ork and eight pairs of current steering
sw itches. T hese sw ches are In series w ith each ladder resistor
and are single-polk, doubk-throw NM O S transistors; the gates
of these transistors are controlled by CM O S mverters. F igure 1
show s a sim plified circuit of the R2R resistor ladder section,
and F gure 2 show s an approxin ate equivalent sw ich circuit.

T he current through each resistor kg is sw itched between Iy 1
and Ly . Thism anhtains a constant current in each kg, re-
gardkess of the digital nput bogic states.

E ach transistor sw itch has a finite "O N ” resistance that can in—
troduce errors to the D AC ’s specified perform ance. T hese resis—
tancesm ustbe accounted forby m aking the voltage drop across
each transistor equalto each other. T his is done by bnarily—
scaling the transistor’'s YO N ” resistance from the m ost signifi-
cantbit (M SB) to the least significantbit (LSB).W ih 10 vols
applied at the reference hnput, the current through the M SB
swich is0.5mA, thenextbiis025mA, ete.; thism amtansa
constant 10 m V drop across each sw ich and the converter’s ac—
curacy ism antained. It also resuls n a constant resistance ap—
pearing at the D AC ’s reference put tem hal; this allow s the

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

Shown iIn Figure 3 is an equivalent output circuit forD AC A.
T he circut is shown w ih alldigital mputs high. T he kakage
current source is the com bnation of surface and jinction leak—
ages to the substrate. T he 1/256 current source represents the
constant 1-bi current drain through the ladder term hatihg re—
sistor. T he simation is reversed w ih alldigial hputs low, as
shown In Figure 4. T he output capacitance is code dependent,
and therefore, ism odulated betw een the ow and high values.

R R R R
VRer
2R 2R 2R 2R 2R 2R R
RFs
[ I | I !
| | | | |
AR AR S
? & O |
T ¢ QuUT 2
| I | | [
| | | | |
DB8 DB7 DB6 DR1 DBO
(M5B) (LsB)

Figure 1. Simplified D/A Circuit of DAC8408

TO LADDER
3

FROM ©
INTERFACE

Loaic °_'I q‘ I_

lout2  louT1

Figure 2. N-Channel Current Steering Switch

<G—

| 3ODF
LEAKAGE

t

REEEDBACK

. ~10K§2

REF

" ~10kQ

O—AAA ©OlouT 1A
v 1

REF

‘ 1/256 4 % ILEAKAGE l 50pF
: 0 louT 2

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

~10k$2

-0 louT 1A

30pF

? ILEAKAGE 1"
'REF

— ~10kS2
EF

, . . *
v
§ ‘ éwzse $ é I EAKAGE isopp

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

—0 louT 24

DIGITAL SECTION

Figure 5 chow s the digital Inputboutput structure orone bit.
ThedygialW R, W, and RD controls shown i the figure are
ntemally generated from the extemalA /1_3, R W, D_Sl, and DS2
signals. T he com bination ofthese signals decidewhich DAC is
selected. The digital inputsare CM O S hverters, designed such
that TTL hputlkevels 2.4 V and 0.8 V) are converted nto

CM OS bgi Evels.W hen the digtal hput is n the region of 1.2 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 digital
hputvolagesbe asclose to Vyy, and DGND as is practical in
ordertom Inin ize supply currents. T his allbw sm axin um sav—
ngs In pow er dissipation nherentwih CM O S devices. T he
three-state readback digital output drivers (in the active m ode)
provide T T L -com patble digial outputs w th a fan-out ofone
TTL load. T he three state digital readback lakage-current is

typically 5 nA .

~N

3-STATE
BUFFER

DIGITAL
INPUT/QUTPUT
WR

—» T0loyt2
SWITCH

» T0louT1
SWITCH

[ —
INPUT BUFFERS

WR

Figure 5. Digital Input/Output Structure

REV. A

INTERFACE LOGIC SECTION

DAC Operating Modes

+AIIDACsInHOLD MODE.

.DAC A,B,C,orD hdi¥idually selected W RITE M OD E).
.DAC A,B,C,orD hdividually selected READ M ODE).
+DACSsA and C sin ultaneously selected W RITE M ODE).
+DACsB and D sin ulaneously selected W RITEM ODE).

D AC Selection: ¢ ontrol nputs, DSI, DS2, and A B sekct
which D AC can accept data from the putport (see M ode Se-
lection T abk).

M ode Selection: ¢ ontrolinputs DS and R AW controlthe oper-
atihgm ode ofthe selected D AC .

Write Mode: W hen the control inputs DS and R AW are both
Iow , the selected D AC is Ih the write m ode. T he input data
latches of the selected D AC are transparent, and is analbg out-
put responds to activity on the data mputsD BO-DB7.

Hold Mode: T he selected D AC latch retains the data that was
presenton the bus line j;lsth:iortoD_S orR AV gong to a high
state. A llanalbg outputs rem aih at the values corresponding to
the data In their respective latches.

Read Mode: W hen DS is ow and R AW ishigh, the selected

D AC is i the read m ode, and the data held 1n the appropriate
latch is putback onto the data bus.

MODE SELECTION TABLE

Control Logic
DS2 A/B

=
=

M ode

o
7]
—t
>
O

WRITE
WRITE
WRITE
WRITE

READ
READ
READ
READ

gowr|taow» | o

WRITE
WRITE

g
2]
@]

B&D

ABL D
ABL D
ABL D

HOLD
HOLD
HOLD

[ e I e e O = s e e e i o
e N e e O N = o I s i o4
[l i O B = S N =+ e = I o ) i o4
fasiita sl (O N e e B (i s i s o e

[

L = Low State, H = H igh State, X = Irelevant
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DAC8408

BASIC APPLICATIONS

Som e basic circu i configurations are shown In F igures 6 and 7.
Figure 6 show sthe D AC 8408 connected in a unipolar configu—
ration -0 uadrantM uliplication), and T abk I show s the C ode
Tabk.ResistorsR1,R2,R3,and R4 are used to trin fiill scake
output. Full-scal output voltage = Vygr —1 LSB = Vggr 1-27%
orVggr X (255/256) with alldigital nputshigh. Low tem pera-
ture coefficient (approxin ately 50 ppm fC ) resistors or trin —

m ers should be selected ifused.Fullscak can also be ad jasted
using Vygr voltage.T his w illelin inate resistorsR1,R2, R 3, and
R4.In m any applications, R1 through R4 are not required, and
the m axin um gain errorw illthen be thatofthe DAC .

Each D AC exhibits a variable output resistance that is code—
dependent. T his produces a code-dependent, differentialnon-
Inhearity term  at the am plifier's output which can have am axi-
mum valie of 0.67 X the am plifier's offset voltage. T his differ-
entialnonlhneariy term adds to the R 2R resistor ladder differ
entialnonlnearity; the outputm ay no longerbe m onotonic. T o
m aintain m onotonicity and m nin ize gaih and linearity errors, it
is recom m ended that the op an p offset volage be ad jasted to
lessthan 10% of 1 LSB (1 LSB = 278X Vypr 0r1/256 X Vrgr),
or kessthan 3.9 m V over the operating tem peratiire range. Z ero—
scale output voltage (W ith alldigital nputs low ) m ay be ad jisted
using the op am p offset adjistm ent. C apacitorsC1,C2,C 3,
and C 4 provide phase com pensation and help prevent overshoot
and ringing when using high speed op am ps.

Figure 7 show s the recom m ended circu it configuration forthe
bipokhroperation (4-quadrantm uliplication), and T able II show s
theCode Table.T rimm erresistorsR17,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 illrange betwen 50 Q and 500 Q. If these resistors are used, it
is essential that resistorpairsR 9-R13,R10-R14,R11-R15,
R12-R16 are m atched both 1 value and tem pco. T hey should
bewihin 0.01% ; wire wound orm etal foil types are preferred
forbest tem perature coefficient m atching. T he circuis of F gure
6 and 7 can eitherbe used as a fixed reference D A converter, or
as an attenuator w ith an ac input volage.

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

D AC Data Input
MSB LSB Analog Output

255
11111111 Veer | 55g

129
10000001 _VREFﬁ

128 —Vin
10000000 —VREFg=2

127
01111111 Vrer | 356

1
00000001 —VREF(ﬁj

0
00000000 —VREF(ﬁj=O

NOTE

1LSB = (2°) Weee) = T2

—] v
A1 ) oo
i A — VrerA
c1 \73 RrsA
1 a
- g lout 1a
VouTA o—4 M s ;
n louT 2a/louT 28
€
47 lout 18
7 RegB
8
— VrerB
VourB o—4¢ 9
10

DAC-8408

2 1
louT1c > -
24 . b—o VourC
louT 2¢/louT 20 +
23
lout 10

VREF [—
ResC |28 |

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

Figure 6. Quad DAC Unipolar Operation (2-Quadrant Multiplication)
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RrgD J
VRer » -
— . »—a VourD
DS2 +
551 2 | oiaimaL ca
__| 18 ¢ CONTROL
R/W — [ SIGNALS
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VReFA VRrerC

Voo
VRerA VeerC
RegA RegC

2
louT 1A lout1c

lout 1B louT 10
RegB Reg0
VrerB VaerD
DAC-8408 19 DIGITAL
18 ; CONTROL
— | SIGNALS
17
5
15 O VvourD
Sk(}
o
VRerB VgrerD

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

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

Table Il. Bipolar (Offset Binary) Code Table APPLICATION HINTS
(Refer to Figure 7)

General Ground Management: AC or transient volages be—

D AC Data Input Analog Output tween AGND and DGND can appearasnoise attheD AC 8408’s
MSB LSB (DAC A ORDAC B) analbg output. N ote that in F igures 5 and 6, T y12a /oy 125 and
Tyt 2c/Touyt 2p are connected to AGN D . T herefore, it is rec—
11111111 FVapr 127 omm ended that AGND and D GND be tied together at the
128 D AC 8408 socket. In system swhere AGND andDGND are tied
1000000 1 +Vage 1 together on the backplane, two diodes (1N 914 orequivaknt)
128 should be connected 1 hverse parallelbetween AGN D and
10000000 0 DGND .
1 Write Enable Timing: D uring the period when both DS and
01111111 Vrer 128 R AV are held bow, the D AC latches are transparent and the ana-
127 g output responds directly to the digitaldata mput. T o pre—
00000001 ~Vrer 128 vent unw anted varations of the analg output, the R W should
128 notgo low untilthe data bus is fully settled © ATA VALD ).
0000O0O0O0OD Vzer | Tha
128
NOTE
1
1LSB = Q7) Wagr) = T2g Veee)
REV. A —11=
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DAC8408

SINGLE SUPPLY, VOLTAGE OUTPUT OPERATION Table I11. Single Supply Binary Code Table (Refer to Figure 8)
TheD AC 8408 can be connected w ith a shgk +5V supply to
produce D AC outputvolages from 0V to +15V.InFigure 8, DAC Data Input
the D AC 8408 R—2R Jladder is inverted from isnom alconnec— MSB LSB Analog Output
tion.A +1 500V reference is connected to the current output pin
4 (Ioyr 1a), and the nom alVyyr Mputpi becom estheD AC 11111111 Vise (255) +1.4941 v
output. nstead ofa nom alcurrent output, the R2R ladderout- 256
puts a volage. T he 0 P490, consisting of four precision low 129
pow erop am ps that can operate its hputs and outputs to zero 10000001 Vier (ﬁ) ,+0.7559 v
volts, buffersthe D AC to produce a ow In pedance output vol—
age from 0V to +1 .5V fulkscak. T able III show s the code tablke. (128)
) 10000000 Veer | 5ex |+ T0.7500V
W ih the supply and reference voltages as shown, better than 1,2 256
LSB differential and itegralnonlhearity can be expected. T o 127
m alhtah this perform ance kevel, the +5 V supply m ust not drop 01111111 VR&EF (Rj,+0.744lv
below 4.75 V .Sin ikbrly, the reference volage m ust be no higher
than 1.5V .This isbecause the CM O S sw itches require am i~ 1
mun levelofbias i orderto m antain the linearity perform ance. 00000001 Vier (ﬁ) » 00059V
0
00000000 VREF(ﬁ),OOOOOV

+5V DBO(LSB) DB1 0B2..... .+ ,DB6 DB7(MSB)

%4 Q Q (r Q o

2 1 3 10 1 15 16

+2.5V 6

- 19 —
LATCH + THREE-STATE BUFFER o

»

lout 1A

P

aa | 174

QP-490
/1 500V

3k}

2R 2R b0 Vour
R R VrerA | 2 12 , OV TO +1.5V
M 100k
DGND 1/4 DAC-8408

Figure 8. Unipolar Supply, Voltage Output DAC Operation
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DAC8408

RS
100k}

—AAA
1%
DAC C 10216(9 DACB \ 1000pF DAC D 1000pF
27 8 3 21 } |
INPUT O— VRer P V¥Vv VRer ‘o Jl|r Vaer
1% /
1/4 DAC-8408 1/4 DAC-8408 15V 1/4 DAC-8408
R8
100k4) Low
PASS
1%
+5V
0.1uF
2 ! HIGH
" Res Vob PASS
lo »
DAC A v 2
REF
5 1/4 DAC-8408 BAND

R/W A/8 DS1 D52
18 (17 [20 |19

D7

24 |16
v

D0
0|9

15 |14 |13 |12 |1

(MSB) (LSB)

DIGITAL INPUT CONTROLS

PASS

Figure 9. A Digitally Programmable Universal Active Filter

A DIGITALLY PROGRAMMABLE ACTIVE FILTER

A powerflD A converter application is a program m able active
filter design as shown in Figure 9. T he design isbased on the
state-variab e filter topology which offers stable and repeatable
fitter characteristics. DAC B and DAC D can be programm ed In
tandem w ih a shgl digialbyte bad 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 extren ely reliable and predictable.

N ote that ow pass, high-pass, and bandpass outputs are avail-
ablk. T his sophisticated flinction is achieved n only two IC
packages.

T he netw ork analyzer photo shown in Figure 10 superin poses
five actualbandpass responses ranging from the low est fre—
quency of 75 Hz (1 LSB ON ) to a ullkscak frequency 0o£19.132
kH z @llbisON ), which isequivalentto a 256 to 1 dynam ic
range. T he frequency is determ hed by £ = 1 2RRC 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 tuning m ay be necessary.

REV. A

MARKER 19 121

REF LEVEL
o setun MAG (A/R) -1

THE CIRCUIT PROVIDES FULL 8-8IT
(> 2 DECADE ) DYNAMIC RANGE OF
FREQUENCY CONTROL

Figure 10. Programmable Active Filter Band-Pass
Frequency Response

A Illcom ponents used are availbbl offtheshelf. U shg bow drift
thin-filn resistors, the D AC 8408 exhibits very stablk perfor-

m ance over tem perature. T he w ide bandw idth ofthe OP-470
produces excellent high frequency and high Q response. In addi-
tion, the 0P 470’s low hput offset voltage assures an unusually
Jow dc offset at the filter output.

13—
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DAC8408

CONTROLS DIGITAL INPUTS
—_——— ~
10k0
1%
AAA
I 16 15|14 13 |12]1 [10]9
Blaw D7 Do
7|, = 1000pF
AR DAC D s
20} 557 1/4 DAC-8408
jr]
Ds2 VRer
0AuF 3 -
_1/4 DAC-8408 ey

»—O OUTPUT

10uF
Y 10k0 1N4148 SZ 1N4us
33uF  3.3uF sokad
+ +
¢ ) * 1%
A,
) D | 1N4148 \ o WA—4
100k} 50k 1N4148
AAA 2 19 6.8k0
- — AAA— -15V
ol 4 @ 100kQ) 1 14
1 71
* MV OP-470 1Na3 oy

s l J 2N4393

A LOW-DISTORTION, PROGRAMMABLE

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

SINEWAVE OSCILLATOR 475Q I seriesw ith the FET transistor, w hich acts as an auto-
By varying the previous state-variable filter topology slightly, m atic gain controlvariabl resistor. The AG C action m aintains
one can obtan a very ow distortion shew ave oscillatorw ih a very stablk sinew ave am plitude at any frequency.Again, only
program m able frequency feature as shown in Figure 11.Agam, two IC s accom plish a very usefiil fiinction.
DAC BandDAC .D n Itandem contiolthe 9§cﬂjatmg ﬁ:equency Atthe highest frequency setting, the ham onic distortion level
based onl the re]‘atJonsth f = 127RC .Posiive @eqbad{ B m easures 0.016% .Asthe frequencies drop, distortion also drops
accom plished v:althe 82.'5 kQ and the 20 kQ po‘tentJom ster. to alow 0£0.006% .Atthe lowest frequency setting, distortion
The Q ofthe oscillator is determ ined by the ratio of10 kQ and cam e back up to aworst case 0£0.035%
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