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ANALOG LC? MOS
DEVICES 8-Bit 1P Compatible 12-Bit DAC

AD7548

FEATURES FUNCTIONAL BLOCK DIAGRAM
8-Bit Bus Compatible 12-Bit DAC Voo
All Grades 12-Bit Monotonic Over Full —()—
Temperature Ranges AD7548 20) Ry
Operation Specified at +5V, +12V
or +15V Power Supply Vir (—{  RaALADOER > ::;o
Low Gain Drift of 5ppm/C Maximum T—F v
Full 4 Quadrant Multiplication OATA OVERRIDE 5) OFDOR
Skinny DiP and Surfsce Mount Packages i“""‘? T ) cTRL
APPLICATIONS DAC ASGIBTER
8-Bit Microprocessor Based Control Systems 1) ioat
Programmable Amplifiers ' 17) WA
F::tion Generation ) Nty
Servo Control ' AN
OATA STEERING DL
LOGIC
Oo——
087-080 DGND
GENERAL DESCRIPTION PRODUCT HIGHLIGHTS
The AD7548 is 2 12-bit monolithic CMOS D/A converter for 1. Microprocessor Compatibility
use with 8-bit bus microprocessors. Data is loaded in two bytes High speed input control (TTL/SV CMOS compatible)
to input holding rcgisters as shown in the block diagram opposite. allow direct interfacing o most of the popular 8-bit
The AD7548 can be configured to accept either left- or right-jus- MiCTOprocessors.
tified data, lexst significant byte or most significant byte first, 2. Guaranteed Monotonicity

The AD7548 is guaranteed monotonic to 12-bits over the full
temperaturc range for all grades and at all specified supply
voltages.

using standard TTL compatible contro! inputs.
A separate load DAC contral input allows the user the choice of
updating the analog output coincident with loading new data to
- : . . 3. Selectable Data Input Format

the DA%?“‘;“‘ register of at any time aftcr the data loading Left- or right-justified data, least significant or most sigaificant
ﬂ; ot. l:l eature 1s €3 lfl);lxln;)pogam in sulti-DAC systems byte first. This allows the AD7548 1o be interfaced with
where simultaneous update of ACs is ired. ’

pds fequi microprocessors using cither Motorola or Intcl-type data

The new Linear Compatible CMOS (LC>MOS) process used in formatting.

the manufacture of the AD7548 allows precision thin-film linear 4. Monolithic Construction

circuitry and high-speed low-power CMOS logic to be integrated For increased reliability and reduced package size - 0.3"
pn the same small chip. The high-speed logic allows direct 20-pin DIP and 20-terminal surface mount packages.
interfacing to most of the popular 8-bit microprocessors. 5. Single Supply Operation — See Figure 8.

6. Low Gain Error and Gain Error T.C.

B 4% 5 # # 886-3-5753170
4 1 LT () 86-21-54151736
4 1 B () 86-755-83298787
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T (Vg = +5V, Vogs = +10V; Ve, = Vpur = OV. All specifications T, to T,,,,

AD7548 e SPEC I F I cAT' 0"8 unlass otherwise specified)
LA KB
Parameter Versions | Versioas | SVersion | TVemioa | Usits Test Coaditions/Comments
ACCURACY
Resolution 12 12 12 12 Bis
Relative Accuracy =] =12 =] =1 LSB max
Differential Nonlinesrity ES E317] 1 =12 LSB max All grades guaranieed monotonic 1o 12-bits
over tempersture.
Full Scale Error =6 +3 x6 x3 LSBmax Measured using internal Ry and includes
effects of leakage current and gain TC.
Full Scale Error can be trimmed (0 2¢10.
Gain Temperature Coefficient’;
AGain/ATemperature x5 =5 =5 =5 ppm/~Cmax | Typical valueis 2ppm/°C
Output Leakage Current
loyr(Pin 1)
+25°C =5 =5 E3 5 nA max All digital inputs = 0V
Toin 10 Tongs +28 25 =150 >150 oA max
REFERENCEINPUT
Input Resistance, Pin 19 7 7 7 7 ki min Typical Input Resistance = 11k(}
20 20 20 20 k() max
DIGITAL INPUTS
Vi (Input High Voluage) 24 24 24 2.4 Vmin
Vi (Ioput Low Voltage) 0.8 0.8 0.8 0.8 Vmax
1oq (Inpur Current)
+25°C =1 E3t =1 xl pd mazx Viv=0Vor Vpp
Tanto Ty *10 =10 =10 =10 pA max
Cnq (Input Capacitance) 7 7 7 7 pF max
POWERSUPPLY
Vpp Range 4.75/5.28 | 4.75/5.25 | 4.75/5.25 | 4.75/5.25 | Vmin/Vmax | Specifications guaranteed over this range
N 2 2 2 2 mA max All digital inputs Vi or Viy
300 300 300 300 WA max All digital inputs OV or Vpp

SPECIFICATIONS o -+ 1510 #1514 = 105w = =0, ot o o i b o

A K,B
Parsmcter Versioas | Versions | SVersion } T Version | Units Test Cosditions/Comments
ACCURACY
Resolution 12 R 12 12 Biws
Relstive Accuracy +1 =12 =1 =112 LSB max
Differentisl Nonlinearity =zl =12 +1 =112 LSB max All grades guaranteed monotonic 10 12-bits
over lempersture.
Full Scale Eeror =6 23 =6 z3 LSBmax Messured using internal Rpp and includes
- effects of leukage current and gain TC.
Full Scale Error car be trimmed to zero.
Gain Temperature Coeflicient?;
AGsin/A Temperature x5 ) =5 =5 ppm~Cmax | Typical valucis 2ppm/°C
Output Leskage Current
Iour(Pin )
+25°C =5 =S =$ =5 nA max All digital inputs = 0V
_1‘,_,-__&1’_!‘__., ~25 ~25 =150 =150 nA max
REFERENCEINPUT
Input Resistance, Pin 19 7 7 7 7 k( min Typical Input Resistance = 11k02
pu p
20 20 20 20 kf} max
DIGITALINPUTS
Vyu (Ioput High Voltage) 24 24 2.4 24 Vmin
Vi (Input Low Voltage) 0.8 0.8 0.8 0.8 Vmax
Iy (Input Current)
+25°C *1 t} x] =1 wA max Vn=0VorVon
Tmin 10 Tonax =10 =10 =10 10 A max
Cpy (Input Capacitance)! 7 7 7 7 oF max
POWER SUPPLY
Vpp Range 14187 | 1141875 | 11.415.75 | 11.4/15.7S | Vmin/Vmax | Specifications guaranieed aver thit range
Ion 3 3 3 3 mA max All digical inputs Vyy or Viy
1 1 1 1 mA max All digital inputsOV ot Vpp
NOTES e
"Temperature renge ss follows: J, K Versinas: - $0°C. 1o + A5 " R ——
* i,nvm:-am':us-r. B 4& 51 # # 886-3-5753170
$, T Versions: ~S5C o + 125°C b ke AT i
Gaeranseod by design but not peodciom tesed. k45 ) LT (F i) 86-21-54151736
Spucifications sublect io chasge withoo aecce. JPk 45 7 WL (1) 86-755-83298787
Http://www. 100y. com. tw
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AD7548

TIMING CHARACTERISTICS' (g = +57,Yyg = + 1V, Vo =Ypno = ¥ uress thorwise sta)

Limit3at Limit3at
Limitat Ta=—-40°C Tam —55°C
Parameter | T,=25C to +85°C to +125°C Units Test Conditions/Comments
tos 240 240 290 ns min Data Valid Setup Time
tou 1) 50 70 nsmin Dara Valid Hold Time
tows 30 40 50 ns min CSMSB or CSLSB 1o WR Setup Time
towH 15 20 25 ns min CSMSB or CSLSB to WR Hold Time
wws 30 40 50 ns min LDAC to WR Setup Time
TLwH 1§ 20 25 ns min TDAC to WR Hold Time
twr 250 280 320 s min Write Pulse Width
TIMING CHARACTERISTICS' 1 b=
o™ + 1V + 15V, Vogs = + 1OV, Vippyy = Vpmy = OV umiss othurwise stated)
Limit?at LimitZat
Limitat Ta=-#4C Tar=-55C
Parameter | To=25"C to +85°C to +125°C Units Test Conditions/Comments
tps 160 190 230 nsmin Data Valid Setup Time
ton 30 30 S0 nsmin Data Valid Hold Time
ows 30 40 50 ns min TSMSB or CSLSB to WR Setup Time
town 15 20 25 ns min CSMSB or CSLSB to WR Hold Time
tr.ws 30 40 50 ns min LDAC to WR Setup Time
tLwn 1s 20 25 nsmin LDAC 10 WR Hold Time
twr 170 200 240 ns min Write Pulse Width

AC PERFORMANCE CHARACTERISTICS

These characteristics are included for Design Guidance only and are not subject to test
(vwz +1w;v"m=v'.z=w, OMWEIKWBEOMM stated)

Vpp = +5V Vpo= +12Vto +15V
Paramcter Versios | Ta= +25°C To=Tune Taax | Ta*4+25C  Ta=Tun, Tamax | Units Test Conditions/Comments
Output Current Sewtling Time 1.5 - i - ustyp T00.01% of full scale ange.
Loy load = 10001, Cexy - 13pF.
DAC register alternately
losded withalt lsqodaltOs
Digital 1o Analog Glitch Measugred with Vpur =0V,
Impulsc 400 - 330 aVesectyp | Toyrioad = 10002, Cgxy = 13pF.
DAC register alternately
loaded with all 1sand all 0s
Multiplying Feedthrough Error® 3 5 3 5 mVpptyp | Vaer= £ 5V, 10kHzsine wave
DAC register loaded withall 0s.
Total Harmoaic Distortion -85 = -85 - dBtyp Vagr=6Y rms @ 1kHz.
DAC register loaded with all 1s.
Power Supply Rejection
AGAIN/AVpp +0.015 *0.03 +0.0] +0.02 %per%max | AVpn= 5%
Output Capucitance
lour(Pin 1} 200 200 200 200 pF max DAC register Josded withall 1s.
100 100 100 100 pF max DAC register loadcd with all 0s.
Output Noise Voluge Density
(10Hz-100kHz) 15 - 1s - nV/VHztyp | Measured between Rygand lour
NOTES
{Guarantend by denign but not production tested.
’rwwnmkx'gm ~ﬁw+l§'€ 1],'}' H’ j} ﬁf 1,11_ 886-3
, B Versions: - 40°C1to + 1§ i #+ 886-3-575317
§.T Veraioas; - 35'Cto + 125°C z M 3 Ralticts
F codthrough can be further reduced by connecting the metal id on the cwamic packags (D-20)to DGND. JE 4R ) L (i) 86-21-54151736

Specifications mbject 10 change withaut notice.
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ABSOLUTE MAXIMUM RATINGS* Operating Temperature Range

(Ta = + 25°Cuniess otherwise noted) Commercial (J, Kversions) . . . . . .. .. —40 1o +85°C

Voo (in 18)10DGND . . .. .o +17y  Industrial (A, Bversions) . . . . . .. .. -40°C 10 +85°C

VREr (pm MwAGND . . ... ... .. ... +25V Extended (S, T versions) . . . . ... .. ~$5°C 10 +125°C

Vers (Pin 20000 AGND . . . . .. ... +25v  Storage Temperature . . ... ....... -65°C o +150°C

Digital Input Voltage Lead Temperature (Soldering, 10secs) . . . . . . .. +300°C
(pins 41710 DGND . . .. ... .. 0.3V, Vpp+03V e thone D e ) St kb

Viin to DG?‘D ............. -0.3V, Vpp+0.3V m( damage to the device, This js“.u'm ng:; on?yn‘:nd m;n“:

AGNDtwoDGND . .. ... ... .. .. -0.3V, Vpp +0.3V operation of the device at these or any other conditions above those indicated

Power Dissipation (Any Package) in the operational sections of this specification is not implied. Exposure 10
To +75°C . . o e 450mW shsclute maximum rating conditions for extended periods may affect device
Deratesabove +75°C . . . . . . .. ... ... .. 6mW/C relisbility.

CAUTION

ESD (clectrostatic discharge) sensitive device. The digital control inputs are diode protect- WARNING! =

clectrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective
foam should be discharged to the destination socket before devices are removed. oL SENSHTVE DE vt

ed; howcver, permancnt damage may occur on unconnected devices subject to high energy % -

PIN CONFIGURATIONS
DIP, SOIC LCCC PLCC
e e | s
gy E o R § g iz >i g g A
ME 13 Vewr 12 10w gapnpin
ogwo [ 1 18] Veo w .
TENEE | o AD7S48 7] @R [ L d 19 Voo cEwee [ 8] Ve
oS (T] walotens [] B R R " W or50 3] )
em [ ] 55T cm s o w G cra {o} !ﬁm e} SHT
oor wem [7 [12] oo tam DRI RN n oarimse 7] It o Sealel w) aE
oss o E o8t oo ¢ [ O90la8) ose {0} 1a] ossise
ol & 11} os ORI
o [ 1] oes 2% |0/0{ DD} D]
EERE
§328 %
ORDERING GUIDE'
Temperature Relative | Full-Scale { Package
Model? e Accuracy | Error Option®
AD7548)N - 40°Cto +85°C +1LSB +6LSB | N-20
AD7548KN —40°Cto +85°C +1/2LSB | +3LSB | N-20
AD7548JP —40°Cto +85°C +1LSB +6LSB | P-20A
AD7548KP —40°C1o +85°C +1/2LSB | +3LSB P-20A
AD7548]JR -40°C1o +85°C +1LSB +6LSB R-20
AD7548KR —40°C1o +85°C +1/21.SB { +31.SB | R-20
AD7548AQ -40°Cto +85°C = ]LSB +6LSB | Q-20
AD7548BQ —40°Cto +85°C +1/2LSB | £3LSB | Q-20
AD75485Q ~5%°Cto +125°C | +1LSB +6LSB | Q-20
AD7548TQ -55°Cto +125°C | =172LSB | +3LSB |Q-20
AD7548SE -55°Cto +125°C | +1LSB +6LSB | E-20A
AD7548TE . =55°Cto +125°C | =1/21.8B | £3LSB | E-20A
NOTE
'Analog Devices rescrves the right to ship ceramic (package outline D-20) packages
in Lieu of cerdip (package outline Q-20) packages.
To order MIL-STD-883, Class B proccssed parts, add/8838 to part number.
Contact your local sales office for military daea sheet.
B - Lesdless Cerumic Chip Carrier; N = Plastic DIP; P ~ Plastic Leaded
Chip Carricr; Q = Cerdip; R = SOIC.
-4 REV. A
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PIN FUNCTION DESCRIPTION
PIN  MNEMONIC DESCRIPTION

i Toerr DAC current OUT bus. Normally ierminated at virtual ground of output amplifier.

2 AGND Analog Ground.

3 DGND Digital Ground.

4 CSMSH Chip Select Most Significant (MS) Bytc. Active Low Input. Used in combination with WR to load

external data into the input regisier ar in combinstion with WR and LDAC to load cxtcrnal dara into
buth inpui and DAC registers. :

s DFDOR Data FarmarData Override. When this input is LOW . data s the DAC register is forved toonc of
two oveeride codes selected by CTRL. When the overeide signal is removed , the DAC vutput
retusos to eefledt the value inthe DAC register, With DF/ HIGH. CTRI. scleciseither a el

DF/DOR | CTRL | FUNCTION
0 0 DAC eegister contentsaverridden by all 0's
[ 1 DAC register contents overriden by att s
1 1] Left-justified input data selected
1 1 Right-justified input data selected

6 CTRI. Control Input. Sec pin 5 description.
FMOST SIGNIFICANT BYTE-,HF LEAST SIGNIFICANT IYTE"‘

sH LEFTJusTIFED DATA +——>hs8] x| x [x [x | crri- o

|
X ]x[x lx bsu“H— méﬂ'l‘:jus:m;w;)xr',\ Ls@] CTRL -1

X = Don't care states.

? DB? Data Bit 7. Mast Significant Bir (MSB).
8 D#6 DauBité,
9 DBS Data Bin 5.
10 DB4 DataRit 4.
1} DB3 Data Bt 3,
12 DB2 Data Bit 2.
i3 DR DataBit 1.
14 DBO Data Bic 0. Least Significant Bit (LSB).
15 LDAC Load DAC Input. active LOW . This signal, in combination with athers . i used to load the DAC
register fram cither the input cegisteror the external Jata bus.
16 [y &)1 Chip Sclect Least Significant (L8) Byte. Active LOW input. Used in combinasion with WR 10 load

” into bothinput and DAC registers.
17 YR WRITE Input. This active low sigual, in combination with others is used in loading exrernat data
into the AD7348 input register and in: transferring data from the input register 0 the DAC regisier.

WR _CSMSE CSISE LDAC | FUNCTION
0 I 0 1 Load LS Byre 1n Input Regisrer.
[ i 0 [ Load LS Byte o Inpur Register snd DAC Register,
0 ] 1 1 Load MS Byte tolnput Register.
[} 0 1 0 Load MS Byte to Input Register and DAC Register.
] 1 i [ Load Input Register to DAC Register.
1 X X X No Data Transfer
3 Von +3V10 + 15V Supply Input.
19 Vagr Reference Voltage Input.
0 Ren Feedback Resistor. Used for normal YA conversion

CONTROL INPUT INFORMATION
Figure 1a shows the daia load timing diagram for the AD7548. Figure 1b shows the simplified input control structure of the AD7548.

tows tewm
—t e e lo— A-2R LADOER
- PEon) w
\ i / toms  tome "
T —d b el b o
1 ! 11 : ! ) _
: } ‘ '| [ ’ o D':;': ol | DATA OVFRRIOF
| e e e
— 1 : i
LoAc | 1 ‘ | ; ] o
P T 1 iBAE
h;” ot v
Ttae tou! T tog 1tpe t Lid
Lgmoteed r;.:.% &5i58 0——

OATA { y :: P ‘:D INPUT REGISTERS
NOTES [ 1 ‘] r ‘FT
1. :l:l..':lg:‘ fn;rm RISC AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. Wil o
2. TIING MEASUREMENT REFERENCE LEVEL 19 2228 DATA STEERING
3. CSMZE (PIN ¢) AND TSLSE (PN 151 MAY BE INTERCHANGED.

4. FOR LEFT- JUSTIRED DATA CTRK = + 0V WITH DF BOR = +5v.

FOR RIGHT-JUSTIFIED DATA CTAL ~ +5V WITH DFDOR = + 3v.

Figure 1a. AD7548 Timing Diagram Figure 1b. Simplified AD7548 Input Control Structure

REV. A -5-
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GENERAL CIRCUIT INFORMATION

The simplified D/A circuit is shown in Figure 2. An inverted
R-2R ladder structure is used, which steers binarily weighted
currents between Iout and AGND, thus maintaining a constant
current in each ladder icg independent of the switch state.

The input resistance at Vppr is constant and equal to the value
“R’ in Figure 2. Since the input resistance is constant, the
reference terminal can be driven by a reference voltage or a
reference current, ac or dc, of positive or negative polarity. (If a
current source is used, a low temperature coefficient external
Ry is recommended to detine scale factor).

R L] R
Ve
nm S
2
s12
L]

Y RYey, wy 1
B -; $5—— 4———0 o
H A AN
] ; 45— - -0 AGND

]
H } 1 ]
[ DATA LATCHES AND SWITCH DRIVERS J

Figure 2. AD7548 Simplified Functional Diagram

EQUIVALENT CIRCUIT ANALYSIS

Figurc 3 shows an equivalent circuit for the analog section of
the AD7548 D/A converter. The current source Ij pakage: 1S
composed of surface and junction leakages. The resistor Ro,
denotes the equivalent output resistance of the DAC which
varies with input code {cxciuding all 0’s code) from 0.8R to 2R,
where R is typically 11k{}. Coyr is the capacitance duc to the
current steering switches and varies from about 50pF to 120pF
(typical values) depending upon the digital input. g(Vgpy:, N) is
the Thevenin cquivalent voltage generator due to the reference
input voliage, Vi, and the transfer function of R-2R ladder,
N.

For further information on CMOS multiplying D/A converters
refer to “Application Guide to CMOS Multiplying D/A Conver-
ters™ available from Analog Devices, Publication Number G479-
15-8/78.

tour

I Coun
< AGND

Figure 3. AD7548 Equivalent Analog Output Circuit

DATA LOADING

The AD7548 accepts incoming data in either left-justified format
or right-justified format depending on the contrel inputs DF/ DOR
and CTRL.

(Sce pin description of DF/DOR and CTRL on preceding
page).

Two operating modes are possible for controlling the transfer of
data from the input register 10 the DAC register, the automatic
transfer mode and the strobed transfer modc.

AUTOMATIC TRANSFER MODE
This is the simplest and fastest method of transferring data 1o

_ the DAC register. It is facilitated by connecting LDAC 10 either

CSMSB, as shown in Figure 10, or CSLSB.
Figure 4 shows the timing diagram for automatic transfer of 8

+4-bit data to the DAC register. The first write cycle loads the
first bytc of data to the input register. The second write cycle
joads the second byte of data to the input register and automatically
transfers both bytes to the DAC register.

Updating a single byte (High or Low) in the DAC register can
be achicved in onc write cycle using the automatic transfer

mode.
S
teika y
. ;\'
BAC *
LDAD lV‘I‘l 1 INTO wm !VTE 2 IN'I’O INPUT
e NSFER I‘VTE 1 TO DAC
I\EGISTEI ANALOG QUTPUT
UPDATED.
Figure 4. Automatic Transfer Mode
STROBED TRANSFER MODE

Figure 5 shows the timing diagram f{or the strubed teansfer of 8
+ 4-bit data to the DAC register. Three write cycles are required
for this transfer mode. The first two write cycles sequentially
load bytes | and 2 into the input register. The third write cycle
transfers data from the input register to the DAC register.

The strobed transfer mode allows the DAC registers of several
AD7548'’s to be updated simultancously, as shown in Figure 13,
by means of a master strobe signal connected to the LDAC of
cach device.

A single byte of data (High or Low) can be transferred to the
DAC register in two write cycles using the strobed transfer
mode.

e

[ \ [ T 7
Jl
e } T
1 )
LOAD BYTE 1 NTO LOAD BYTE 2 INTO TRANSFER DATA
INPUT REGISTER INPUT REGISTER FROM INPUT REQISTER
TO DAC REGISTER.
LOG OUTPUT UPDATED.
Figure 5. Strobed Transfer Mode
DATA OVERRIDE

The coments of the DAC register can be overridden by pulling
DF/DOR (pin 5) LOW. The CTRL (pin 6} input then detcrmines
whether the DAC register data is overidden by all 0s (CTRL
LOW) or all 1s (CTRL HIGH). This feature allows the uscr to
calibrate the AD7548 in ciccuits such as Figure 6 without calling
on the microprocessor 1o load calibration dara.

-4 REV. A
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Applying the AD7548

UNIPOLAR BINARY OPERATION

(2-QUADRANT MULTIPLICATION)

Figure 6 shows the analog circuit connections required for unipolar
binary operation. With a dc input voltage or current (positive or
negative polarity) applied at pin 19, the circuit is a unipoler
D/A converter. With an ac input voltage the circuit provides 2-
quadrant multplication (digitally controlled attenuation).

Table 1 shows the code relationship for the circuit of Figure 6.

For full scalc trimming the DAC register is loaded with 1111
1111 1111. This is most easily accomplishcd by using the data
override function. R is then adjusted for Vour = ~ Vin (4095/
4096). Aliernatively full scale can be adjusted by omitting R1
and R2 and trimming the reference voltage magnitude.

Capacitor C} provides phase compensation and helps prevent
overshoot and ringing when using high speed op amps.

NOTES

1. CONTROL INPUTS QMITTED FOR CLARITY.
2 R, = 1000}, R, =334t FOR ALL GRADES.
3. SEE APPLICATION HINTS.

Figure 6. Unipolar Binary Operation

Table I. Unipolar Binary Code Table for Circuit of Figure (]

Binary Number in
DAC Rcmt Amlo‘ Outpul, VOUT
MSB LSB
P11 1111 1111 -v.N(%g)

1000 0000 0000 -V.N(%)w-xzzv,N

0000 0000 0001 -v,N(w——{,z

0000 0060 0000 |JOV

BIPOLAR OPERATION

(4-QUADRANT MULTIPLICATION)

Figure 7 and Table II illustrate the recommended circuit and
code relationship for bipolar operation. The circuit uses offset
binary input coding. However, 2’s complement coding can be
accommodated if the MSB is inverted {done in software) before
data is loaded into the DAC.

With the DAC register loaded to 1000 0000 0000, adjust R1 for
Vout =0V (alternatively one can omit RI and R2 and adjust the
ratio of R3 and R4 for Vour = 0V). Full scale trimming can be
accomplished by adjusting the amplitude of Vi~ or by varying
the vatue of RS.

R3, R4 and RS must be selected 10 match within 0.01% and
they should be the same type of resistor (preferably metal film)
5o that their temperature coefficients maich. Mismatch of R310
R4 causcs both offset and full scale error. Mismatch of RS to
R4 and R3 causes full scale error.

v
b A‘A‘.r - : "
.I. €1 G
18)—{20 2pF AAA
Voo R ]
o (3 I o
2 19) Vaes » ~
Ve m¥ \ Wi Vourr
ADI5AS AGND{ 2 e A2 -0
- ADSAR? -
7) (W 3 Bk ADEALS
10%
NPUT  DIGITAL  ANALOG
DATA  GROUND COMMON

NOTES

1. CONTROL INPUTS OMITTED FOR CLARITY.
2. Ry= 1000, R, =330 FOR ALL ORADES.

3. sE€ APPLICATION HINTS.

Figure 7. Bipolar Operation (Offset Binary Coding)

Table H. Bipolar Code Table for Offset Binary Circuit of
Figure 7

Binary Number in

DAC Register Analog Output, Vour
MSB LSB
1111 1111 1111 +v,N(§-04"-‘f%)
1000 0000 0001 +v,-,..(ﬁ)
1000 0000 0000 [OV
0111 1111 1111 V'N(EBIHE)
0000 0000 0000 | -Vin(2m2)

B 4% 5 M 4 886-3-5753170
”rifiil )U fu_ J'-[ [‘f” 86-21-54151736
k45 17 ML T (1) 86-755-83298787
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AD7548

SINGLE SUPPLY OPERATION

Figure 8 shows the AD7548 connected in 3 voltage switching
mode. The input voltage is connected to Ioyr. The I)/A converter
output voltage is taken from the Vrgr pin and has a constant
impedance equal to R. Rgg is not used in this circuit. The input
voltage Vy must always be positive with respect to AGND in
order to prevent an internal diode from turning on. To maintain
linearity the input voltage should remain within 2.5V of AGND
with Vpp from +12V o +15V.

The output voltage Vour of Figure 8 is cxpressed as

R,+R
Vour= (V) (D)( ‘R ’)
1

Where D is a fractional representation of the digital input word
(0=D=<4095/4096).

Figure 8. Single Supply Operation Using Voltage Switching
Mode

APPLICATION HINTS

Output Offset: CMOS D/A converters in circuits such as
Figures 6 and 7 exhibit a code dependent output resistance
which in turn cause a code dependent amplifier noise gain. The
effect is a code dependent differential nonlinearity term at the
amplifier output which, depends on Vs where Vog is the amplifier
input offset voltage. To maintain monotonic operation it is
recommended that Vs be no greater than (25 x 104X Vpgy) over
the temperature range of operation. Suitable op amps are ADS17L
and ADS44L. The ADSI7L is best suited for fixed reference
applications with low bandwidth requirements: it has extremely
low offset (50.V) and in most applications will not requirc an
offset trim. The AD544L has a much wider bandwidth and
higher slew rate and is recommended for multiplying and other
applications requiring fast settling. An offset trim on the ADS#4L
may be necessary in some circuits.

General Ground Management: AC or transient voltages between
AGND and DGND can causc noisc injection into the analog
output. The simplest method of ensuring that voltages at AGND
and DGND are cqual is to tie AGND and DGND t1ogether at

the AD7548. In more complex systems where the AGND and
DGND intertic is on the backplanc, it is reccommendcd that two
diodes be connected in inverse parallel between the AD7548
AGND and DGND pins (1N914 or equivalent).

Temperature Coefficients: The gain temperature coefficient of
the AD7548 has a maximum value of Sppm/°C and typical value
of 2ppm/°C. This corresponds to worst case gain shifts of 21.SBs
and 0.8L.SBs respectively over a 100°C temperature range. When
trim resistors R1 and R2 are used to adjust full scale range, the
temperature cocfficient of R1 and R2 should also be taken into
account. The reader is referred 10 Analog Devices Application
Note “Gain Error and Gain Temperature Coefficient of CMOS
Multiplying DACs™, Publication Number E630-10-6/81.

High Frequency Considerations: AD7548 output capacitance
works in conjunction with the amplifier feedback resistance w
add a pole 1o the open loop response. This can cause ringing or
oscillation. Stability can be restored by adding a phase compen-
sation capacitor in parallel with the feedback resistor.

Feedthrough: The dynamic performance of the AD7548 will
depend upon the gain and phase stability of the output amplifier,
together with the optimum choice of PC board layout and dc-
coupling components. A suggested printed circuit layout for
Figure 6 is shown in Figure 9 which minimizes feedthrough
from Vggr to the ourput in multiplying applications.

NOTE INPUT GUARD
TO REDUCE
FEEDTHROUGH

LAYOUT SHOWS COPPER SIDE fi.e.. BOTTOM VIEW)
GAIN TRIM RESISTORS RY AND R2 OF FIGURE 6 ARE NOT INCLUDED.

Figure 9. Suggested Layout for AD7548 and Op Amp

For additional information on multiplying DACs rcfer 10 “Ap-
plication Guide to CMOS Multiplying D/A Converters”, Publi-
cation Number G479-15-8/78, available from Analog Devices.
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AD7548

MICROPROCESSOR INTERFACING

AD7548 - MC6800 INTERFACE

A typical 6800 contiguration using the automatic transfer mode
of the AD7548 is shown in Figure 10. Table III gives a sample
loading routine written in re-entrant form. Daw load and store
instructions use extended addressing. The 12-bit data to be
passed to the subroutine is stored in locations XXYY and XXYY
+ 1. The data is considered right-justified with the four most
significant bits occupying the lower half of XXYY + 1. The
AD7548 is assigned a base address of PPQQ. This address
selects the fow byte register of the AD7548. Address PPQQ +
1 selects both the high byte register and the LDAC control
input.

AB-ANE ADDRESS 2US l)
AD
i o A
ADDRLSS
DECODE »D—’ & - 3
ma N Py
MCe800  csmsn
bac
Y] {)——— WK
AD7548*
Y 080 087
0007 DATA BUS S
LINEAR CIRCUITRY OMRTTED

FOR CLARITY

Figure 10. AD7548 - MC6800 interface (Automatic Transfer
Mode)

Table il Sample Routine for AD7548~ MC6800 Interface

JSR WWZZ Jump to AD7548 subroutine
wwZz PSHA Push A onto stack

TPA

PSHA Push CCR onto stack

LLDAA $XXYY

STAA $PPQQ Load low byte 1o AD7548

LDAA $XXYY+1

STAA $PPQQ+1 Loadhighbyicto AD7548

and updatc analog output

PULA

TAD Pull CCR from stack

PUL A Pull A from stack

RTS Return to main program

AD7548 - 8085A INTERFACE

Figure 11 shows a typical AD7548 to 8085A microproccssor
interface configured for automatic transfer of 8 + 4-bit right-jus-
tified data. Table IV gives a sample loading routine written in
re-entrant form. The 12-bit data to be passed to the subroutine
is stored in locations XXYY and XXYY + 1. The four most
significant data bits occupy the lower half of XXYY + 1. As
before, addresses PPQQ and PPQQ + 1 sclect the CSLSB and
CSMSB/LDAC control inputs respectively. Since only twe in-
structions (LHLD, SHLD) are required to both fetch and load
the 12-bit data word ro the AD7548, it may be more efficient to
insert these instructions as required in the main program rather
than use a subroutine such as illustrated here.

Al ADDRESS BUS 5
{ ! AS
ALE ADDRESS
DLCODE )
__D_. |z o
OFDOR ﬂ
BOSSA cm
TWSE
[r. 74
Wil wR
AD4p
080.087
ADO-AD? ADDA'DATA BUS [
SUNEAR CIACUITRY OMITTED
FOR CLARITY

Figure 11. AD7548 - 8085A interface {Autamatic Transfer
Mode)

Table IV. Sample Routine for AD7548-8085A interface

CALL 7548
7548 PUSH PSW Push register contents

onto stack

PUSH H

LHLD XXYY Fetch 12-bitdata

SHLD PPQQ Load 12-bit data

POP H Pop register contents
from stack

POP PSW

RET Return to main program

B 4 4 # # 886-3-5753170
JH: 0 LT (i) 86-21-54151736
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AD7548

AD7548 - MC6809 INTERFACE

The AD7548 can be interfaced to the MC6809 microprocessor
25 shown in Figure 12 for automatic transfer of 8 + 4-bit data.
Similar to the 808SA instructions LHLD and SHLD, thc 6809
has two instructions to fetch and store 12-bit (16-bit) data to the
AD7548, LDD and STD. However, in the 6809, the high byte
of data is moved first, then the low byte (this is the opposite of
the 808SA). This means that if the 12-bit data is assumed to
reside at addresses XXYY and XXYY + | then XXYY must
contain the high byte. It also mecans that the address decoding
logic of Figure 11 must be slightly changed so that the cven-order

AD7548 address, PPQQ from before, selects the CSMSB input
to load the high byte first. In this automatic transfcr configuration
TDAC is tied to the CSLSB input. The AD7548 analog output
can thus be updated using only two instructions as follows:

LDD $XXYY

STD $PPQQ
The strobed transfer configuration is shown in Figure 13 with a de-
dicated decoder output assigned to each chip select input. The com-
mon LDAC signal allows simultaneous update of both AD7548
DAC registers.

AG-A1S ADDRESS BUS [S
lj )
M W ,__D—" P Voo
ADDRESS .
DECODE oFDOR :§
a () CTRL
MCe808 [-3v 3
AD7548°
’ D80-DB7
D0-D? OATA BUS S
SLINEAR CIRCUNTRY OMITTED
FOR CLARITY

Figure 12. AD7548 — MC6808 Interface (Automatic Transter

Mode}
B 4% 5 # # 886-3-5753170
ADDRESS BUS 14 >
Ao I W% 7 WL T (1) 86-21-54151736
ADORESS ::: e ] JH: 4% J WL (5 1) 86-755-83298787
CsMse Voo Http://www. 100y. com. tw
Wi o . - J— :}
g CTRL
° B2 * AD7548
€] W
DBo - DAY
ﬁ
bo-D? DATA 3US
=5
[ Voo
B&  oroch
CTRL
AD7548
b8o-D87
—
UT
Figure 13. AD7548~ MC6809 Interface (Strobed Transfer
Mode)
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AD7548

AD7548 - 6502 INTERFACE ENTER
Figure 14 shows a typical AD7548 to 6502 microprocessor interface
configured for automatic transfer of right-justified data. As a CLEAR Y
programming cxample, Figure 15 shows a flow chart for producing - .
a 12-bit (4095-step-max) voltage ramp under 6502 control. Index T
registers X and Y of the 6502 form a 12-bit counter with the X- aa g
register holding the low byte of data and the Y-register the high
byte. Table V shows the program listing. The X-register is —
compared with FFy and the Y-register with 10y to determine CAENERT
when the ramp voltage has reached its maximum value (FFFy).
By changing the comparison data in the program the maximum _—1
ramp output voltage can be varied from levels corresponding to sToRe Niow BYTE!
FFFy down to 000y. In the program listing of Table V the ToAD7sa
AD7548 has been assigned contiguous addresses 0400 (low byte) ‘
and 0401 (high byte and DAC register).
STORE Y (HIGH BYTE)
TO AD7648
LOAD DAC AEGISTER
AB-AYS ADORESS BUS j
AD
faony e 0 v
W [5v
W ' ;D—- of/BOR :; YES
CTRL
0302 INCREMENT Y
ibAT
N . A - AD7548° no
E_V o80-087
DPO-D? DATA 8US L) e
*UNEAR CRCUTTRY OMITTED Figure 15. Fiow Chartfor Voltage Remp Generation
Figure 14. AD7548 - 6502 Interface {Automatic Transfer
Mode)
Table V. Program Listing for Figure 15
ADDRESS OP-CODE MNEMONIC | OPERAND
0000 A0 LDY * 00
01 00
02 A2 LDX * 00
03 00 "y .
04 4C JMP 0008 W 4& 5 M # 886-3-5753170
05 08 JVE 4 ) ML (1) 86-21-54151736
g; g INX 4 ) B (1) 86-755-83298787
08 8E STX 0400 Http://www. 100y. com. tw
[+ 00
0A 04
0B 8C STY 0401
oC 0l
oD 04
OE E0 CPX # FF
OF FF ‘
10 DO BNE 0007
1 FS
12 Cs INY
13 Co CPY * 10
14 10
15 DO BNE 0002
16 EB
17 FO BEQ 0000
0018 E7
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AD7548 - Z80 INTERFACE
Figure 16 shows a typical AD7548 to Z80 microprocessor interface AB-ATS ADDRESS BUS [4
configured for automatic ransfer of right-justified data. Similar X0
to the 8085A and 6809 cases, 16-bit load instructions are available ‘
in the Z80 which can fetch and load 12-bit data to the AD7548. g Ny Veo
Since the low byte of data is moved first and assuming the 12- _— \D oFBOR 3
bit data resides at addresses XXYY and XXYY + 1, address (el cm
XXYY must conuin the low byte. As before, addresses PPQQ a g &
and PPQQ + 1 select the AD7548 TSLSB and CSMSB/LDAC roac $
control inputs respectively. Choosing the Z80 register pair BC WA WE ap7sst I
10 hold the 12-bit data, the two instructions required to update o
the AD7548 analog output arc as follows: oacom 5
LD BC, (XXYY) [
LD (PPQQ), BC 5607 DATA 8US 5
*LINEAR CIRCUITRY OMITTED
FOR CLANITY
Figure 16. AD7548- Z80 Interface (Automatic Transfer
Mode)
MECHANICAL INFORMATION
OUTLINE DIMENSIONS
Dimensions shown in inches and {mm).
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