ANALOG
DEVICES

LC2MOS

Complete, High Speed 12-Bit ADC

AD7312

FEATURES
12-Bit Resolution and Accuracy
Fast Conversion Time
AD7572XX05: Sus
AD7572XX12: 125us
Complete with On-Chip Reference
Fast Bus Accass Time: 90ns
Low Power: 135mwW
Small, 0.3", 24-Pin Package
and 28-Terminal Surface Mount Packages

GENERAL DESCRIPTION

The AD7572 is a complete, 12-bit ADC that offers high speed
performance combined with low, CMOS power levels. The
AD7572 uses an accurate, high speed DAC and comparator in a
successive-approximation loop to achieve a fast conversion time.
An on-chip, buried Zener diodc provides a stable reference
voltage to give low drift performance over the full temperature
range and the specified accuracy is achieved without any user
trims. An on-chip clock circuit is provided, which may be used
with a crystal for stand-alone operation, or the clock input may
be driven from an external clock source such as a divided-down
microprocessor clock. The only other external components re-
quired for basic operation of the AD)7572 are decoupling capacitors
for the supply voluges and reference output.

The AD7572 has a high speed digital interface with three-state
data outputs and can operate under the control of standard
microprocessor Read (RD) and decoded address (CB) signals.
Interfuce timing is sufficiendy fast to allow the AD7572 10 operate
with most popular microprocessors, with three-state enable
times of only 90ns and bus relinquish times of 75ns.

The AD7572 is fabricated in Analog Devices Linear Compatible
CMOS process (LC*MOS), an advanced, all ion-implanted
process that combines fast CMOS logic and linear, bipolar circuits
on a single chip, thus achieving excellent linear performance
while still retaining low CMOS power levels.

The AD7572 is available in both 0.3" wide , 24-pin DIPs and in
a 28-terminal plastic leaded chip carrier (PLCC) and leadless
ceramic chip carrier (LCCC).
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PRODUCT HIGHLIGHTS

1. Fast, Sps and 12.5us conversion times make the AD7572
ideal for a wide range of applications in telecommunications,
sonar and radar signal processing or any wideband data
acquisition system.

2. On-chip buried-Zencr reference has temperature cocfficient
as low as 25ppm/°C, giving low full-scale drift over the operating
temperature range.

3. Stable DAC and comparator give excellent linearity and low
zero error over the full temperature range.

4. Fast, easy-to-use digital interface has three-state bus access
times of 90ns and bus relinquish times of 75ns, allowing the
AD?7572 10 interface to most popular microprocessors.

$. LC*MOS circuitry gives low power drain (135mW) from
+5, — 15 volt supplies.

6. 24-pin 0.3" package offers space saving over parts in 28-pin
0.6" DIP.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703 Twx: 710/394-6577
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(Voo = 5V = 5%, Vg; = =15V = 5%, fy,c 2.5MHz for ADTST2XX05, 1MH2 for

AD7572— SPECIFICATIONS 212 st o s s . St

J,A,S K,BT Cvu
Parameter Versions' Versions L Version Versioss Units Test Conditioas/Comments
ACCURACY
Resolution 12 12 12 12 Bits
Integrs]l Nonlinearity @ +25°C b3 =1 2112 EN 17 LSBmax
Trnia 10T g =1 1 2112 L34 LSBmax
Differential Nonlinearity =1 21 z1 =1 LSBmax
Minimum Resolution for which no
Missing Codes are Guaranteed 12 12 12 12 Bits
Offset Ervor i +23°C 24 +3 23 =3 LSBmax
Toa 0T e 6 +5 z4 +4 LSBmax Typical Change over Temp Is = ILSB
Full Scabe (FS) Error? @ +25°C =15 =10 =10 =10 LSB max Von=5V;Vs= ~ I1SV; FS =SV
Full Scale TCH* 45 25 25 25 ppmv°C max Ideal Last Code Transition =
FS - 3/2L.5Bs
ANALOGINPUT
Iaput Voltage Range Oto+$ Qw+$ 0o +$ O0wo+$ Volts For Bipolar Operation See
input Curremt 35 3s s 3.8 mA max Figures 10& 12
INTERNAL REFERENCE VOLTAGE
V.g;Outpﬁt@ +25°C -5.24-53 -5.2/-5.3 ~8.2-5.3 -5.2-53 | Vmin/Vmax -5.25V £ 1%
VaerOutput TC 40 20 20 20 ppm/*Ciyp
Output Current Sink Capability 550 550 550 550 »A max External Load Should Not Change
During Conversion
POWER SUPPLY REJECTION
VppOnly 2112 E 3174 E3 124 x112 LSByp FSChange, Vg5 = ~ 15V
Vpp= +4.75Vio +5.25V
V3 Only =12 F377] 12 +12 LSByp FSChange, Vpp = SV
Vsg = - 14.25Vwo - 15.75V
LOGICINPUTS
T%,RD,HBEN,CLKIN
Vine. Input Low Voltage +0.8 +0.8 +0.8 +0.8 V max Vpp, = SV =5%
Vinw, Input High Voltage +2.4 +24 +2.4 +2.4 V min
Cny,’ Input Capacitance 10 10 10 10 pFmax
,RD,HBEN
I, Input Current 10 210 +£10 =10 wA max Vin=0t10Vnp
CLKIN
I1n, Input Current *20 =20 +20 +20 »A max Vin=0w0Vnn
LOGICOUTPUTS
Di1-Dog, BUSY, CLK OUT
Vo Output Low Voltage +04 +0.4 +0.4 +04 V max Isink = 1.6mA
Vou, Output High Valiage +4.0 +4.0 +4.0 +4.0 V min lsounce = 200uA
Dii-DO/8
Floating State Leakage Current =10 =10 * 10 10 A max
Floating State Ouiput Capacitance® ) 15 15 1s 15 pF max
CONVERSION TIME
AD7572XX05
Synchronous Clock b b 5 s s max fai.k = 2.SMHz2. See Under
Asynchronous Clock 4.85.2 4.8/5.2 4.8/5.2 4.8/5.2 WS Mmin/max Control Inputs Synchronization
AD?572XX12
Synchronous Clock 12.5 12.5 12.5 12.5 WS max fcix = IMHz
Asynchronous Clock 12113 12113 1213 122713 S Min/us max
POWER REQUIREMENTS
Vno +$ +5 +$ +5 VNOM 2 5% for Specified Performance
Vss -15 -15 -15 -15 VNOM = 5% for Specified Performance
Iop® 7 7 ? 7 mA max TS« KD = Vpo, AIN=5V
Igs* 12 12 12 12 mA max CS = RD = Vpp, AIN =3V
Power Dissipation 135 135 13§ 13§ mWiyp
215 215 218 218 . mW max
NOTES

"Tempersture range 83 follows: J, K, L Versions; Oto + 70°C.
A, B,C Versions; — 25°C1o + 85°C.
N $,T,U Venions; -$5°Cto + 125°C.
*Full-Scale TC = APS/AT, whre OFS is Full-Scale changt (rom Ty = ¢ 25°C 10 Tonia 0f Touas-
“Includes inernal voage reference drift.
*Sample rested to ensure complisnce. -
*Power supply currest is measured whea AD7372 s inactive, i.¢., TS = RD = BUSY = HIGH.

Specifications sebiject 10 change without sotice.
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AD7372

TIMING CHARACTERISTICS' w,, - sn.v, -1

Limitat +25°C | Limitat T, Tou Limitat Toue, Tax
Parameter (All Grades) {J,K,L,A,B,CGrades) | (S, T, UGrades) Units | Conditions/Comments
u 0 0 0 nsmin| CStoRD Setup Time
1 190 230 270 nsmax| RD toBUSY Propagation Delay
t? 90 110 120 nsmax| Data Access Timeafter RD, Cp = 20pF
125 150 170 nsmax| Data Access Time after RD, C = 100pF
i 1 s L nsmin| RD Pulse Width
1s 0 0 0 nsmin| CS10RD Hold Time
16 70 90 100 nsmax| DataSetup Time afier BUSY
1 20 20 20 nsmin{ BusRelinquish Time
75 8 9% ns max _
& 0 0 0 nsmin| HBENto B_Q Setup Time
1) 0 ] 0 nsmin| HBEN to RD Hoid Time
o 200 200 200 nsmin| Delay Between Successive
Read Operations
NOTES

'Timing Specifications are sumple tested st + 25°C 10 ensure compliance. All input control signals are specified with

tr = o = Sns(10% to 90% of + SV)and timed from a voltage level of 1.6V,

2t and tq are measured with the losd circuits of Figure | and defined as the time required foran

ourput focrnss 0.8V or 2.4V.

3ty is defincd a3 the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2.

Specifications subject 1o change without notice.
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CAUTION

ABSOLUTE MAXIMUM RATINGS*
(Ta = +25°Cunless otherwisc noted)

Von to DGND ..... ... ... ..... -0.3Vio +7V
VestoDGND . . . . ... ... ....... +0.3Vio - 17V
AGNDwDGND ... ... .. .... -0.3V, Vpp + 0.3V
AINWAGND . . .. ... ... .. ... -15V o +15V
Digiral Input Voltage to DGND

(CLK IN, HBEN, RD,CS) . . . .. -0.3V, Vpp +0.3V

Digital Output Voltage to DGND
(D11-D0/8, CLK OUT, BUSY) . ..

Operating Temperature Range
Commercial (J, K, 1. Versions)

- 0.3V, Vpp +0.3V

0w +70°C

Industrial (A, B, C Versions) . . . . . .. -25°C w0 +85°C
Extended (S, T, U Versions) . . . . ... ~55°C 10 +125°C
Storage Temperature . . . . ... ..... ~65°C 1o +150°C
Lead Temperature {Soldering, 10secs) . .. ... .. +300°C
Power Dissipation (Any Package) to +75°C 1,000mW
Derates above +75°Cby . . .. ... ... .... 10mWrC

*Stress above those listed under **Absolute Maximum Ratings™ may causc pcrmanent
damage to the device. This is a stress rating only and functional operation of the device
at these or any other condition 2bove those indicated in the operational sectivns of this
P is not implied. Exposure 1o absol rating conditions for ex-
tended periods may affect device reliability.

necifi

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect-
ed; however, permanent damage may vccur on unconnecied devices subject to high energy
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective
foam should be discharged 10 the destination socket before devices are removed.

WARNING! //j

£ GLten TivE DEVICE
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AD1572

ORDERING GUIDE!

Conversion | Temperature Full-Scale | Accuracy | Package
ModeP Time Range TC Grade Option®
AD7572]JNO5 | Sus 010 +70°C 45ppm/°C | =1LSB N-24
AD7572KNOS | Sus 010 +70°C 25ppm/°’C | *1LSB N-24
AD7572LNOS | Sus 0to +70°C 25ppm/°C | *1/2LSB | N-24
AD7572JP0S | Sus 0t +70°C 45ppm/°C | =1LSB P-28A
AD7572KP0S | Sus 0to +70°C 25ppm/°C | *1LSB P-28A
AD7572LP0S | Sus 0to +70°C 25ppm/°C | *+1/2LSB | P-28A
AD7572AQ05 | Sps ~25°Cto +85°C | 45ppm/’C | =ILSB Q24
AD7572BQ0S | Sps ~25°C 1o +85°C | 25ppm/°C | =1LSB Q24
AD7572CQ05 | Sus =25°Cto +85°C | 25ppm/°C | =1/2LSB | Q-24
AD75728Q0S | Sus ~55°C to +125°C | 45ppm/C | +1LSB Q-24
AD7572TQ05 | Sps -55°Cto +125°C | 25ppm/C | x1LSB Q-24
AD7572UQ05 | Sps ~55°C 10 +125°C | 25ppm/°C | +1/2LSB | Q-24
AD7572SE0S | Sps —55°C to +125°C | 45ppm/°C | =1LSB E-28A
AD7572TEOS | 5ps ~55°Cto +125°C | 25ppm/°C | =1LSB E-28A
AD7S72UE05 | 5ps ~55°C 1o +125°C | 25ppm°C | *=1/2LSB | E-28A
AD7572JN12 | 12.5us 010 +70°C 45ppm/°C | *1LSB N-24
AD7572KN12 | 12.5ps 0to +70°C 25ppm/°C | =1LSB N-24
AD7S72LNI12 | 12.5ps 010 +70°C 25ppmC | =1/2LSB | N-24
AD7572JP12 | 12.5ps 0to +70°C 45ppm°C | =1LSB P-28A
AD7572KP12 | 12.5us 0t +70°C 25ppm”C | =1LSB P-28A
AD7572LPI2 | 12.5us 010 +70°C 25ppm”C | +1/2LSB | P-28A
AD7572AQ12 | 12.5us -25°C to +85°C | 45ppm/°C | *ILSB Q24
AD7572BQ12 | 12.5ps ~25°C 10 +85°C | 25ppm/°C | =1LSB Q24
AD7572CQ12 | 12.5ps =25°Cto +85°C | 25ppm/C | =1/2LSB | Q-24
AD75728Ql12 | 12.5us ~55°C to +125°C | 45ppm/°C | =1LSB Q-24
AD7572TQ12 | 12.5us —-55°C to +125°C | 25ppm/°C | =1LSB Q-24
AD7572UQI12 | 12.5us ~55°C to +125°C | 25ppm/®C | =1/2LSB | Q-24
AD7572SE12 | 12.5us -55°C 10 +125°C | 45ppm/°C | =1LSB E-28A
AD7572TE12 | 12.5ps -55°C 1o +125°C | 25ppm/C | *1LSB E-28A
AD7572UE12 | 12.5us -55°C 10 +125°C | 25ppm/°C | =1/2LSB | E-28A
NOTES

'Analog Devices Reserves the right to ship ceramic (D-24A) in lieu cerdip (Q-24) hermetic package.

*To order MIL-STD-883, Class B processed parts, add /883B to part aumber. Contact your focsl sales office
for military daca sheet. For U.S. Standard Military Drawing (SMD) see DESC Drawing #5962-87591.

D = Ceramic DIP; E = Leadless Ceramic Chip Carrier (LCCC); N = Plastic DIP; P = Plastic Leaded
Chip Carrier (PLCC); Q = Cerdip.

PIN CONFIGURATIONS
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AD7572

DIP Pin No.
1

2

3

4...1
13...16

PIN FUNCTION DESCRIPTION
Mnemonic Description
AIN Analog Input.
Vrer Voltage Reference Output. The AD7572 hasits own internal — 5.25V reference.
AGND Analog Ground. .
Dll...D4 Three State data outputs. They become active when CS and RD are brought low.
D3/11...D0/8 Individual pin function is dependent upon High Byte Enable (HBEN) Input.
DATA BUS OUTPUT, CS & RD = LOW
Pind [Pins [Piné [ Pia7 [Ptas [Pia9 |Pta10 [Pta11}Pta 13 |Pta 14]Pia15] Pia 16
| MNEMONIC* 1 DI} D10 ID9 ID$ 1D7 D3 DRI1LID2101DLS I DR |
HBEN=10W | DB11}DB10| DBS IDBS | DB?7 |DBS | DBS IDB¢_IDR3 |DB2 DRI _| DBO
HBEN=HIGH | DB11{DB10|DB9 { DB$ |LOW]{LOW| LOW |[LOW [DB1} |DB10 {DB9 { DBS
NOTE

*D11. .. DO/ arc the ADC dats output pina.
DB11 . . . DBOare the 12-bit conversion resuits, DB11 is the MSB.

12 DGND Digital Ground.
17 CLKIN Clock Input pin. An external TTL compatible clock may be applied to this pin. Alernatively
a cryswal or ceramic resopator may be connected berween CLK IN
(Pin 17) and CLK OUT (Pin 18).
18 CLKOUT Clock Output Pin. An inverted CLK IN signal appears at CLK OUT when an external clock
is used. See CLK IN (Pin 17) description for crystal (resonator).
19 HBEN High Byte Enable input. Its primary function is to multiplex the 12-bits of conversion data onto
the lower D7 . . . DO/8 outputs (4MSBs or 8 LSBs). See Pin description 4 . . . 11 and 13 . . . 16.
. It also disables conversion start when HBEN is high. _
20 RD READ input. This active LOW signal, in conjunction with CS is used to enable
the output data three state drivers and initiate a conversion if CS and HBEN arce low.
21 (o] CHIP SELECT Input. This active LOW signal, in conjunction with RD is used to enable
the output data three state drivers and initiate a conversion if RD and HBEN are low.
2 BUSY BUSY outpurindicates converter status. BUSY is LOW during conversion.
23 Vgs Negative Supply, — 15V.
24 Vop Positive Supply, +5V.
OPERATIONAL DIAGRAM
ORDERING INFORMATION!- An opcrational diagram for the AD7572 is shown in
CONVERSION TIME = Sps Figure 3. The AD7572 is 2 12-bit successive approximation
Temperecore Range aod Fackage Optios A/D converter. The addition of just a crystal/ceramic resonator
Full-Scale | Accuacy and a few capacitors enables the device to perform the analog-
TC Grade 010 +70°C -25°Clo +85°C | -55"Cro +125°C | to-digital function.
Plastic DIP Hermetic’ DIP Hermetic’ DiP 010 +5v
£ppm/C | 21LSB | AD7SI2JNDS | AD?I572AQ0% AD75725Q05 ANALOG 0 +3v
25ppmC | xILSB | AD7572KNOS | AD7572BQOS AD7S771QuS INPUT
BppwC | £ 12LSB | AD7S72LNOS | AD7572CQ0$ AD7572UQ08 Vi Pog- 754 O -8V
ncct rceet o STATUS
4sppmC | z1LSB | AD75T21POS AD7572SE0S oureut
25ppm~C | =1L58 | AD7372KPOS AD7$72TE0S
2ppmPC | +121SR | ADIST2IPOS AD7572UE0S b
CONTROL
wruTs
CONVERSION TIME = 12.5ps
Temperature Raage aad Packege Options
Full-Scale | Accuracy . %
TC Grade fB1n +70°C =25'Cio +55°C -$5"Cto +125°C
PawicDI? | H *DIP | Hermetc DIP b
«sppm”C | =ILSB | ADTSIINIZ | AD7372AQN2 ADTS125Q12
2Sppm/ . + HL.SB AD7572KN12 ADIST2RQ12 AD7$72TQI2
2Sppm~C | £)2LSB | ADIST2LNI2 | ADIS72CQ12 AD7S720Q12
PLCC Lccct
4sppmC | 21LSB | AD7s7ZjPI2 AD7S72SER
25ppmiC | 21LSB | AD7ST2KRPIZ AD?S72TEI2 u)
25ppmC | z12LSB | AD?ST2LPI2 ADTST2UEN2 YLLLY 000
NOTES . '
"o order MIL-STD-$83, Clase B processed peris, odd /4238 to part NOTES »P DATA OUS

number. Contact your local sales office for military date sheet
Anslog Devices reserves the right 16 ship either cerdip or ceramic hermetic peckages.

‘PLOC: Plastic Lesded Chip Carrice.
‘LCCC. Laadless Ceramic Chip Carrier.

REV. A

ADTST2X X085 - 2.5MH; CRYSTAL/CERAMIC RESONATOR,

ADISI2XX 12 - 1.0MHz CRYSTALCERAMIC RESONATOR.

C1and C2 CAPACITANCE VALUES DEPEND ON CRYSTAUCERAMIC AESONATOR
MANUFACTURER. TYPICAL VALUES ARE FROM 30 10 100pF.

Figure 3. AD7572 Operational Diagram




AD7512

CONVERTER DETAILS

Conversion start is controlled by the CS, RD and HBEN
inputs. At the start of conversion the successive approximation
register (SAR) is reset and the three-state data outputs are
enabled. Once a conversion cycle has begun it cannot be re-
started.

During conversion, the internal 12-bit voltage mode DAC
output is sequenced by the SAR from the most significant
bit (MSB) to the least significant bit (LSB). Referring to
Figure 4, the AIN input connects 1o the comparator input
via 2.5kQ). The DAC which has a similar 2.5k(} output
impedance connects to the same comparator input. Bit decisions
are made by the comparator (zero crossing detector) which
checks the addition of each successive weighted bit from the
DAC output. The MSB decision is made 80ns (typically)
after the second falling edge of CLK IN following 2 conversion
start. Similgrly, the succeeding bit decisions are made ap-
proximately 80ns after a CLK IN edge until conversion is
finished. At the end of conversion, the DAC output current
balances the AIN input current. The SAR contents (12-bit
data word) which represent the AIN input signal is losded
into a 12-bit latch.

258kt
AN “ F—_w—.——
rnl? - -'I COMPARATOR
1 |
l 1 % 3
L |
Lb_d v
SAR
B
AD7572
12-8i7
LATCH

Figure 4. AD?572 AIN Input
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Figure 5. Operating Waveforms Using an External Clock
Source for CLK IN

CONTROL INPUTS SYNCHRONIZATION

In applications where the RD control input is not synchronized
with the ADC clock then conversion time can vary from 12
10 13 CLK IN periods. This is because the ADC waits for
the first falling CLK IN edge after conversion start before
the conversion procedure begins. Without synchronization,
this delay can vary from zero to an entire clock period. If 3
constant conversion time is required, then the following
approach ensures a fixed Sus conversion time for the
AD7572XX05 and 12.5us for the AD7572XX12: when in-
itiating a conversion, RD must go low on cither the rising
edge of CLK IN or the falling edge of CLK OUT.

DRIVING THE ANALOG INPUT

During conversion, the AIN input current is modulated by
the DAC output current at a rate equal to the CLK IN frequency
(i.e., 2.SMHz when CLK IN = 2.5MHz). The analog input
voltage must remain fixed during this period and as & result
must be driven from an op amp or sample hold with a low
output impedance. The output impedance of an op amp is
equal to the open loop output impedance divided by the loop
gain at the frequency of interest.

Suitable devices capable of driving the AD7572 AIN input
are the AD OP-27 and AD711 op amps or the AD585 sample
hold.

INTERNAL CLOCK OSCILLATOR

Figure 6 shows the AD7572 internal clock circuit. A crystal or
ceramic resonator may be connected between CLK IN (Pin 17)
and CLK OUT (Pin 18) to provide a clock oscillator for the
ADC timing. Alternatively the crystal/resonstor may be omitted
and an external clock source may be coanected to CLK IN. For
an external clock the mark/space ratio must be 50/50. An inverted
CLK IN signal will appesar at the CLK OUT pin as shown in
the opcrating waveforms of Figure S.

&';"t AD7572

—’ fLOCK

AAA

NOTES
AD7$72XX06 - 3.6MHz CRVSTAL'CM IKSONA‘I‘OI

AQ7572XX12- 1.0MN2 CRY S
ClandC2 WWTANCEVALU“DEPEND OoN CIVSTAUCSMW RESONATOR
MANUFACTURENR. TYPICAL VALUES ARE FHOM 30 to 100pF.

Figure 6. AD7572 Internal Clock Circuit

INTERNAL REFERENCE

The AD7572 has an on-chip, buffered, temperature-compensated,
buried Zener reference, which is factory trimmed to ~5.25V

+ 1%. It is internally connected 10 the DAC and is also available
at Pin 2 1o provide up to 550pA current to an external load.

For minimum code transition noise the refereace output should
be decoupled with a capacitor to filter out wideband noise from
the reference diode (10uF of tantalum in parallel with 100nF
ceramic). However, large values of decoupling capacitor can
affect the dynamic response and stability of the reference amplifier.
A 109} resistor in series with the decoupling capacitors will
eliminate this problem without adversely affecting the filtering
effect of the capacitors. A simplified schematic of the reference
with its recommended decoupling components is shown in
Figure 7.

ADT572
TEMPERATURE
COMPENSATION 0
‘ r OAC
) S5V
i o~ Pyt
N
+
10uf
Figure 7. AD7572 Internal - 5.25V Reference
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AD7572

UNIPOLAR OPERATION

Figure 8 shows the ideal input/output characteristic for the 0 to
S volt input range of the AD7572. The designed code transitions
occur midway between successive integer LSB values (i.c.,
1/2LSB, 3/2LSBs, 5/2L$Bs . . . FS-3/2LSBs). The output code
is natural binary with 1LSB = F5/4096 = (5/4096)V =
1.2ZmV.

OUTPUT FULL SCALE
CODE TRANSITION
11,11
n...10
1"... 101
'
[ /’
1 S/ S = 5V
1
/ _ Es
' s S8 - oo
Ve
00 ... 011
00...010
00 ... 001
00...000 - = = fp———
o 1 2 3 1 FS
LS8 LSB'S LSO'S
FS ~ LS8

AN, INPUT VOLTAGE (IN TERMS OF LSB's}

Figure 8. AD7572 ideal Input/Output Transfer
Charscteristic

UNIPOLAR OFFSET AND FULL-SCALE ERROR
ADJUSTMENT

In applications where absolute accuracy it important then offset
and full-scale error can be adjusted 1o zero. Offses error must be
adjusted before full-scale error. Figure 9 shows the extra com-
ponents required for full-scaie error adjustment. Zero offset is
achieved by adjusting the offsct of the op amp driving AIN
(i.e., Al in Figure 9.). For zero offset error apply 0.61mV (i.c.,
1/2LSB) at Vpy and adjust the op amp offset voliage undil the
ADC output code flickers between 0000 0000 0000 and

0000 0000 0001.

For zero full-scale error apply an analog input of 4.99817V (i.c.,
FS-3/2LSBs or last code transition) at Vi and adjust R1 until
the ADC output code flickers between 1111 1111 1110 and
1111 1111 1111

ADOP-27
ADT1Y
0-5V
ANALOG
INPUT  V,,

AIN
| 4 AD7572*

AGNRD

* ADDITIONAL PINS OMITTED FOR CLARITY

Figure 9. Unipolar 0 to + 5V Operation with Gain Error
Adjust

REV. A -7-

BIPOLAR OPERATION

Figures 10 and 12 show how bipolar operation can be achieved
with the AD7572. Both circuits use an op-amp to offsct the
analog signal (V) by 2.5V. Alternatively, the op amp (Al) can
be replaced by a sample hold as shown in Figure 24. The op
amp transfer functions are given below:

Figure 10: AIN = (Vi + 2.5) volts
Figurc 12: AIN = (- Vin + 2.5) voits

Both circuits have an analog input range of +2.5V and an LSB
size of 1.22mV. The output codes are offset binary for Figure
10 and complementry offset binary for Figure 12. Their ideal
input/output transfer characteristics after offset and full scale
adjusunent are shown in Figurcs 11 and 13.

Signal ranges other than + 2.5V ure casily accommodated using
different values of R3 and R4 for Figure 10, and a different R2
value for Figure 12. These resistors should be chosen such that
the voltage range at AIN covers the full dynamic range (i.e., 0V
to 5V) of the ADC. All resistors should be the same type and
from the same manufacturer so that their temperature coefficients
match.

ADOP.27
R3 AD7I;
19k AD58!
ANALOG 0"
INPUT 3/
A2
619k

Al

AD7572*

e
RS 10 )’25 Vo
10uf
5 3

*ADDITIONAL PINS OMITTED FOR CLARITY
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Figure 10. AD7572 Bipolar Operation — Output Cods is
QOffset Binary
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Figure 11. Ideal Input/Output Transfer Characteristic for
the Bipolar Circuit of Figure 10
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*ADDITIONAL PINS OMITTED FOR CLARITY

Figure 12. AD?572 Bipolar Operation - Qutput Code is
Complementary Offset Binary
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Figure 13. Ideal Input-Output Transfer Characteristic
for the Bipolar Circuit of Figure 12

OFFSET AND FULL-SCALE ERROR

In most Digital Signal Processing (DSP) applications offset and
full-scale error have little or no effect on system performance. A
typical example is a digital filter, where an analog signal is quan-
tized, digitally processed and recreated using a DAC. In these
type of applications the offset error can be eliminsted by ac
coupling the recreated signal. Full-scale error effect is linear and
does not cause problems as long as the input sigpal is within the
full dynamic range of the ADC. An important paramcter in
DSP applications is Differential Nonlinearity and this is not
affected by either offset or full-scale error.

In measurement applications where absolute accuracy is required,
offset and full-scale error can be adjusted to zero as in

Figure 14.

weut O
w $
St ADOP.27
AD711
RE ¢ ADSSS
§00'S
4
R <
136
—AAA AD7572*
| s
s 00
0uF

*ADDITIONAL PINS OMITTED FOR CLARITY

Figure 14. AD7572 Bipolar Operation with Offset and
Gain Error Adjust

BIPOLAR OFFSET AND FULL-SCALE ERROR
ADJUSTMENT

The bipolar circuit of Figure 10 can be adjusted for offset and
full-scale errors, by including two potentiometers RS and R6, as
shown in Figure 14. Offset must be adjusted before full-scale
error. This is achieved by applying an analog input of 0.61mV
(1/2LSB) at V,x and adjusting RS until the ADC output code
flickers between 1000 0000 0000 and 1000 0000 0001,

For full-scale error adjusument, the analog input must be at
2.49817 volts (i.e., FS/2 — 3/2LSBs or last transition point).
Then R6 is adjusted until the ADC output code flickers between
1111 1111 1110'and 1111 1111 1111,

A similar offset and full-scale error adjustment procedure may
be employed for Figure 12 by making R1 and R2 variable.
Offset must again be adjusted before full scale error. This is
achieved by applying an analog input of 0.61mV at Vyy and
adjusting R1 until the ADC output code flickers between
0111 1111 1110 and Q111 111} 1111

For full-scale error adjust, apply a signal source of 2.49817V at
Vix and adjust R2 until the ADC output code flickers between
0000 0000 0000 and 0000 0000 0001.

REV. A
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APPLICATION HINTS

Wire wrap boards are not recommended for high resolution or
high-spced A/D converters. To obtain the best performance
from the AD7572 a printed circuit boasd is required. Layout for
the printed circuit board should ensure that digital and analog
signal lines are separated as much as possible. In particular, care
should be taken not to run any digital track alongside an analog
signal track or underneath the AD7572. The analog input should
be screened by AGND.

A single point analog ground (STAR ground) separate from the
logic system ground should be established at Pint 3 (AGND) or
as close as possible 1o the AD7572 as shown in Figure 15,

Pin 12 (AD7572 DGND) and all other analog grounds should
be connected to this single analog ground point. No other digital
grounds should be connccted to this analog ground point. Low
impedance analog and digital power supply commeon returns are
essential to low noise operation of the ADC and the foil width
for these tracks should be as wide as possible.

Noise: Input signal Icads to AIN and signal rcturn Icads from
AGND (Pin 3) should be kept as short as possible to minimize
input noise coupling. In applications where this is not possible,
a shielded cable between source and ADC is recommended.
Also, since any potential difference in grounds between the
signal source and ADC appears as an error voltage in series with
the input signal, attention should be paid to reducing the ground
circuit impedances as much as possible.

In applications where the AD7572 data outputs and control
signals are connected to 2 continuously active microprocessor
bus, it is possible to get LSB errors in conversion results. These
errors are due to feedthrough from the microprocessor to the
successive approximation comparator. The problem can be
eliminated by forcing the microprocessor into a WAIT state
during conversion (see Slow Memory Mode interfacing), or by
using three-state buffers to isolate the AD7572 data bus.

aNALOG DIGITAL
SUPPLY SUPPLY
+15V GND - 18V T
+ +, L+
<12 R 1
ala e ¢4 alnl
sampLE
DIGITAL
Pl ord AD?572 CIMCUITRY

Figure 15. Power Supply Grounding Practice

TIMING AND CONTROL

Conversion start and data read operstions are controlled by
three AD7572 digital inputs; HBEN, CS and RD. Figure 16
shows the logic structure associated with these inputs. The three
signals are internally gated so that a logic “0" is required on all
three inputs to initiate & conversion. Once initiated it cannot be
re-started until conversion is complete. Converter status is indi-
cated by the BUSY output, and this is low while conversion is

in progress.

REV. A

There are two modes of operation as outlined by the timing
diagrams of Figures 17 to 20. Slow Memory Mode is designed
for microprocessors which can be driven into a WAIT state, a
READ operation brings CS and RD low which initiates a con-
version and data s read when conversion is complete.

The sccond is the ROM Mode which does not require micro-
processor WAIT states, 3 READ operation brings CS and RD
fow which initiates a conversion and reads the previous conversion
result,

DATA FORMAT

The output data format can either be a complete parallel load
(DB11..DBO) for 16-bit microprocessors or a two byte load for
8-bit microprocessors. Data is always right justificd (i.c., LSB is
the most right-hand bit in a 16-bit word. For a two byte read,
only dataoutputs D7 . . . DO/8 are used. Byte selection is governed
by the HBEN input which controls an internal digital multiplexer.
This multiplexes the 12-bits of conversion data onto the lower
D7 ... D0/8 outputs (4 MSBs or 8 LSBs) where it can be read
in two read cycles. The 4 MSB’s always appear on D11 . . . D8
whenever the three-state output drives are turned on.

*5V

HBEN -LD a

CLEAR

o —]

N .
L ACTIVEWIGN _ o\ i81F THREE.STATE DUTPUTS
1n...080

ACTIV 011...008 - OB

L ENADLE THREE.STATE OUTPUTS
DY ...08 = D8ty .. 0B8
07...04 « LOW

D311, DO = DHIY. . LER

AD?SI2

| _o CONVERSION START
(RISING EDGE TRIGGER)

# (20

*NOTE: D11 ... D03 ARE THE ADC DATA OUTOUT PINS.
D811.. . DBO ARE THE 12-81T CONVERSION RESULTS,

Figure 16. Internal Logic for Control Inputs €S, RD and
HBEN

SLOW MEMORY MODE, PARALLEL READ (HBEN =
LOW)

Figure 17 and Table I shows the timing diagram and data bus
status for Slow Memory Mode, Parallel Read. TS and RD going
low triggers a conversion and the AD7572 acknowledges by
taking BUSY low. Data from the previous conversion appears
on the three state data ourputs. RUSY returns high at the end
of conversion when the output latches have been updated and
the conversion result is placed on data outputs D11 . . . D0/8.

SLOW MEMORY MODE, TWO BYTE READ

For a two byte read only 8 data ourputs D7 . . . DO/8 are used.
Conversion start procedure nd duta output status for the first
read operation is identical 1o Slow Memory Mode, Parallel Read.
Sec Figure 18 timing diagram and Table IT data bus status. At
the end of conversion the low data byte (DB7 . . . DBO} is read
from the ADC. A second READ operation with HBEN high,
places the high byte on data outputs D3/11 . . . D0/8 and disables
conversion start. Note the 4MSB’s appear on duta outputs

D11 . . . D8 during the two READ operations above.
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Figure 17. Slow Memory Made, Parallel Read Timing Diagram

AD7572 Data Outputs D11 }DI0 |D9 |D8 |D7 |Dé |DS | D4 | D311 |D2I0| DI% | DO
Read DB11| DB10|DBY | DB8 {DB7 {DB6 | DBS § DB4 | D83 | DB2 | DBl | DBO

Table!, SlowMemory Mode, Paraliel Read Data Bus Status
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Figure 18. Slow Memory Mode, Two Byte Read Timing Diagram

AD?7572 Data Outputs D7 |Dé (D5 ID4 |[D¥11| D210 | DI® | DOB
First Read DB7 |DB6 {DBS |DB4 [DB3 | DB2 | DBl | DBO
Second Read LOW{LOW {LOW{LOW |DBt1 | DBI0 | DBY | DBS

Tablell. Slow Memory Mode, Two Byte Read Data Bus Status

=

Sl S ) NI
1,'- --1 t I-- |,|-o- -v’ t7 |-
DATA Mt___

Figure 19. ROM Mode, Parallel Read Timing Diagram

AD7572 Data Outputs D1l |D10 |D9 |D8 D7 |Dé§ |D5 |D4 |D¥il |D2/10 | D1® | D08
First Read (Old Data) DBI1|DB10|DBY [DB8 {DB7 [DBe |DBS | DB4 |[DB3 |DB2 | DBl | DBO
Second Read DB11{DBI0O|DBY | DB DB7 |DB6 | DBS | DB4 (DB3 |DB2 | DBl | DBO

Tablelll. ROM Mode, Parallel Read Data Bus Status
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Figure 20. ROM Mode, Two Byte Read Timing Diagram

AD7572 Data Outputs D7 |Dé (D5 (D4 |D311| D10 | DI’ | DO
First Read (Old Daw) DB7 | DBe |DBS |DB4 |DB3 | DB2 | DBl | DBO
Second Read LOW|LOW {LOW|LOW |DB11 | DB10 | DB® | DBE
Third Read DB7 |DB6 {DBS |DB4 [DB3 | DB2 | DBl | DBO

TablelV. ROM Mode, Two Byte Read Data Bus Status

ROM MODE, PARALLEL READ (HBEN = LOW)

The ROM Mode avoids placing a microprocessor into 8 wait
state. A conversion is started with a READ opcration and the
12-bits of data from the previous conversion is available on data
outputs D11 . .. DO/8 (see Figure 19 and Table IIT). This data
may be disregarded if not required. A second READ operation
reads the new data (DB11 . . . DBO0)and starts another conversion.
A delay at least as long as the AD7572 conversion time must be
allowed between READ operations.

ROM MODE, TWO BYTE READ
As previously mentioned for a two byte read, only data outputs

. D0/8 arc uscd. Conversion is started in the normal way
with a READ operation and the data output status is the same
as the ROM Mode, Parallel Read. See Figure 20 timing disgram
and Table IV data bus status. Two more READ operations are
required to access the new conversion result. A delay equal o
the AD7572 conversion time must be aliowed between conversion
start and the second data READ operation. The second READ
aperation, with HBEN high, disables conversion start and places
the high byte (4MSBs) on dawa outputs D3/11 . . . D0O/8. A
third READ operation accesses the low data byte (DB7 . . .
and starts another conversion. The 4MSB’s appear on daw
outputs D11 . . . D8 during all three read operations above.

DBO0)

MICROPROCESSOR INTERFACING

The AD7572 is designed to interface with microprocessors as &
memory mapped device. The CS and RD contral inputs are
common 1o all peripheral memory interfacing. The HBEN input
serves as 2 data byte select for 8-bit processors and is normally
connected to the microprocessor address bus,

REV. A

MC68000 Microprocessor

Figure 21 shows a typical interface for the 63000. The AD7572
is operating in the Slow Memory Mode. Assuming the AD7572
is located at address C000, then the following single 16-bit MOVE
instruction both starts a conversion and reads the conversion
result,

Move. W $C000,DD0

At the beginning of the instruction cycle when the ADC address
is selected, BUSY and CS assert DTACK, so that the 68000 is
forced into a WAIT statc. At the cnd of conversion BUSY
returns high and the conversion result is placed in the DO register
of the UP.

A23
ADDRESS 8US ‘S
Al
g >

TR ADDRESS
As B ‘oecope
MC68000 AD7572*
5TRER __Gt.—l——-—_. s
) 8uUSY
ol L on
DATA BUS
00 Do'8
N MBEN

*LINEAR CIRCUITRY OMITTED FUR CLARITY

v

Figure 21. AD7572 - MC68000 interface
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8085A, Z80 MICROPROCESSOR

Figure 22 shows an AD7572 interface for the 280 and 8085A.
The AD7572 is operating in the Slow Memory Modc and a two
byte read is required. Not shown in the figurce is the 8-bit latch
required 10 demultiplex the 8085A common address/data bus.
A0 is used to assert HBEN, so that an even address (HBEN =
LOW) to the AD7572 will start a conversion and read the low
data byte. An odd address (HBEN = HIGH) will read the high
data byte. This is accomplished with the single 16-bit LOAD
instruction below.

For the 8085A LHLD(B000) -
Forthe 280 LD HL, (BOOD)

This is a two byte read instruction which loads the ADC data
(address BO0OD) into the HL register pair. During the first read
operation, BUSY forces the microprocessor to WAIT for the
AD7572 conversion. No WAIT states are inserted during the
second read operation when the microprocessor is reading the
high data bytc.

A3
ADDRESS BLIS 3
. 1C T
WES I ADDRESS HBEN
DECODE AD7572¢
- .
2085A 3
WAIT BUSY
[ RD
oA b7
DATA 8US
oo N o

“LINEAR CICUYTRY OMITTED FOR CLARITY

L

Figure 22. AD?7572 - 8085A/280 Interface

TMS32010 MICROCOMPUTER

Figure 23 shows an AD7572-TM$32010 interface. The AD7572
is operating in the ROM Mode. The interface is designed for a
maximum TMS$32010 clock frequency of 18MHz but will typically
work over the full TMS32010 clock frequency range,

The AD7572 is mapped at a port address. The following 1‘O
instruction starts a conversion and rcads the previous conversion
result into data memory.

INAPA (PA = PORT ADDRESS)

When conversion is complete, a second /O instruction reads the
up-to-date data into data memory and starts another conversion.
A delay at least as long as the ADC conversion rime must be
allowed between 1/Q instructions.

-12-

PA2
PORT ADDHESS AUS }
PAD el
BEN = ADDRESS r
OEN &N ‘pecoot cs
TMS32010 R0 ADIS72*
on ‘D11
OATA BUS
0o "
oo HBEN

v

>

*LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 23. AD7572 - TMS32010 Interface

AD7572.AD585 SAMPLE-HOLD INTERFACE

Figure 24 shows an ADS8S5 sample-hold amplifier driving the
AIN input of the AD7572. The interface contains resistors R1,
R2, R3 and R4 to allow a bipolar input signal range of +2.5
volts. The maximum sampling frequency is 125kHz for the
AD7572XX05 (Sus conversion) and 64.5kHz for the
AD7572XX12 (12.5us conversion). This includes the sample-hold
amplifier acquisition time (3us).

When an AD7572 conversion is initiated, the converter BUSY
output goes low indicating conversion is in progress. The falling
edge of this BUSY output signal places the sample-hold amplifier
into the HOLD mode ““freezing” the input signal to the AD7572.
When conversion is finished, the BUSY output returns HIGH
allowing the sample-hold to track the input signal. To achicve
the maximum sampling ratc, the AD7572 output data must be
read within 3ps immediately afier conversion while the sample-
hold amplifier is acquiring the next sample.

ANALOG
INPUT
~TIVTO 2%V

X
L

SADDITIDNAL MNE DMTTRD FON CLANTY

Figure 24. AD7572 - ADS85 Sample-and-Hold Interface
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
24-Pin Plastic (Suffix N) 24-Pin Ceramic (Suffix Q)
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