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FEATURES
Improved AD7572
Faster Conversion Time
AD7572AXX03: 3 us
AD7572AXX10: 10 ps
5V and —12 V or —15 V Power Supply Operation
Better Offset and Gain Error Specifications
Extended Plastic Temperature Range
(—40°C to +85°C)
Low Power: 100 mW
Small 24-Pin, 0.3” Wide DIP and
SOIC DIP Packages

GENERAL DESCRIPTION

The AD7572A is an enhanced replacement for the industry stan-
dard AD7572. Improvements include faster conversion times of
3 s for the AD7572AXX03 and 10 ps for the AD7572AXX10.
The required power supplies are 5 Vand —12 Vor —~15 V.,
Additional features are better offset and gain error specifications
over the original AD7572.

The AD7572A is a complete 12-bit ADC that offers high speed
performance combined with low, CMOS power levels. The part
uses an accurate, high speed DAC and comparator in a
successive-approximation loop to achieve a fast conversion time.
An on-chip buried Zener diode provides a stable reference volt-
age 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
required for basic operation of the AD7572A are decoupling
capacitors for the supply voltages and reference output.

The AD7572A 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 (CS) signals.
Interface timing is sufficiently fast to allow the AD7572A to
operate with most microprocessors, with three-state enable times
of only 90 ns and bus relinquish times of 75 ns.

The AD7572A 1s fabricated in Analog Devices Linear Compati-
ble CMOS process (LC2MOS), an advanced all ion-implanted
process that combines fast CMOS logic and linear, bipolar cir-
cuits on a single chip, thus achieving excellent linear perfor-
mance while retaining low CMOS power levels.

PRODUCT HIGHLIGHTS

1. Fast Conversion Time
Fast, 3 us and 10 s conversion times make the AD7572A
ideal for DSP applications and wideband data acquisition
systems.

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices.

Complete, High peed 12-Bit ADC
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PMI ADI MAXIM

Order P/N Below Equivalent P/N

PMAD7572AJNO3 AD7572AJNO3 MAX162BCNG
PMAD7572ALNO3 AD7572ALNO3 MAX162ACNG
PMAD7572AAN03 AD7572AANO3 MAX162BING
PMAD7572AAQ03 AD7572AAQ03

PMAD7572AJR03 AD7572AJR03 MAX162BCWG
PMAD7572ALR03 AD7572ALR03 MAX162ACWG
PMAD7572AAR03 AD7572AAR03

PMAD7572AJN10 AD7572AJN10 MAX172BCNG
PMAD7572ALN10 AD7572ALN10 MAX172ACNG
PMAD7572AAN10 AD7572AAN10 MAX172BENG
PMAD7572AR10 AD7572AR10 MAX172BCWG
PMAD7572AJN10 AD7572JN12

PMAD7572ALN10 AD7572LN12

PMAD7572AAN10 AD7572AQ12

2. Wide Power Supply Range
The AD7572A operates from 5 Vand —12 Vor —15V
power supplies.

3. Microprocessor Interface
Fast, easy-to-use digital interface has three-state bus access
times of 90 ns and bus relinquish times of 75 ns allowing the
AD7572A 1o interface to most microprocessors.

4. Low Power
LC?MOS circuitry gives low power drain (100 mW) from
+5, —12 volt supplies.

5. 24-pin 0.3” DIP and SOIC packages offer space saving over
parts in 28-pin 0.6” DIP.
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SPECIFICATIONS

(Vpp = +5V £5%, Vg = —11.4 Vto —16.5V, AGND = DGND = 0V, f,,: 4.0 MHz for
AD7572AXX03, 1.25 MHz for AD7572AXX10. All Specifications T, to T,,,, unless otherwise noted.

Specifications apply to Slow Memory Mode.)

J,A L S
Parameter Versions! Version! Version! Units Test Conditions/Comments
ACCURACY
Resolution 12 12 12 Bits
Integral Nonlinearity (@ 25°C *1 +1/2 *1 LSB max
Tonin 10 Troax *1 +1/2 +1 L.SB max
Differential Nonlinearity + +1 ~1 LSB max
Minimum Resolution for Which No i
Missing Codes Are Guaranteed 12 12 12 Bits
Offset Error @ 25°C +2 +2 +2 LSB max !
T min 10 Tk *4 *4 *4 L.SB max i Tvpical Change over Temp is =1 LSB
Full Scale (FS) Error? @ 25°C +8 *8 *8 LSB max FS =5V
Full Scale TC** 45 25 45 ppm/°C max Ideal Last Code Transition = FS —3/2 LSBs
ANALOG INPUT
Input Voltage Range 0t +5 010 +5 0t +5 Volrs . For Bipolar Operation See Figures 10
Input Current 3.5 3.5 3.5 mA max and 12
INTERNAL REFERENCE VOLTAGE
Vger Output @ 25°C -5.2/-5.3 —5.2/-5.3 —5.2/-5.3 V min/V max 525V =1%
Vger Output TC 40 20 40 ppr/°C tvp External Load Should Not
Output Current Sink Capability 550 S50 550 wA max Change During Conversion
POWER SUPPLY REJECTION
Vip Only +1/2 +1/2 =1/2 LSB tvp FS Change, V(g — =12 Vor —15V
Vo = 45V 5.5V
Vs Only +1/2 +1/2 +1/2 LSB tvp FS Change, Vj,,, = 5V
Vs = —114 Vo 165V
LOGIC INPUTS
CS, RD, HBEN, CLK IN
Vines Input Low Voltage +0.8 +0.8 +0.8 V max ' Vpp = 5V =23%
Vinns Input High Voltage +2.4 +2.4 +2.4 V min ;
Ci» Input Capacitance® 10 10 10 pF max |
CS, RD, HBEN
Iins Input Current =10 =10 =10 wA max Vi 0V o Vpp
CLK IN
Iins Input Current +20 =20 =20 wA max Vixn =0V 1o Vyp
LOGIC OUTPUTS
D11-D0/8, BUSY, CLK OUT
Vor., Output Low Voltage +0.4 +0.4 ~0.4 V max Iivk = 1.6 mA
Vou Output High Voltage +4.0 +4.0 +4.0 V min Liovrce = 200 pA
D11-D0/8
Floating-State Leakage Current +10 +10 =10 RA max
Floating-State Output Capacitance® 15 15 15 pF max
CONVERSION TIME
AD7572AXX03
Synchronous Clock 3.125 3.125 3125 ps max . foix = 4 MHz. See Under
Asynchronous Clock 3/3.25 3/3.25 3/3.25 ws min/ps max | Control Inputs Svnchronization
AD7572AXX10
Synchronous Clock 10 10 - WS max terx = 1.25 MHz
Asynchronous Clock 9.6/10.4 9.6/10.4 - WS min/ps max
POWER REQUIREMENTS
Von -5 +5 -5 V nom =5% for Specified Performance
Vs -12t0-15, —-12w —-15}] -12tw0 ~15 ! V nom —11.4 Vo —16.5 V for Specified Performance
Ipp® 4 4 7 mA max CS=RD = V;,;,, AIN =5V
Igs® 9 9 12 mA max CS=RD = Vpp, AIN = 5V
Power Dissipation 100 100 120 mW typ Veg = - 12V
128/155 128/155 179/215 mW max Vg = —12V/=15V

NOTES

'Temperature ranges are as follows: J, L Versions, 0 to +70°C; A Version, —40°C to ~85°C; S Version, —55°C 0 ~125°C.

’Includes internal voltage reference error.

*Full-Scale TC = AFS/AT where AFS is Full-Scale change from T, =

‘Includes internal voltage reference drift.
*Sample tested to ensure compliance.

~25°Cto T,,,or T

min max*

SPower supply current is measured when the AD7572A is inactive, i.e., CS = RD = BUSY = HIGH.
Specifications subject to change without notice.
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TIMING CHARACTERISTICS' ,, = 5v + 5% v, = —114 V10 —165 V)

This Materi al

Limit at +25°C | Limitat T, T ., | Limit at T, , T ..
Parameter | (All Grades) {J, L, A Grades) (S Grade) Units Conditions/Comments
t 0 0 0 ns min | CS to RD Setup Time
t, 190 230 270 ns max | RD to BUSY Propagation Delay
ts? 90 110 120 ns max | Data Access Time after RD, C; =20 pF
125 150 170 ns max | Data Access Time after RD, C; =100 pF
t, t3 ty t3 ns min | RD Pulse Width
ts 0 0 0 ns min | CS to RD Hold Time
12 70 90 100 ns max | Data Setup Time after BUSY
t,° 15 15 15 ns min | Bus Relinquish Time
75 85 90 ns max
tg 0 0 0 ns min | HBEN to RD Setup Time
1o 0 0 ' 0 ns min | HBEN to RD Hold Time
tio 200 200 200 ns min ; Delay Between Successive
Read Operations
NOTE

'Timing Specifications are sample tested at ~25°C to ensure compliance. All input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and

timed from a voltage level of 1.6 V.

’ty and t, are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V.
*t, is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2.

Specifications subject to change without notice.
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Figure 1. Load Circuits for Access Time

5V
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a. Vo to High-Z2
Figure 2. Load Circuits for Output Float Delay

ABSOLUTE MAXIMUM RATINGS*

(T, — +25°C unless otherwise noted)

VopoDGND ... ... ... .. ........ 03Vt +7V
VestoDGND ... ... .. ... .. .. .... +0.3Vito —-17V
AGNDtwoDGND . .............. -0.3V,Vpp + 03V
AINtwAGND . ................... =15V +15V

Digital Input Voltage to DGND
(CLK IN, HBEN, RD, CS)
Digital Output Voltage to DGND
(D11-D0/8, CLK OUT, BUSY)
Operating Temperature Range
Commercial (J, L Versions)
Industrial (A Version)
Extended (S Version)
Storage Temperature

—03V,Vpp +0.3V

—0.3V, Vpp +0.3V

0 to +70°C

—40°C to +85°C
—55°C to +125°C
—65°C 10 +150°C

Lead Temperature (Soldering, 10 secs) ... ... ..... +300°C
Power Dissipation (Any Package) to +75°C . ... .. 1,000 mW
Derates above +75°Cby . ................. 10 mW/°C

*Stress above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other condition above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.

CAUTION:

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected;
however, permanent damage may occur on unconnected devices subjected to high energy elec-
trostatic fields. Unused devices must be stored in conductive foam or shunts. The foam should

be discharged to the destination socket before devices are removed.

WARNING!
=

ESD SENSITIVE DEVICE
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24-Pin Plastic DIP (N-24)

ANAANANNANAND

OUTLINE

DIMENSIONS

Dimensions shown in inches and (mm).

0.260 > 0.001
{6.61 =0.03)
L]
1.228({31.19} 0.32(8.128)
1.226(31.14} 0.30(7.62)
- \ 0130330
0.128(3.25}
SEATING ¥
eane — (TUTH U TUUU0 =0
0.011(0.28)
0.009(0.23)
0.02 (0.5} 0.11{2.79) 0.07{1.78) 15
00160041} 0.09({2.28) 0.05(1.27) [)
NOTES

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

2. PLASTIC LEADS WILL BE EITHER SOLDER DIPPED OR TIN/LEAD
PLATED IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS

24-Pin Cerdip (Q-24)

T I o O s O e O e N e O o e 2 s S o O o

0.225

0.320 (8.128)
0.290(7.366)

5.715}

¥ e

0.021(0.533
0.015(0.381)
TYP

MAX MAX
SEATING __¥ A\ N\
PLaNe “oazs {0 =W -7
@75 0.070(1.778
.020{0.508)

0.012 {0.305]
0.008{0.203)
TYP

0.110 (2 794/ 0.065(1.651
0.030 (2.286) 0.055 (1 337) L

NOTES

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

2. CERDIP LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED
IN ACCORDANCE WITH MIL-M-3851¢ REQUIREMENTS.

24-Pin Plastic SOIC (R-24)

0.414 (1052
0398 (10.10)

TQHHHHHHHHHHHS

0.299 (7.6}
0.291{7.39)

12

-

L HAHHEHEEEHEHTH

0.608 (15.45)
0596 {15.13)

| |
Toosgooonoeal,

0.08 (1.27)
0.014 {0.35)

1. LEAD NO. 1 IDENTIFIED BY A DOT.

2. SOIC LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS

CONVERSION TIME = 3 ps

0.019 {0.49

0.098 (2.4) 0.03 (0.76)
0.083 (2 76} 0.02 (0.51)

0.01 (0.254)

01066 10.15)

ORDERING INFORMATION

Full-Scale | Accuracy
TC Grade 0 to +70°C —40°C to +85°C | —55°C to +125°C
Plastic DIP Plastic DIP Hermetic! DIP
45 ppm/°C | =1 LSB AD7572AJNO03 | AD7572AANO03 AD7572ASQ03
25 ppm/°C | =172 LSB | AD7572A1N03
Hermetic DIP
45 ppm/°C | =1 LSB AD7572AAQ03
SOIC? SOIC?
45 ppm/°C | =1 LSB AD7572AJR03 AD7572AAR03
25 ppm/°C | =1/2 LSB | AD7572ALR03

CONVERSION TIME = 10 ps

This Materi al

Full-Scale | Accuracy

TC Grade 0 to +70°C —40°C to +85°C
Plastic DIP Plastic DIP

45 ppm/°C { +1 LSB AD7572AJN10 AD7572AAN10

25 ppm/°C} +1/2 LSB| AD7572ALNI10
SOIC?

45 ppm/°C | =1 LSB AD7572AJR10

NOTES

0.013 {0.32]
&
[

0.042 (1067)
0018 {0.457)

1AD7572ASQ03 will be available to /883B processing only. Contact your local sales office for release information.

*Small Outline IC.

—4-
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PIN FUNCTION DESCRIPTION

Pin No. Mnemonic Description

1 AIN Analog Input.

2 VREF Voltage Reference Output. The AD7572A has its own internal —5.25 V reference.
3 AGND Analog Ground.

4...11 D1l... D4 Three State Data Outputs. They become active when CS and RD are brought low.
13...16 D3/11 ... D0/8  Individual pin function is dependent upon High Byte Enable (HBEN) Inpur.

DATA BUS OUTPUT, CS & RD = LOW
Pin4 |Pin5 [Pin6 {Pin7 {Pin 8 |Pin 9 |Pin 10 |Pin 11 | Pin 13 |Pin 14 |Pin 15 |Pin 16
MNEMONIC* iD1l (D10 [D9 {D8 D7 |D6 |D5 (D4 |D311 (D210 |DI/9 |Doss
HBEN = LOW |DBI11 {DB10 |DBY |DB8 {DB7 |DB6 |DB5 |DB4 |DB3 |DB2 |DBI .|DBo

HBEN = HIGH |DB11 {DB10 {DB9 'DB8 {LOW {LOW {LOW [LOW |DBIl1 |DB10 {DB9 {DBS

NOTES
*DI11 . .. D0/8 are the ADC data output pins.
DBI1 ... DBO are the 12-bit conversion results, DBI11 is the MSB.

12 DGND Digital Ground.

17 CLK IN Clock Input Pin. An external TTL compatible clock may be applied to this pin. Alternatively,
a crystal or ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT
(Pin 18).

18 CLK OUT Clock Output Pin. An inverted CLLK 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 . . . D0/8 outputs (4 MSBs 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 are low.

21 CS 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.

22 BUSY BUSY Output indicates converter status. BUSY is LOW during conversion.

23 Vs Negative Supply, —12 Vo —15 V.

24 Vob Positive Supply, +5 V. OPERATIONAL DIAGRAM

An operational diagram for the AD7572A is shown in Figure 3.
The AD7572A is a 12-bit successive approximation A/D con-

PIN CONFIGURATION verter. The addition of just a crystal/ceramic resonator and a few
capacitors enables the device to perform the analog-to-digital
function.

] 070 +5v

am [1] e [24] vou AN o
VREF E E VSS vnﬂg;}iga‘r O . O —-12vto -15V
AGND E _z__z] BUSY RusY
D11 E E cs P
= =) o taumor
D9 E AD7572A E_] HBEN
TOP VIEW
ps [7] (Notto Scale) 18] cik out
D7 E E CLKIN
D6 E E D08
DS E E D19
D4 1 E D210
oenp [12] Eozm bbbdsddd

‘— nP DATA BUS *———‘
NOTES

AD7672AXX03 - 4.0 MHz CRYSTAL/CERAMIC RESONATOR

AD7572AXX10 - 1.25 MHz CRYSTAL/CERAMIC RESONATOR

€1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC RESONATOR
MANUFACTURER. TYPICAL VALUES ARE FROM 30 to 100 pF.

Figure 3. AD7572A Operational Diagram
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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 restarted.

During conversion, the internal 12-bit voltage mode DAC out-
put 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 to the comparator input via 2.5 k().
The DAC which has a similar 2.5 kQ output impedance con-
nects to the same comparator input. Bit decisions are made by
the comparator (zero crossing detector) which checks the addi-
tion of each successive weighted bit from the DAC output. The
MSB decision is made 80 ns (typically) after the second falling
edge of CLK IN following a conversion start. Similarly, the suc-
ceeding bit decisions are made approximately 80 ns 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 loaded into a 12-bit latch.

COMPARATOR

e
i
Dt

SAR

4 b

12-BIT
LATCH

AD7572A

Figure 4. AD7572A AIN Input

46,

e Y Sy A S A
s\ 53 /

! ! ! }

DB11 DB10 DB1 DBO
{MsSB} (LSB)

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 to
13 CLK IN periods. This is because the ADC waits for the first
falling CLLK IN edge after conversion start before the conversion
procedure begins. Without synchronization, this delay can vary
from zero to an entire clock period. If a constant conversion
time is required, then the following approach ensures a fixed
3.125 ps conversion time for the AD7572AXX03 and 10 us for
the AD7572AXX10: when initiating a conversion, RD must go
low on either the rising edge of CLLK 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., 4 MHz when CLK IN = 4 MHz). The analog input volt-
age must remain fixed during this period and as a result must be
driven from an op amp or sample-and-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 fre-
quency of interest.

Suitable devices capable of driving the AD7572A AIN input
are the AD845 op amp or the ADS85 sample-and-hold.

INTERNAL CLOCK OSCILLATOR

Figure 6 shows the AD7572A 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/resonator may be omitted
and an external clock source may be connected to CLK IN. For
an external clock the mark/space ratio can vary from 45/55 to
55/45. An inverted CLK IN signal will appear at the CLK OUT
pin as shown in the operating waveforms of Figure 5.

AD7572A

p—=— CLOCK

NOTES

AD7572AXX03 - 4.0 MHz CRYSTAL/CERAMIC RESONATOR.

AD7572AXX10 - 1.25 MHz CRYSTAL/CERAMIC RESONATOR.

C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC RESONATOR
MANUFACTURER. TYPICAL VALUES ARE FROM 30 to 100 pF.

Figure 6. AD7572A Internal Clock Circuit

INTERNAL REFERENCE

The AD7572A has an on-chip, buffered, temperature-
compensated, buried Zener reference, which is factory trimmed
to —5.25 V =1%. It is internally connected to the DAC and is
also available at Pin 2 to provide up to 550 pA current to an
external load.

For minimum code transition noise the reference output should
be decoupled with a capacitor to filter out wideband noise from
the reference diode (10 wF of tantalum in parallel with 100 nF
ceramic). Some applications will use the AD7572A as an
upgrade replacement for the AD7572. The recommended refer-
ence decoupling for the AD7572 differs from the AD7572A in
that it contains an additional 10 Q) resistor in series with the
capacitors. This resistor makes no difference to the performance
of the 10 us version of the AD7572A, but it does adversely
affect the linearity performance of the 3 ps version. So, applica-
tions using the AD7572A as a 3 ws upgrade of the AD7572
must replace the 10 ) reference resistor with a wire link.

AD7572A

TEMPERATURE |
COMPENSATION To
L ™ pac
P -5.25V

_1s5v AGND LXWF

(D e
+

10uF

Figure 7. AD7572A Internal —5.25 V Reference
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UNIPOLAR OPERATION

Figure 8 shows the ideal input/output characteristic for the 0 to
5 volt input range of the AD7572A. The designed code transi-
tions occur midway between successive integer LSB values (i.e.,
1/2 LSB, 3/2 LSBs, 5/2 LSBs . . . FS§-3/2 LSBs). The output
code is natural binary with 1 LSB = FS$/4096 = (5/4096) V =
1.22 mV.

OUTPUT FULL SCALE
CODE TRANSITION
1111 \
11...110
11...101
1
| /
Vs
1 7/ FS = 5V
, -~ 1tse = £5
1 ’ = 1536
s, 4096
00...011
00...010
00...001
00 ...000 ——__..__.._',_'_,_,

o 1 2 3
LSB LSB'S LSB'S

f FS
FS —1LSB
AIN, INPUT VOLTAGE (IN TERMS OF LSB's)

Figure 8. AD7572A Ideal Input/Output Transfer
Characteristic

UNIPOLAR OFFSET AND FULL-SCALE ERROR
ADJUSTMENT

In applications where absolute accuracy is important then offset
and full-scale error can be adjusted to zero. Offset error must be
adjusted before full-scale error. Figure 9 shows the extra compo-
nents required for full-scale error adjustment. Zcro offset is
achieved by adjusting the offset of the op amp driving AIN
(i.e., Al in Figure 9.). For zero offset error apply 0.61 mV (i.e.,
1/2 LSB) at Vy; and adjust the op-amp offset voltage until the
ADC output code flickers between 0000 0000 0000 and

0000 0000 0001.

BIPOLAR OPERATION

Figures 10 and 12 show how bipolar operation can be achieved
with the AD7572A. Both circuits use an op amp to offset the
analog signal (V) by 2.5 V. 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 = (Vy + 2.5) volts
Figure 12: AIN = (—V + 2.5) volis

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

Signal ranges other than =2.5 V are easily 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.,

0 Vo5 V) of the ADC. All resistors should be the same type
and from the same manufacturer so that their temperature coef-
ficients match.

R3 ADB845
6.19k AD585
ANALOG
INPUT
R2
6.19k
| hhd AD7572A*
R4 S < R1
13k S 13k
/2> VRer
0.1uF 10pF

*ADDITIONAL PINS OMITTED FOR CLARITY

Figure 10. AD7572A Bipolar Operation — Output Code
is Offset Binary

For zero full-scale error apply an analog input of 4.99817 V Mmoo+
(i.e., FS-3/2 LSBs or last code transition) at Vy and adjust R1 ]
until the ADC output code flickers between 1111 1111 1110 and mener :
1111 1111 1111. 4 - |
100...010 + 1
1 I
AD845 100...001 4 o v2Lse |
0-5V AD585 5= |
ANALOG O 100. .. 000 —4 §— £ 5 L
INPUT  Vin I +FS
| 5= -1LsB
011... 111 «-: L 12LSE
011...110 4
;'J: GF £S = 5V
I
000 ...001 -+,
I 1LSB = ‘%
000...000 4
+ ADDITIONAL PINS OMITTED FOR CLARITY cc C ce
,r ov r 4

Figure 8. Unipolar 0 to +5 V Operation with Gain Error Vin, INPUT VOLTAGE

Adjust Figure 11. Ideal Input/Output Transfer Characteristic for

the Bipolar Circuit of Figure 10

-7-
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R3
6.19k

AD7572A*
0.1uF

*ADDITIONAL PINS OMITTED FOR CLARITY

Figure 12. AD7572A Bipolar Operation - Output Code is
Complementary Offset Binary

M.
I
1M11...110 |
111...101 :
| FS = 5V oy
100 . .. 001 |
|
100 . .. 000 1
' *Z_FS ~1Lse
011 ... 111 ’__‘__
—FS |
011...110 2 |
011...101 | R
| v
000...010 |
000 . ..001 :
000 . .. 000

oV
Vin. INPUT VOLTAGE

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 processéd and recreated using a DAC. In these
types of applications the offset error can be eliminated by ac
coupling the recreated signal. Full-scale error effect is linear and
does not cause problems as long as the input signal is within the
full dynamic range of the ADC. An important parameter 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.

ANALOG

8-

INPUT
R3
6.19k
AD845
i ADS585
R2
6.19Kk
VWA~ AD7572A*
R1 RS
13kg 500
0.1pF

*ADDITIONAL PINS OMITTED FOR CLARITY

Figure 14. AD7572A 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 R5 and R6, as
shown in Figure 14. Offset must be adjusted before full-scale
crror. This is achieved by applying an analog input of 0.61 mV
(1/2 LSB) at V; and adjusting RS until the ADC output code
flickers between 1000 0000 0000 and 1000 0000 0001.

For full-scale error adjustment, the analog input must be at
2.49817 volts (i.e., FS/2 -3/2 LSBs 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. Off-
set must again be adjusted before full scale error. This is
achieved by applying an analog input of 0.61 mV at V and
adjusting R1 until the ADC output code flickers between

0111 1111 1110 and O111 1111 1111.

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

Wire wrap boards are not recommended for high resolution or
high speed A/D converters. To obtain the best performance
from the AD7572A a printed circuit board is required. Layout
for the printed circuit board should ensure that digital and ana-
log 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 AD7572A. 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 Pin 3 (AGND) or
as close as possible to the AD7572A as shown in Figure 15. Pin
12 (AD7572A DGND) and all other analog grounds should be
connected to this single analog ground point. No other digital
grounds should be connected to this analog ground point. Low
impedance analog and digital power supply common 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 leads to AIN and signal return leads 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 the signal source and the ADC is rec-
ommended. 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 AD7572A data outputs and control
signals are connected to a 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 clim-
inated by forcing the microprocessor into a WAIT state during
conversion (see Slow Memory Mode interfacing), or by using
three-state buffers to isolate the AD7572A data bus.

ANALOG DIGITAL
SUPPLY SUPPLY
Voo GND Vgg +5V C
/
+ + + +, + +
co-Ce alaaly 3 23
Fe-il-¢ slaals I H
)
CIRCUITRY AD7572A GIRCUITRY

Figure 15. Power Supply Grounding Practice

TIMING AND CONTROL

Conversion start and data read operations are controlled by threc
AD7572A digital inputs; HBEN, CS and RD. Figure 16 shows
the logic structure associated with these inputs. The three sig-
nals are internally gated so that a logic “0” is required on all
three inputs to initiate a conversion. Once initiated it cannot be
restarted until conversion is complete. Converter status is indi-
cated by the BUSY output, and this is low while conversion is
in progress.

-9-

There are two modes of operation as outlined by the timing dia-
grams 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 is read when conversion is complete. The sec-
ond is the ROM Mode which does not require microprocessor
WAIT states, a READ operation brings CS and RD low 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 justified (i.e.,
LSB is the most right-hand bit in a 16-bit word). For a two byte
read, only data outputs D7 . . . D0/8 are used. Bytc 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 MSBs always appear on

D11 ... D8 whenever the three-state output drivers are turned
on.
+5V
AD7572A* A[
CONVERSION START
HBEN (8 D a (RISING EDGE TRIGGER)
s fFLIP
FLOP
RD (20
CLEAR
% BUSY —j
A E HI:
CTIVI GH ENABLE THREE-STATE OUTPUTS
D11...D0/8 = DB11...DBO
ACTIVE HIGH
ENABLE THREE-STATE QUTPUTS
D11...D8 = DB11...DB8
D7 ...D4 = LOW
D3:11 Do/8 = DB11 []:}:]

*NOTE: D11...D0/8 ARE THE ADC DATA OUTPUT PINS.
DB11... DBO ARE THE 12-BIT CONVERSION RESULTS.
Figure 16. Internal Logic for Control Inputs CS, RD and
HBEN

SLOW MEMORY MODE, PARALLEL READ (HBEN =
LOW)

Figure 17 and Table I show the timing diagram and data bus
status for Slow Memory Mode, Parallel Read. CS and RD going
low triggers a conversion and the AD7572A acknowledges by
taking BUSY low. Data from the previous conversion appears
on the three state data outputs. BUSY 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 outputs D7 . . . D0/ are used.
Conversion start procedure and data output status for the first
read operation is identical to Slow Memory Mode, Parallel
Read. See Figure 18 timing diagram and Table II data bus sta-
tus. At the end of conversion the low data byte (DB7 . . . DB0)
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 4MSBs appear on data out-
puts D11 . . . D8 during the two READ operations above.
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Figure 17. Slow Memory Mode, Parallel Read Timing Diagram

AD7572A Data Outputs | D11 D10 D9 DS D7 Dé6 D5 D4 D3/11 | D2/10 | D1/9 | D0/8
Read DB11} DBI10 { DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 DB2 DB1 | DBO
Table I. Slow Memory Mode, Parallel Read Data Bus Status

A\ I} A\
—>l tg I‘ to I—— F‘g—( ‘I (9“‘
cs }k
Sy b= *lt.}._‘,_.ik*
s ) / __
"'I t, }"— teony |‘— tio |
BUSY ,] } ‘I
tgl* —-—|t(,l—<— h}“— ——] |- t,l—-
DATA { OLD DATA j NEWDATA % NEW DATA
DB7-DBO pB7-DBO J DB11-DB8
Figure 18. Slow Memory Mode, Two Byte Read Timing Diagram
AD7572A Data Qutputs | D7 D6 D5 D4 D3/11 { D2/10 | D1/9 | D0/8
First Read DB7 DB6 DBS DB4 DB3 DB2 DB1 | DBO
Second Read LOW | LOW | LOW | LOW | DB11 | DB10 | DB9 | DB8
Table ll. Slow Memory Mode, Two Byte Read Data Bus Status
cs
’Ihl‘—u——l t5l—l— -—I ty |—-—t4——| tsl—t
RD }s ’l Ss %
J ty '4—— 'comv‘.ﬁ ‘l t2 |l teony i
BUSY * % % \ f
t3 |- )' t; l* t3|<— fl t; ‘<
e T
Figure 19. ROM Mode, Parallel Read Timing Diagram
AD7572A Data Outputs | D11 D10 D9 D8 D7 D6 DS D4 D3/11 | D2/10 | D1/9 | D0/8
First Read (Old Data) DBI11 { DB10 | DBS | DB8 | DB7 | DB6 | DBS | DB4 | DB3 DB2 DB1 | DBO
Second Read DBI11 | DB10 { DB9 | DB8 | DB7 | DB6 | DBS { DB4 | DB3 DB2 DB1 | DBO

Table Ill. ROM Mode, Parallel Read Data Bus Status

This Material Copyrighted By Its Respective Manufacturer
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Figure 20. ROM Mode, Two Byte Read Timing Diagram

:

 AD7572A Data Outputs

D7

' Dé

D5

g i s L e i

D311 D210 D19 DO

 First Read (Old Data)
i Second Read
. Third Read

ROM MODE, PARALLEL READ (HBEN = LOW)

The ROM Mode avoids placing a microprocessor into a wait
state. A conversion is started with a READ operation, and the
12-bits of data from the previous conversion are available on
data outputs D11 . . . D0/8 (see Figure 19 and Table III). This
data may be disregarded if not required. A second READ opera-
tion reads the new data (DB11 . . . DB0) and starts another
conversion. A delay at least as long as the AD7572A conversion
time must be allowed between READ operations.

ROM MODE, TWO BYTE READ

As previously mentioned for a two byte read, only data outputs
D7 ... D0/8 are used. 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 dia-
gram and Table IV data bus status. Two more READ opera-
tions are required to access the new conversion result. A delay
equal to the AD7572A conversion time must be allowed be-
tween conversion start and the second data READ operation.
The second READ operation, with HBEN high, disables con-
version start and places the high byte (4 MSBs) on data outputs
D3/11 . . . D0/8. A third READ operation accesses the low data
byte (DB7 . . . DBO) and starts another conversion. The 4MSBs
appear on data outputs D11 . . . D8 during all three read opera-
tions above.

MICROPROCESSOR INTERFACING

The AD7572A is designed to interface with microprocessors as a
memory mapped device. The CS and RD control inputs are
common to all peripheral memory interfacing. The HBEN input
serves as a data byte select for 8-bit processors and is normally
connected to the microprocessor address bus.

This Material Copyrighted By Its Respective

Table IV. ROM Mode, Two Byte Read Data Bus Status

_ DB3 DB2 DBI
DBl DBIO

MC68000 Microprocessor

Figure 21 shows a typical interface for the 68000. The
AD7572A is operating in the Slow Memory Mode. Assuming
the AD7572A is located at address C000, then the following sin-
gle 16-bit MOVE instruction both starts a conversion and reads
the conversion result.

Move. W $C000,D0

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 state. At the end of conversion BUSY
returns high and the conversion result is placed in the DO regis-
ter of the uP.

A23
ADDRESS BUS
A1 1 C
— —  ADDRESS
As EN “becope
MC68000 AD7572A*
DTACK 4—0G‘ I__’ cs
\ BUSY
RW D& RO
D11 A on
DATA BUS
Do Do'8
N HBEN

*LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 21. AD7572A-MC68000 Interface
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8085A, Z80 MICROPROCESSOR

Figure 22 shows an AD7572A interface for the Z80 and 8085A.
The AD7572A is operating in the Slow Memory Mode and a
two byte read is required. Not shown in the figure is the 8-bit
latch required to demultiplex the 8085A common address/data
bus. A0 is used to assert HBEN, so that an even address
(HBEN = LOW) 1o the AD7572A 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)
For the Z80 LD HL, (B000)

This is a two byte read instruction which loads the ADC data
(address B00O) into the HL register pair. During the first read
operation, BUSY forces the microprocessor to WAIT for the
AD7572A conversion. No WAIT states are inserted during the
second read operation when the microprocessor is reading the
high data byte.

A5
ADDRESS BUS
A0 A0
4 b |
WVREG £ ADDRESS HBEN
EN “pEcope
AD7572A*
z80
8085A s
WAIT BUSY
RD RD
o7 D7
DATA BUS
po N Do/8

L9

Figure 22. AD7572A—8085/Z80 Interface

*LINEAR CIRCUITRY OMITTED FOR CLARITY

TMS32010 MICROCOMPUTER

Figure 23 shows an AD7572A-TMS32010 interface. The
AD7572A is operating in the ROM Mode. The interface is
designed for a maximum TMS32010 clock frequency of 18 MHz
but will typically work over the full TMS32010 clock frequency
range.

The AD7572A is mapped at a port address. The following I/O
instruction starts a conversion and reads the previous conversion
result into data memory.

IN A,PA (PA = PORT ADDRESS)

When conversion is complete, a second I/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 time must be
allowed between 1/0 instructions.

This Materia
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PA2
PORT ADDRESS BUS }
PAO 4 g
== —  ADDRESS ==
DEN EN ‘pecobpE cs
TMS32010 rRo AD7572A*
b1 D11
DATA BUS
Do Do/8
HBEN

*LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 23. AD7572A-TMS32010 Interface

AD7572A-AD585 SAMPLE-HOLD INTERFACE

Figure 24 shows an AD585 sample-hold amplifier driving the
AIN input of the AD7572A. 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 166 kHz for the
AD7572AXX03 (3 ws conversion) and 77 kHz for the
AD7572AXX10 (10 ps conversion). This includes the sample-
hold amplifier acquisition time (3 ps).

When an AD7572A 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 ampli-
fier into the HOLD mode “freezing” the input signal to the
AD7572A. When conversion is finished, the BUSY output
returns HIGH allowing the sample-hold to track the input sig-
nal. To achieve the maximum sampling rate, the AD7572A out-
put data must be read within 3 ps immediately after conversion
while the sample-hold amplifier is acquiring the next sample.

o

o 3§ CONTROL
INPUTS

o

ain neen (1)

R1
13k

R2
619k

1
{2) vier
o—AAA— L

our|  ADTS722%

ANALOG
INPUT
—25VTO +25V

R4
13k

*ADDITIUNAL PINS OMITTED FOR CLARITY

Figure 24. AD7572A-AD585 Sample-and-Hold Interface
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