ANALOG
DEVICES

LC*MOS
8-Bit DAC with Qutput Amplifiers

AD7224

FEATURES

8-Bit CMOS DAC with Output Amplifiers
Operates with Single or Dual Supplies
Low Total Unadjusted Error:

Less Than 1 LSB Over Temperature
Extended Temperature Range Operation
rP-Compatible with Double Buffered Inputs
Standard 18-Pin DIPs, and 20-Terminal Surface

Mount Package and SOIC Package

GENERAL DESCRIPTION

The AD7224 is a precision 8-bit voltage-output, digital-to-
analog converter, with output amplifier and double buffered
interface logic on a monolithic CMOS chip. No external trims
are required to achieve full specified performance for the part.

The double buffered interface logic consists of two 8-bit regis-
ters—an input register and a DAC register. Only the data held in
the DAC registers determines the analog output of the con-
verter. The double buffering allows simultaneous update in a
system containing multiple AD7224s. Both registers may be
made transparent under control of three external lines, CS, WR
and LDAC. With both registers transparent, the RESET line
functions like a zero override; a useful function for system cali-
bration cycles. All logic inputs are TTL and CMOS (5 V) level
compatible and the control logic is speed compatible with most
8-bit microprocessors.

Specified performance is guaranteed for input reference voltages
from +2 V to +12.5 V when using dual supplies. The part is also
specified for single supply operation using a reference of +10 V.

The output amplifier is capable of developing +10 V across a

2 kQ load.

The AD7224 is fabricated in an all ion-implanted high speed
Linear Compatible CMOS (LC?MOS) process which has been
specifically developed to allow high speed digital logic circuits
and precision analog circuits to be integrated on the same chip.

REV.B

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 implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

Vier Voo
MmsB N [N
DATA INPUT DAC
@Bm} ! Jneclsrea REGISTER| DAC ) Vour
LsB —/
cs |
oS cae
LDAC AD7224
RESET
e\ i\ e\
\ \y U/
Vss AGND DGND

PRODUCT HIGHLIGHTS

1. DAC and Amplifier on CMOS Chip
The single-chip design of the 8-bit DAC and output amplifier
is inherently more reliable than multi-chip designs. CMOS
fabrication means low power consumption (35 mW typical
with single supply).

2. Low Total Unadjusted Error
The fabrication of the AD7224 on Analog Devices Linear
Compatible CMOS (LC2MOS) process coupled with a novel
DAC switch-pair arrangement, enables an excellent total un-
adjusted error of less than 1 LSB over the full operating tem-
perature range.

3. Single or Dual Supply Operation
The voltage-mode configuration of the AD7224 allows opera-
tion from a single power supply rail. The part can also be op-
erated with dual supplies giving enhanced performance for
some parameters.

4. Versatile Interface Logic
The high speed logic allows direct interfacing to most micro-
processors. Additionally, the double buffered interface en-
ables simultaneous update of the AD7224 in multiple DAC
systems. The part also features a zero override function.
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(Vop = +15V = 5%; Vss = AGND = DGND = 0 V; Vger = +10 V! unless otherwise noted.

Sl NGLE SUPPLY All specifications Ty to Tyax unless otherwise noted.)

K,B, T L,C,U
Parameter Versions? Versions? Units Conditions/Comments
STATIC PERFORMANCE
Resolution 8 8 Bits
Total Unadjusted Error +2 +2 LSB max
Differential Nonlinearity +1 +1 LSB max Guaranteed Monotonic
REFERENCE INPUT
Input Resistance 8 8 kQ min
Input Capacitance® 100 100 pF max Occurs when DAC is loaded with all 1s.
DIGITAL INPUTS
Input High Voltage, Vinn 2.4 2.4 V min
Input Low Voltage, VN 0.8 0.8 V max
Input Leakage Current +1 +1 HA max Vin=0VorVpp
Input Capacitance® 8 8 pF max
Input Coding Binary Binary
DYNAMIC PERFORMANCE
Voltage Output Slew Rate* 2 2 V/ps min
Voltage Output Settling Time*
Positive Full-Scale Change 5 5 HS max Settling Time to +1/2 LSB
Negative Full-Scale Change 20 20 HsS max Settling Time to +1/2 LSB
Digital Feedthrough® 50 50 nV secs typ Vregr =0V
Minimum Load Resistance 2 2 kQ min Vour =+10V
POWER SUPPLIES
Vpp Range 14.25/15.75 14.25/15.75 V min/V max For Specified Performance
IDD
@ 25°C 4 4 mA max Outputs Unloaded; V\y = VL OF VinH
Tain 10 Tpmax 6 6 mA max Outputs Unloaded; V iy = VinL OF VinH
SWITCHING CHARACTERISTICS®*
5]
@ 25°C 90 90 ns min Chip Select/Load DAC Pulse Width
Twmin t0 Tmax 90 90 ns min
7}
@ 25°C 90 90 ns min Write/Reset Pulse Width
Twmin t0 Tmax 90 90 ns min
{3
@ 25°C 0 0 ns min Chip Select/Load DAC to Write Setup Time
Twmin t0 Tmax 0 0 ns min
{4
@ 25°C 0 0 ns min Chip Select/Load DAC to Write Hold Time
Twmin t0 Tmax 0 0 ns min
ts
@ 25°C 90 90 ns min Data Valid to Write Setup Time
TMIN to TMAX 90 90 ns min
ts
@ 25°C 10 10 ns min Data Valid to Write Hold Time
Twmin t0 Tmax 10 10 ns min
NOTES

IMaximum possible reference voltage.

2Temperature ranges are as follows:
AD7224KN, LN: 0°C to +70°C
AD7224BQ, CQ: -25°C to +85°C

AD7224TD, UD: -55°C to +125°C

3See Terminology.

“Sample tested at 25°C by Product Assurance to ensure compliance.
Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS! ORDERING GUIDE

VoptoAGND . ...... ... .. -0.3V, +17V
VoptODGND ..ot -0.3V, +17V Total
VoD O VSS « v eee e e e 0.3V, +24V . Temperature Unadjusted Paclfagze
AGNDtODGND ..o -03V,Vpp  Model Range Error (LSB) | Option
Digital Input Voltage to DGND ....... -0.3V,Vpp+0.3V AD7224KN _40°C to +85°C | +2 max N-18
xREF tto i%’;‘\]%z -------------------- 03V, VDDV+ 05’ V' AD7224LN | -40°C to +85°C | +1 max N-18
our IO AGIND™ .o PO $s» VDD AD7224KP -40°C to +85°C +2 max P-20A
Power Dissipation (Any Package) to +75°C ........ 450 mW AD7224LP _40°C to +85°C | +1 max P-20A
o Der?_tes zjllPove 75‘;C by ..o 6 mw/°C AD7224KR-1 | —-40°C to +85°C | +2 max R-20
perating | emperature . . AD7224LR-1 | -40°C to +85°C | +1 max R-20
Commercial (K, L Versions) ........... -40°C to +85°C AD7224KR-18 | —-40°C to +85°C | +2 max R-18
Industrial (B, C Versions) ............. -40°C to +85°C AD7224LR-18 | —40°C to +85°C | +1 max R-18
Extended (T, U Versions) ............ -55°C to +125°C AD7224BQ _40°C to +85°C | +2 max 0-18
Storage Temperature .................. -65°C to +150°C AD7224CQ _40°C to +85°C +1 max Q-18
Lead Temperature (Soldering, 10 secs) ........... +300°C AD7224TQ _55°C to +125°C | +2 max Q-18
NOTES AD7224UQ -55°C to +125°C | +1 max Q-18
IStresses above those listed under “Absolute Maximum Ratings” may cause AD7224TE _55°C to +125°C | +2 max E-20A
permanent damage to the device. This is a stress rating only and functional o o N
operation of the device at these or any other conditions above those indicated in AD7224UE -55°C 10 +125°C | £1 max E-20A
the operational sections of this specification is not implied. Exposure to absolute NOTES

maximum rating conditions for extended periods may affect device reliability.
2The outputs may be shorted to AGND provided that the power dissipation of the
package is not exceeded. Typically short circuit current to AGND is 60 mA.

CAUTION

1To order MIL-STD-883 processed parts, add /883B to part number.
Contact your local sales office for military data sheet.

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP;
P = Plastic Leaded Chip Carrier; Q = Cerdip; R = SOIC.

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily

accumulate on the human body and test equipment and can discharge without detection.
Although the AD7224 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!
W“@

ESD SENSITIVE DEVICE

PIN CONFIGURATIONS
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Table I. AD7224 Truth Table

Function

2
!
-
=
o
»>
@]

Both Registers are Transparent
Both Registers are Latched

Both Registers are Latched

Input Register Transparent

Input Register Latched

DAC Register Transparent

DAC Register Latched

Both Registers Loaded

With All Zeros

Both Register Latched With All Zeros
and Output Remains at Zero

Both Registers are Transparent and
Output Follows Input Data
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H = High State, L = Low State, X = Don’t Care.

All control inputs are level triggered.

The contents of both registers are reset by a low level on the
RESET line. With both registers transparent, the RESET line
functions like a zero override with the output brought to 0 V for
the duration of the RESET pulse. If both registers are latched, a
“LOW?” pulse on RESET will latch all Os into the registers and
the output remains at 0 V after the RESET line has returned
“HIGH”. The RESET line can be used to ensure power-up to
0V on the AD7224 output and is also useful, when used as a
zero override, in system calibration cycles. Figure 3 shows the
input control logic for the AD7224.
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Figure 3. Input Control Logic
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NOTES:
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF V.
t, =t; = 20ns OVER Vp, RANGE

2. TIMING MEASUREMENT REFERENCE LEVEL IS

e t, >

Ving + Vine
Figure 4. Write Cycle Timing Diagram

SPECIFICATION RANGES

For the DAC to maintain specified accuracy, the reference volt-
age must be at least 4 V below the Vpp power supply voltage.
This voltage differential is required for correct generation of bias
voltages for the DAC switches.

With dual supply operation, the AD7224 has an extended Vpp
range from +12 V + 5% to +15 V £ 10% (i.e., from +11.4 V to
+16.5 V). Operation is also specified for a single Vpp power
supply of +15 V £ 5%.

Performance is specified over a wide range of reference voltages
from 2 V to (Vpp — 4 V) with dual supplies. This allows a range
of standard reference generators to be used such as the AD580,

a +2.5 V bandgap reference and the AD584, a precision +10 V

reference. Note that in order to achieve an output voltage range
of 0 V to +10 V, a nominal +15 V + 5% power supply voltage is
required by the AD7224.

GROUND MANAGEMENT

AC or transient voltages between AGND and DGND can cause
noise at the analog output. This is especially true in micropro-
cessor systems where digital noise is prevalent. The simplest
method of ensuring that voltages at AGND and DGND are
equal is to tie AGND and DGND together at the AD7224. In
more complex systems where the AGND and DGND intertie is
on the backplane, it is recommended that two diodes be con-
nected in inverse parallel between the AD7224 AGND and
DGND pins (IN914 or equivalent).

Applying the AD7224

UNIPOLAR OUTPUT OPERATION

This is the basic mode of operation for the AD7224, with the
output voltage having the same positive polarity as Vgeg. The
AD7224 can be operated single supply (Vss = AGND) or with
positive/negative supplies (see op-amp section which outlines
the advantages of having negative Vss). Connections for the uni-
polar output operation are shown in Figure 5. The voltage at
Vrer Must never be negative with respect to DGND. Failure to
observe this precaution may cause parasitic transistor action and
possible device destruction. The code table for unipolar output
operation is shown in Table II.

VREF VDD
0] O
DB7 o T -
DATA
(8 BIT) =
= DAC ) Vour
WR
LDAC AD7224
RESET

e N
\J
Veg AGNDY_@E\JD

Figure 5. Unipolar Output Circuit

Table I11. Unipolar Code Table

DAC Register Contents
MSB LSB Analog Output
55
1111 1111 +VREF%§
29
1000 0001 +VREF%§§
1280_ VvV
1000 0000 WV rer Coelt o
27
0111 1111 +VREF@§Q
1
0000 0001 +VREF@Q§Q
0000 0000 oV

Note: 1 LSB =(VREF)(278)=VREF %Q
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

18-Pin Plastic (Suffix N)

IAVAVAVAVAYAYAVAWAY

0.26 (6.61)

0.24 (6.10)

VVVVVVVVV

0.91 (21 12) 0.306 (7.78)
i e zzen sn '1 0294 7.47) 1
T 014 (356)
018 (4581 oAz 3051
0.175 (4 A5)
o 02081 (z 051 - %
0.12 {0.305)
0.065 11.66) 0. nz (o 508) o 105 (2. 67) 0.008 (0.203)
0.045 (1. '5) 0.015 {0.381) 0.095 (2.42)
”OT(S
. LEAD NO. 1 lDEN“FIEB IV DOT OR NOTCH.
2 CERAMIC Dil LL BE EITHER GOLD OR TIN PLATED IN
ACCOHDANCE W"H MI.»M -38510 REQUIREMENTS.
18-Pin Ceramic (Suffix D)
0.3 (7.62)
0.28 (7.12)
-
e =
091 (23.12) 0.12 (3.08)
0.89 (22.61) 0.06 {1.53)
—
0.17 (4.32)
MAX )
I 2.175 (4451 0.012 (0.305)
0.125 (3.18) 0.008 (0.203)
0.06 (1.53) 0.02 (0.508) 0.105 (2.67) 0.306 (7.78}
0.045 {1.15) 0.015 (0.381) 0.095 (2.42) 0.294 (7.47)
NOTES:
1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH.
2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN
ACCORDANCE WITH MiL-M-38510 REQUIREMENTS.
PLCC Package
0.048 (1.21) 0.180 (4.57)
0.165 (4.19
0.042 (1.07) 0.056 (L.42) o (4.19)
- 0.042 (1.07) _>| 0025 (0.63)
¥ — 0.015 (0.38)
0.048 (1.21) N s e s s
s 3 o 19
0.042 (1.07) TI: . NI M j_ 0.021 (0.53)
IDENTIFIER l— T 0013033
0 0 0.330 (8.38)
0.050 i[ TOP VIEW N 0.290 (7.37)
@an 0 5 I— _t 0.032 (0.81)
BSC T 0.026 (0.66)
|~ _F
Os 14 (] |
o 13 !
0.020 l S =) 0.040 (1.01)
0.50 Tt}
(050) 0 0356(0.04) > |<— 3075 0.69)
0350 8.89) °

-

0.395 (10.02)
0385 (9.78) OO

0.110 (2.79)
0.085 (2.16)

LCCC Package

0.200 (5.08)
BSC
0.100 0.015 (0.38)
—>‘ (2.54) MIN
BSC A

Yoo (0.71)
T 0.022 (0.56)

E-20A
0075
0100 (2.54) Qe
0.064 (1 53) P
0.095 (2.41)
0.358 (9.09) T TR0
0342 (8.69)
sQ ?93:)28) 0.011 (0.28)
MAX 0,007 (0.18)
SO RTYP
0075
L8 wsp § X
= RE RINININ
0088 (2.24)  0.055(1.40)
0.054 (1.37) 0.045 (1.14)

18-Pin Cerdip (Suffix Q)

FATATATETATATATAY

I——n.sso (24.13) MA)(——'

thea

0.320 (8.128)
0.290 (7.366}

0.060 (1.524)
0.015 {0380 0.180 (4.572)
0140 (3.556)
0.015 (0.381)
B $.008 (0.203)
o] e sono () 0490 010,160 -
0.330 (8.
0.110 (2.794 0.23 (0.584) 18.382)
0.090 (2.285) 2.015 (0.381)
NOTES:
1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH.
2. CERAMIC DIP LEADS WILL BE EITHI OLD OR TIN PLATED IN

ER G
ACCORDANCE WITH MIL-M-38510 REQUIREMENTS.

18-Lead SOIC

(R-18)

AAAAAAAAR

1

9

. B

IR

0.1043 (2.65)

0.4625 (11.75)

0.4469 (11.35)

\

0.2992 (7.60)
0.2914 (7.40)

0.0926 (2.35)

0.4193 (10.65)
0.3937 (10.00)

0.0291 (0.74)

o
0.0098 (0.25) * *°

0.0118 (0.30)
0.0040 (0.10)

- e -

0.0500 0.0192 (0.49)
(1.27) 50138 (035,
z20 0.0138 (0.35)

\
A ]
;H_f {:{ o 0.0500 (1.27) .1

0.0125 (0.32)
0.0091 (0.23)

20-Lead SOIC

PIN 1

=

0 0.0157 (0.40)

(R-20)
20 11 T
0.2992 (7.60)
02914 (7.40)
)
0.4193 (10.65)
03937 (10.00)
1 10
o
0.1043 (2.65)
05118 (13.00) 0.0926 (2.35) 0.0291 (0.74
0.4961 (12.60) 0‘0093 20'25; 4
VOO oo oom L L_———J
|<- ->H<' ) T 00500<127)_>| |<_
0.0118 (0.30) 0.0500 0.0192 (0.49)  0.0125 (0. 32) 0.0197 (0400
0.0040 (0.10) (égé) 0.0138 (0.35)  0.0091 (0.23)
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