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GENERAL DESCRIPTION PRODUCT HIGHLIGHTS

The AD7226 contains four 8-bit voltage-output digital-to- 1. DAC-to-DAC Matching

analog converters, with output buffer amplifiers and interface  Since all four DACs are fabricated on the same chip at the
logic on a single monolithic chip. No external trims are required same time, precise matching and tracking between the DACs
to achieve full specified performance for the part. is inherent.

Separate on-chip latches are provided for each of the four D/A2. Single Supply Operation

converters. Data is transferred into one of these data latches  The voltage mode configuration of the DACs allows the
through a common 8-bit TTL/CMOS (5 V) compatible input AD7226 to be operated from a single power supply rail.
port. Control inputs A0 and Al determine which DAC is loaded Microprocessor Compatibility

WhenWR_ goes low. The control logic is speed-compatible with 1o AD7226 has a common 8-bit data bus with individual
most 8-bit microprocessors. DAC latches, providing a versatile control architecture for
Each D/A converter includes an output buffer amplifier capable simple interface to microprocessors. All latch enable signals
of driving up to 5 mA of output current. The amplifiers’ offsets  are level triggered.

are laser-trimmed during manufacture, thereby eliminating any, gmajl size

requirement for offset nulling. Combining four DACs and four op amps plus interface logic
Specified performance is guaranteed for input reference voltagesnto a 20-pin DIP or SOIC or a 20-terminal surface mount
from +2 V to +12.5 V with dual supplies. The part is also speci- package allows a dramatic reduction in board space require-
fied for single supply operation at a reference of +10 V. ments and offers increased reliability in systems using mul-

The AD7226 is fabricated in an all ion-implanted high speed tiple converters. Its pinout. is aimed at optimizing board

Linear Compatible CMOS (L®0S) process which has been layout with all the anallo.g |n.puts and outputs at one end of the
specifically developed to allow high speed digital logic circuits ~ Package and all the digital inputs at the other.

and precision analog circuits to be integrated on the same chip.
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AD7226-SPECIFICATIONS

o=114V1016.5V, Ve=-5V = 10%; AGND =DGND = O V; Vger = +2 V to (Vpp — 4 V)! unless otherwise noted.

DUAL SUPPLY All specifications Ty to Tyax unless otherwise noted.)

Par ameter K, B, T Versons? Units Conditions’yComments

STATIC PERFORMANCE

Resolution 8 Bits
Total Unadjusted Error 2 LSB max Vpp = +15 V* 5%, Vgge= +10 V
Relative Accuracy +1 LSB max
Differential Nonlinearity +1 LSB max Guaranteed/onotonic
Full Scale Error +11/2 LSB max
Full Scale Temperature Coefficient +20 ppm/FC typ Vpp =14V 10 16.5V, ¥gr=+10 V
Zero Code Error +30 mV max
Zero Code Error Temperature Coefficient+50 pVv/°C typ
REFERENCE INPUT
VoltageRange 2to (Vpp —4) V min to V max
Input Resistance 2 kQ min
Input Capacitance 65 pF min Occurs when each DAC is loaded with all Os.
300 pF max Occurs when each DAC is loaded with all 1s.
DIGITAL INPUTS
Input High Voltage, Wn 2.4 V min
Input Low Voltage, V. 0.8 V max
Input Leakage Current +1 MA max Vin =0V orVpp
Input Capacitance 8 pF max
Input Coding Binary
DYNAMIC PERFORMANCE
Voltage Output Slew Rate 25 V/ps min
Voltage Output Settling Tinfe
Positive Full Scale Change 5 US max Vger = +10 V; Settling Time ta1/2 LSB
Negative Full Scale Change 7 US max Vger = +10 V; Settling Time ta1/2 LSB
Digital Crosstalk 50 nV secs typ
Minimum Load Resistance 2 kQ min Vout = +10V
POWER SUPPLIES
Vpp Range 11.4/16.5 V min/V max For SpecifiedPerformance
) 13 mA max Outputs Unloaded; \ = VinL OF Vinn
lss 11 mA max Outputs Unloaded; \{ = VinL OF Vinn

SWITCHING CHARACTERISTICS*®
Address to Write Setup Timeyt

@ 25C 0 ns min

Tmin t0 Tyax 0 ns min
Address to Write Hold Timeaf

@ 25C 10 ns min

Tmin t0 Tyax 10 ns min
Data Valid to Write Setup Timepd

@ 25C 90 ns min

Tmin t0 Tyax 100 ns min
Data Valid to Write Hold Time gy

@ 25C 10 ns min

Tmin t0 Tyax 10 ns min
Write Pulse Width,{r

@ 25C 150 ns min

Tmin t0 Tyax 200 ns min

NOTES

Maximum possible reference voltage.
2Temperature ranges are as follows:
K Version: —40C to +85C
B Version: —40C to +85C
T Version: -58C to +125C
3Guanteed by design. Not production tested.
“Sample Tested at 26 to ensure compliance.
5Switching Characteristics apply for single and dual supply operation.

Specifications subject to change without notice.

—2— REV. A
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AD7226

(Voo = +15 V= 5%; Vss = AGND = DGND = O V; Vger = +10 V! unless otherwise noted.

SlNGLE SUPPLY All specifications Ty to Tyax unless otherwise noted.)

Par ameter K, B, T Versons? Units Conditions’yComments
STATIC PERFORMANCE

Resolution 8 Bits

Total Unadjusted Error +2 LSB max

Differential Nonlinearity +1 LSB max Guaranteedonotonic
REFERENCE INPUT

Input Resistance 2 kQ min

Input Capacitance 65 pF min Occurs when each DAC is loaded with all Os.

300 pF max Occurs when each DAC is loaded with all 1s.

DIGITAL INPUTS

Input High Voltage, WwH 24 V min

Input Low Voltage, V. 0.8 V max

Input Leakage Current +1 MA max Vin =0V orVpp

Input Capacitance 8 pF max

Input Coding Binary
DYNAMIC PERFORMANCE

Voltage Output Slew Rate 2 V/us min

Voltage Output Settling Tinfe

Positive Full Scale Change 5 pS max Settling Time tat1/2 LSB
Negative Full Scale Change 20 pS max Settling Time tat1/2 LSB

Digital Crosstalk 50 nV secs typ

Minimum Load Resistance 2 kQ min Voutr = +10V
POWER SUPPLIES

Vpp Range 14.25/15.75 V min/V max For SpecifiedPerformance

) 13 mA max Outputs Unloaded; \{ = VinL OF Vinn
NOTES

Maximum possible reference voltage.
2Temperature ranges are as follows:
K Version: —40C to +85C
B Version: —40C to +85C
T Version: -58C to +125C

SGuanteed by design. Not production tested.
“Sample Tested at 26 to ensure compliance.
SSwitching Characteristics apply for single and dual supply operation.

Specifications subject to change without notice.

REV. A
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ORDERING GUIDE

Total

Temperature Unadjusted Package
Mode! Range Error Option?
AD7226KN —-40°C to +85C +2 LSB N-20
AD7226KP —-40C to +85C +2 LSB P-20A
AD7226KR | —40C to +85C +2 LSB R-20
AD7226BQ | —40C to +85C +2 LSB Q-20
AD7226TQ -55°C to +128C +2 LSB Q-20
AD7226TE | -55C to +125C +2 LSB E-20A
NOTES

To order MIL-STD-883, Class B processed parts, add /883B to part number.
Contact your local sales office for Military data sheet, for U.S. Standard Military
Drawing (SMD), see DESC drawing #5962-87802.

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP;

P = Plastic Leaded Chip Carrier; Q = Cerdip; R = SOIC.



AD7226

ABSOLUTE MAXIMUM RATINGS*

VpptoAGND ... ... ~0.3V, +17V
VpptoDGND .. ... ..o ~0.3V, +17V
VsstoAGND ... oo ~7V, Vpp
VsstoDGND ... ..o =/, Vpp
VoptoVss .o oo 0.3V, +24V
AGNDtoDGND ...................... 0.3V, Vpp
Digital Input Voltageto DGND .. ... .. ~0.3V,Vpp + 0.3V
VrRertoAGND ... -0.3V, Vpp
Vourto AGNDY .. ... Vss Vbb
Power Dissipation (Any Package) to ®Z5. .. ... .. 500mwW

Derates above 78 by 2.0mw/rC

CAUTION

Operating Temperature

CommercialK Version) ............. —-40C to +85C

Industrial(B Version) ............... -40C to +85C

ExtendedT Version) .............. -55C to +1258C
StorageTemperature. . .. ............. —65°C to +150C
LeadTemperaturéSoldering,10secs). . ......... +300°C
NOTES

*Stresses 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 conditions 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.

'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.

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high asréady
accumulate on the human body and test equipment and can discharge without detectio
Although the AD7226 features proprietary ESD protection circuitry, permanent damage may

occur on devices subjected to high energy electrostatic disch

precautions are recommended to avoid performance degradation or loss of functionality.

arges. Therefore, proper ES

WARNING!
Wu@

ESD SENSITIVE DEVICE

PIN CONFIGURATIONS

DIP and SOIC LCCC PLCC
v L1344
VourB [1] @ [20] vourc 2%%‘%% > 2P
VourA lz E VourD : : 1> 2>° 12
Ves E 18] Voo ™ °
Veer [4] [17] a0 Veer 4 8 18 Voo Vaer [ 4] 18] Voo
AGND E AD7226 16| a1 AGND § AD7226 17 Ao AGND [5] AD7226 A0
oano 6] (Novto Seatel  [15] WA DGND 6 70,7\,,5,” 16 A1 oGNo |6 | ol view 16] a1
DB7(MSB) E E DBO(LSB) DB7(MSB) 7 (Not to Scate) 5 WR DB7 (MS8) 15] W
oss [ 5] o1 DB6 8 14 DBO(LSB) oss [3] 14| oBO(LSB)
oes E 12) oz 9 10 11 12 13 B."ﬂ"ﬂ"'_z."ﬂ
os [io] [11] oes 23288 — ==
easceas E3E8% %

TERMINOLOGY
TOTAL UNADJUSTED ERROR

DIFFERENTIAL NONLINEARITY
Differential Nonlinearity is the difference between the measured

This is a comprehensive specification which includes full-scale change and the ideal 1 LSB change between any two adjacent
error, relative accuracy and zero code error. Maximum output codes. A specified differential nonlinearity4#f LSB max over

voltage is Vbier— 1 LSB (ideal), where 1 LSB (ideal) isM/

the operating temperature range ensuresotonicity.

256. The LSB size will vary over theg¥- range. Hence the zero DIGITAL CROSSTALK

code error will, relative to the LSB size, increase gs-de-

The glitch impulse transferred to the output of one converter

creases. Accordingly, the total unadjusted error, which includeg ;q tg a change in the digital input code to another of the con-

the zero code error, will also vary in terms of LSB’s over the
Vger range. As a result, total unadjusted error is specified for a
fixed reference voltage of +10 V.

verters. It is specified in nV secs and is measureggix/0 V.
F

ULL SCALE ERROR

Full-Scale Error is defined as:

RELATIVE ACCURACY

Relative Accuracy or endpoint nonlinearity, is a measure of the
maximum deviation from a straight line passing through the
endpoints of the DAC transfer function. It is measured after al-
lowing for zero and full-scale error and is normally expressed in
LSB’s or as a percentage of full-scale reading.
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AD7226

CIRCUIT INFORMATION Voo
D/A SECTION

The AD7226 contains four, identical, 8-bit, voltage mode upo——l
digital-to-analog converters. The output voltages from the con-

verters have the same polarity as the reference voltage allowing

single supply operation. A novel DAC switch pair arrangement op
on the AD7226 allows a reference voltage range from +2 V to

+12.5 V. { } s00un
Each DAC consists of a highly stable, thin-film, R-2R ladder Vor

and eight high speed NMOS, single-pole, double-throw
switches. The simplified circuit diagram for one channel is
shown in Figure 1. Note thatk¥r (Pin 4) and AGND (Pin 5) the current load ceases to act as a current sink and begins to act
are common to all four DACs. as a resistive load of approximately@ to AGND. This occurs

as the NMOS transistors come out of saturation. This means
that, in single supply operation, the sink capability of the ampli-
fiers is reduced when the output voltage is at or near AGND. A
typical plot of the variation of current sink capability with out-

put voltage is shown in Figure 3.

Figure 2. Amplifier Output Stage

500

Vaer O— —$5
AGND O~ 55

L Vss = -5V

SHOWN FORALL 1'SONDAC /
400

Figure 1. D/A Simplified Circuit Diagram

The input impedance at thesM- pin of the AD7226 is the par- M~ Ve
allel combination of the four individual DAC reference input

impedances. It is code dependent and can vary fromht2 kn- 300
finity. The lowest input impedance (i.e., 2koccurs when all

four DACs are loaded with the digital code 01010101. There-
fore, it is important that the reference presents a low output im-
pedance under changing load conditions. The nodal capacitance 200
at the reference terminals is also code dependent and typically

varies from 100 pF to 250 pF.

Each byt pin can be considered as a digitally programmable
voltage source with an output voltage of:

=0V

Voo = +16V

Ik — pA

100

Voutx = Dx Vrer
where L is fractional representation of the digital input code

and can vary from 0 to 255/256. %2z 4 & 8 10
VWT'V

The source impedance is the output resistance of the buffer
amplifier. Figure 3. Variation of gk With Vour

If the full sink capability is required with output voltages at or
OP AMP SECTION . . near AGND (=0 V), then ¥scan be brought below 0 V by 5V
Each voltage-mode D/A converter output is buffered by a unity3nq thereby maintain the 408 current sink as indicated in
gain, noninerting CMOS amplifier. This buffer amplifier is  rjgyre 3. Biasing Vsbelow 0 V also gives additional headroom
capable of developing +10 V across a® load and can drive 5 'the output amplifier which allows for better zero code error
capacitive loads of 3300 pF. The output stage of this amplifier performance on each output. Also improved is the slew-rate

consists of a bipolar transistor from thgpMine and a current 554 negative-going settling-time of the amplifiers (discussed
load to the g the negative supply for the output amplifiers. later).

This output stage is shown in Figure 2. . . ) .
) . ] . Each amplifier offset is laser trimmed during manufacture to
The NPN transistor supplies the required output current drive gjiminate any requirement for offset nulling.

(up to 5 mA). The current load consists of NMOS transistors

which normally act as a constant current sink of 48 Vss DIGITAL SECTION

giving each output a current sink capability of approximately = The digital inputs of the AD7226 are both TTL and CMOS
400pA if required. (5 V) compatible from ¥p = +11.4 V to +16.5 V. All logic in-

The AD7226 can be operated single or dual supply resulting puts are static protected MOS gates with typical input currents

in different performance in some parameters from the output of less than 1 nA. Internal input protection is achieved by an
amplifiers. on-chip distributed diode from DGND to each MOS gate. To

minimize power supply currents, it is recommended that the

In single supply operation €= 0 V = AGND), with the out- = gjgita| input voltages be driven as close to the supply railg (V
put approaching AGND (i.e., digital code approaching all 0s) 54 DGND) as practically possible.

REV. A —5—
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AD7226

INTERFACE LOGIC INFORMATION

Address lines A0 and Al select which DAC will accept data

from the input port. Table | shows the selection table for the (T, = 25°C,Vpp=+15V, Vgs=-5V)

four DACs with Figure 4 showing the input control logic. When
theWR signal is LOW, the input latches of the selected DAC
are transparent and its output responds to activity on the data
bus. The data is latched into the addressed DAC latch on the
rising edge of¥R. While WR is high the analog outputs remain
at the value corresponding to the data held in their respective

latches.

Tablel. AD7226 Truth Table

AD7226 Control Inputs | AD7226

WR Al AO Operation

H X X No Operation Device Not Selected
L L L DAC A Transparent
Y L L DAC A Latched

L L H DAC B Transparent
LY L H DAC B Latched

L H L DAC C Transparent
LY H L DAC C Latched

L H H DAC D Transparent
Y H H DAC D Latched

L = Low State, H = High State, X = Don't Care

A0 {>c
| TOLATCHA
A1 {>c TOLATCHB
b
} TOLATCHC
—
—
TOLATCHD
WR

Figure 4. Input Control Logic

tos ton
|
Viewn ,
DATA
Vine | 1
! t,
tas |-2-|
I | } |
Vinn ; |
ADDRESS { 1
\ Ving ! 1
$ 4
|
|

NOTES
1. ALL INPUT SIGNAL RISE AND FALL TIMES
MEASURED FROM 10% TO 80% of Vpp.
t, = ty = 20ns OVER Vpp RANGE
2. TIMING MEASUREMENT REFERENCE LEVEL IS

Vinu+ Vi
e

3. SELECTED INPUT LATCH IS TRANSPARENT WHILE WR IS
LOW, THUS INVALID DATA DURING THIS TIME CAN CAUSE
SPURIOUS OUTPUTS.

Figure 5. Write Cycle Timing Diagram

Downloaded fronDatasheet.su

TOTAL UNADJUSTED ERROR - LSB’'S

+2.0

+15

Typical Performance Characteristics

Veee= + 10V

16 32 48 64 80 96 112 128 144 160 176 192 208 224
INPUT CODE - DECIMAL EQUIVALENT

Figure 6. Channel-to-Channel Matching

AD7226K,B,T

+3 ’/
§+2 /
:+1 /
922
¢ | AN A A
g

Vger - Volts

Figure 7. Relative Accuracy vs. Virer

AD7226K.B,T

|

+4

+3

+2

+1 /

DIFFERENTIAL NONLINEARITY - LSB’'S

[ 2 4q 6 8 10 12 14
Vaere - Volts

Figure 8. Differential Nonlinearity vs. Viger

240
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2.0
pa
15 /
10 g
z //
é 05 // 717
z Vouta b= /
w00 +
w T L~
§ Vourd el — 1
-05 Vouts e
g | —
N Voure ]
-1.0
-15
-20

] 10 20 30 40 50 60 70 80 90 100 110 120 130
TEMPERATURE -"¢ Figure 10. Dynamic Response (Vss =—5V)

Figure 9. Zero Code Error vs. Temperature

SPECIFICATION RANGES DATA
In order for the DACs to operate to their specifications, the ref-

erence voltage must be at least 4 V below thg power supply

voltage. This voltage differential is required for correct genera-

tion of bias voltages for the DAC switches. oe

+1/2LSB

-1/2LSB

The AD7226 is specified to operate overgpYange from

+12 V+ 5% to +15 V+ 10% (i.e., from +11.4 V to +16.5 V)

with a Vssof -5 V+ 10%. Operation is also specified for a
single +15 V+ 5% Vpp supply. Applying a ¥sof -5 V results

in improved zero code error, improved output sink capability
with outputs near AGND and improved negative-going settling-
time.

Figure 11a. Positive-Step Settling-Time (Vss=-5V)

Performance is specified over a wide range of reference voltages
from 2 V to (\pp — 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 ¥ 5% power supply voltage is
required by the AD7226.

+1/2LSB

—-1/2L88

SETTLING TIME

The output stage of the buffer amplifiers consists of a bipolar
NPN transistor from the 36 line and a constant current load to
Vss Vssis the negative power supply for the output buffer am-
plifiers. As mentioned in the op amp section, in single supply
operation the NMOS transistor will come out of saturation as
the output voltage approaches AGND and will act as a resistive
load of approximately 2& to AGND. As a result, the settling- GROUND MANAGEM ENT

time for negative-going signals approaching AGND in single AC Or transient voltages between AGND and DGND can cause
supply operation will be longer than for dual supply operation N0iS€ at the analog output. This is especially true in micropro-

where the current load of 408, is maintained all the wayown cessor systems where digital noise is prevalent. The simplest
to AGND. Positive-going settling-time is not affected by V method of ensuring that voltages at AGND and DGND are

] . o equal is to tie AGND and DGND together at the AD7226. In
The settling-time for th_e_ AD722_6 is limited by the slev_v-rate of more complex systems where the AGND and DGND intertie is
the output buffer amplifiers. This can be seen from Figure 10 4, the backplane, it is recommended that two diodes be con-

which shows the dynamic response for the AD7226 for a full  acted in inverse parallel between the AD7226 AGND and
scale change. Figures 11a and 11b show expanded settling-tiniesND pins (IN914 or equivalent).

photographs with the output waveforms derived from a differen-
tial input to an oscilloscope. Figure 11a shows the settling-time
for a positive-going step and Figure 11b shows the settling-time
for a negative-going output step.

Figure 11b. Negative-Step Settling-Time (Vss=—-5V)

REV. A —7—
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AD7226

Unipolar Output Operation operation) with DAC A of the AD7226. In this case
This is the basic mode of operation for each channel of the

. . . R2 R2
AD7226, with the output voltage having the same positive Vour = QH ﬁ@[QDAV REF)—QEQEQVREF)

polarity as +\er. The AD7226 can be operated single supply

(Vss= AGND) or with positive/negative supplies (see op-amp  With R1 =R2
section which outlines the advantages of having negatiye V Vour = (2Da— 1) oV
The code table for unipolar output operation is shown in Table out A REF

I. Note that the voltage at¢r must never be negative with re-  WhereD, is a fractional representation of the digital word in
spect to DGND in order to prevent parasitic transistor turn-on. latch A.

Connections for the unipolar output operation are shown in Figyismatch between R1 and R2 causes gain and offset errors and

ure 12. therefore these resistors must match and track over temperature.
v Once again the AD7226 can be operated in single supply or
—@"“ from positive/negative supplies. Table Il shows the digital code
versus output voltage relationship for the circuit of Figure 13
N Vourn with R1 = R2.
2
2 Vaer O
- Vours
N AD7226*
O Vour
- Voure
20
R1, R2 = 10k =0.1%
B O g *DIGITAL INPUTS OMITTED
+ FOR CLARITY
5 6 . . . .
AGND DGND Figure 13. AD7226 Bipolar Output Circuit
Tablelll. Bipolar (Offset Binary) Code Table
Figure 12. AD7226 Unipolar Output Circuit DAC Latch Contents
MSB LSB Analog Output
Tablell. Unipolar Code Table
27
DAC Latch Contents 1111 1111 *V rer gﬁ@
MSB LSB Analog Output
1
1000 0001 +VREF@178§
55
1111 1111 +VREF%6Q
59 1000 00O0O oV
1000 0001 +VREF%6Q 1
08 v 0111 1111 —VREF@ljgg
1000 0000 +V g [E20H= + LEEE -
0000 0001 _VREF%SQ
27
0111 1111 +VREF%6Q 8
0000 0000 _VREF%Qz_VREF
1
0000 0001 +VREF%56§
AGND BIAS
0000 00O0O ov The AD7226 AGND pin can be biased above system GND
(AD7226 DGND) to provide an offset “zero” analog output
B 1 : S ' . .
Note: 1 LSB = (V REF)(Z 8) =VREF§ 56@ voltage level. Figure 14 shows a circuit configuration to achieve

this for channel A of the AD7226. The output voltaggu¥,
can be expressed as:
Bipolar Output Operation _
Each of the DACs of the AD7226 can be individually config- Voura = YB'AS " DA. (Vin) ) o
ured to provide bipolar output operation. This is possible using WhereDa is a fractional representation of the digital input
one external amplifier and two resistors per channel. Figure 13 word (0< D < 255/256).
shows a circuit used to implement offset binary coding (bipolar

—8- REV. A
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AD7226

°——;]\ hereG = R:/R
n Vier 4®_V"L W

Ap7226" andDyp, is a fractional representation of the digital word
in latch D.
DAC A

Alternatively, for a giverV|y and resistance ratio, the required
value ofDp, for a given value of ¥gr can be determined from
the expression

T ‘77 —o Figure 16 shows typical plots oRk¥r versus digital code for
*DIGITAL INPUTS OMITTED FOR CLARITY three different values of RWith V,y = +2.5Vand R=3 R
. . . the peak-to-peak sine wave voltage from the converter outputs
Figure 14. AGND Bias Circuit will vary between +2.5 V and +10 V over the digital input code
For a given , increasing AGND above system GND will re- range of 0 to 255.
duce the effective d\p—Vrer Which must be at least 4 V to en-
sure specified operation. Note that because the AGND pin is
common to all four DACs, this method biases up the output
voltages of all the DACs in the AD7226. Note thab\and Vs 25 Vi Yooz tasv
of the AD7226 should be referenced to DGND. \

?

4Vin

3-PHASE SINE WAVE 3w LA
The circuit of Figure 15 shows an application of the AD7226 invee i
the generation of 3-phase sine waves which can be used to conzsy,, N L, Re = 28
.. N \
trol small 3-phase motors. The proper codes for synthesizing a \ L ke =R

full sine wave are stored in EPROM, with the required phase-
shift of 120 between the three D/A converter outputs being

X

generated in software. \\
M~ NN
Data is loaded into the three D/A converters from the sine 15 Vin ~_]
EPROM via the microprocessor or control logic. Three loops ™~ —
are generated in software with each D/A converter being loaded
from a separate loop. The loops run through the look-up table 9 18 32 45 64 B0 96 T2 128 4 160 178 192 200 234 240 258

. . . . . . DIGITAL CODE - DECIMAL EQUIVALENT
producing successive triads of sinusoidal values with $&ga-

ration which are loaded to the D/A converters producing 3 sine Figure 16. Variation of Vg with Feedback Configuration
wave voltages 12Mpart. A complete sine wave cycle is gener-
ated by stepping through the full look-up table. If a 256-element
sine wave table is used then the resolution of the circuit will be
1.4 (360°/256). Figure 17 shows typical resulting waveforms.
The sine waves can be smoothed by filtering the D/A converter
outputs.

The fourth D/A converter of the AD7226, DAC D, may be used
in a feedback configuration to provide a programmable refer-
ence voltage for itself and the other three converters. This con-
figuration is shown in Figure 15. The relationship @EMo Viy

is dependent upon digital code and upon the ratio-db R

and is given by the formula

iR Vouta

Vours

Voute

V = ﬂ v . .
REF " (1+G.Dp) N Figure 17. 3-Phase Sine Wave Output

ADDRESS
BUS
- Veer
A0

ADDRESS
DECODE

- N AD7226

MICROPROCESSOR
OR
CONTROL LOGIC

Figure 15. 3-Phase Sine Wave Generation Circuit
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AD7226

STAIRCASE WINDOW COMPARATOR

In many test systems, it is important to be able to determine
whether some parameter lies within defined limits. The staircase

window comparator of Figure 18a is a circuit which can be
used, for example, to measure g, and Vg, thresholds of a
TTL device under test. Upper and lower limits on béghy

and \p_ can be programmably set using the AD7226. Each ad-
jacent pair of comparators forms a window of programmable
size. IfVrgst lies within a window then the output for that win-

dow will be high. With a reference of +2.56 V applied to the
Vger input, the minimum window size is 10 mV.

Vrest
FROM D.U.T.

1/4 CA339
_VL: ;
10k

+5V —AAN—¢ WINDOW 1
Vns; VDD S
\Z (HIGHDJ
Voura D >#
10k
+5V —AA—4 WINDOW 2
AD7226 + :

+5V —AAA—@—— WINDOW 3

Vo u.ow»r
Vours (1) +
10k

Vou (HIGH)I
Vourc (29 +

WINDOW 4

S WINDOW 5

Voo (LOW) l
9)

Vouro (1

AGND

v

Figure 18a. Logic Level Measurement

Virer

WINDOW 1

Voura
WINDOW 2

Voure

WINDOW 3

Vourc

WINDOW 4

Vouro

WINDOW §

AGND

Figure 18b. Window Structure
The circuit can easily be adapted to allow for overlapping of

Vrest
FROM D.U.T.

10k
+5V —AAA—$——— WINDOW 1

+ 5V «=—AAA~9—— WINDOW 2

WINDOW 3

Figure 19a. Overlapping Windows
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WINDOW 1
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Voura
WINDOW 2

Vouro

v,
oure WINDOW 3

AGND

Figure 19b. Window Structure

1BV

ad 10k
s VREF @VDD

/-
AD7226*

Voura

*DIGITAL INPUTS OMITTED
FOR CLARITY

Figure 20. Varying Reference Signal

VARYING REFERENCE SIGNAL

In some applications, it may be desirable to have a varying sig-
nal applied to the reference input of the AD7226. The AD7226
has multiplying capability within upper and lower limits of refer-

ence voltage when operated with dual supplies. The upper and
lower limits are those required by the AD7226 to achieve its lin-
earity specification. Figure 20 shows a sine wave signal applied

windows as shown in Figure 19a. If the three outputs from this; the reference input of the AD7226. For input signal frequen-

circuit are decoded then five different nonoverlapping program

mable windows can again be defined.

‘cies up to 50 kHz the output distortion typically remains less

than 0.1%. Typical 3 dB bandwidth figure is 700 kHz.
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AD7226

OFFSET ADJUST

Figure 21 shows how the AD7226 can be used to provide pro-
grammable input offset voltage adjustment for the AD544 op
amp. Each output of the AD7226 can be used to trim the input
offset voltage on one AD544. The 620 kesistor tied to +10 V
provides a fixed bias current to one offset node. For symmetrical
adjustment, this bias current should equal the current in the
other offset node with the half-full scale code (i.e., 20000000)
on the DAC. Changing the code on the DAC varies the bias
current and hence provides offset adjust for the AD544. For ex-
ample, the input offset voltage on the AD544J, which has a
maximum oft2 mV, can be programmably trimmed#a0 V.

-15V

P 4
*; 620kS2

*DIGITAL INPUTS OMITTED FOR CLARITY

Microprocessor Interface
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*LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 22. AD7226 to 8085A Interface
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*LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 23. AD7226 to 6809 Interface
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Figure 21. Offset Adjust for AD544
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Figure 24. AD7226 to 6502 Interface
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Figure 25. AD7226 to Z-80 Interface




AD7226

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

20-Pin Plastic (N-20)

pan n.nnnnn i

20-Terminal Plastic L eaded
Chip Carrier (P-20A)

0.255 (6.477) i Toee
255 (6. 4. )
0.245 (62231 0.390 £0.005 ¢ (4.385 =0.185)
| {9.905 0.125) S& 0105 20.015
2 {2.665 +0.378]
IVTYTYTYTTTJ 0.32 (8.128) 0.363 £0.008 oo !
1.07 (27.18) | 0.30 {7.62) (8.966 =0.076) > ] fo- 2020y
! MAX 4 ¢t || mnnnon sy
0.135 {3.429) —
0.145 (3.68: )MIN[ 025 (3977, ¥ /t° / ¥R &2.395 ::'2“5‘,
i f NO.1 PIN
0.125 (3.175) 0.011 (0.28) 0.045 +0.003 L] - n)
MIN l 0.009 (0.23) (1.143 +0.076) E IDENTIFIER —t 0.029 +0.003
f e - |- Y 1 =y (0737 20076)
0.065 (1.66) 0021 (0.533) 0.1 (2.79) 15° O N
0.045 (1.15)  0.015 (0.381) 009 (2.29) 0 ToP
0.020 E ’ VIEW 3 3
O 0 A
) ) MAX ¥ o432 x0.
20-Pin Cerdip (Q-20) g |
¥ _.”‘_ o o g In-
0.025
0.02 -.i os&!‘- L—:.I DX
o.51) MAX 127 0.060 puny
0.28 (7.11) {1.53)
024 611
. i
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229 17.38 20-Terminal Leadless

24.64
.

0.97 .64) .
0.935 (23.75}

|
0.20 (5.0 0.18 (4.57) |
0.14 (3.56] 0.125 (3.18)
015 (3.8) I J L }
0.125 (3.18)

Ceramic Chip Carrier (E-20A)

0.082 = 0.018

0.011 (0.28)
W}o._zai (2.085 = 0.455) 0.040 x 45°
i [ - lo- - Qoz x 423)
EF 3 PLI
0.07 (1.78)  _0.02 {0.5) 0.11 (2.79) 15°
0.05 (1.27)  0.016 (0.41) 0.09 (2.28) 0 n
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PINT P
\ 0.4193 (10.65)
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1 10
>t e
0.0500 (1.27) 0.1043 (2.65) 0.0291(074) o
BSC 0.0926 (2.35) "I t‘onm 025)
e i
fow it i
0.0118 (0.30) 0.0192 (0.49) 0.0125(032) ;%‘;
0.0040 (0.10) 0.0138 (0.35) 0.0091 (0.23) : ©.
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