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CMOS 8-Bit DAC with Output Amplifier

General Description

The MX7224 is a precision voltage-output CMOS
digital-to-analog converter (DAC) which includes an
output amplifier on chip. Only an external reference
source is required for operation and the fully specified
accuracy is achieved with no external trims.

Double buffered interface logic is included to allow
simultaneous updating in systems which have several
DAC channels _in_operation. Control is provided by
CS, WR, and LDAC (Load DAC) inputs. A RESET
input is provided which acts as a zero override. All
logic inputs are compatible with TTL and 5V CMOS
logic levels.

Specified Performance is guaranteed for reference
inputs ranging from +2V to +12.5V when using dual
supplies. With a +10V reference the performance is
also specified for single supply operation. The DAC
output can drive +10V into a 2kQ2 load.

Applications
Automatic Calibration
Motion Control
Digital Attenuators
Function Generators
Functional Diagram

VI X1V

Features

% Voltage Output

¢ Complete DAC with Output Amplifier
€ Single or Dual Supply Operation

4 1 LSB Unadjusted Error
4 Double Buffered Logic Inputs

Ordering Information

PART TEMP. RANGE PACKAGE* ERROR
MX7224KN 0°C to +70°C  Plastic DIP +2 LSB
MX7224LN 0°C to +70°C  Plastic DIP +1 LSB
MX7224K/D 0°C to +70°C Dice +2 LSB
MX7224KCWN 0°C to +70°C Wide S.0. +2 LSB
MX7224LCWN 0°C to +70°C Wide S.O. +1 LSB
MX7224BQ -25°C to +85°C CERDIP*" +2 LSB
MX7224CQ -25°C to +85°C CERDIP** +1 LSB
MX7224TD -55°C to +125°C Ceramic +2 LSB
MX7224UD -55°C to +125°C Ceramic +1 LSB
MX7224TQ -55°C to +125°C CERDIP** +2 LSB
MX7224UQ -55°C to +125°C CERDIP"* +1 LSB

* All devices—18 lead packages
** Maxim reserves the right to ship Ceramic packages in liev of

CERDIP packages.

Pin Configuration

Top View
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3 |18
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MAXIM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MX7224

CMOS 8-Bit DAC with Output Amplifier

ABSOLUTE MAXIMUM RATINGS

Vi HEABND asnasemenmssnemammmesiins -0.3V, +17V
Vppto DGND ..o -0.3V, +17V
AGND o DEND . mammamims vovssmmmsnosy -0.3V. Vgp
Vegto DGND ...t -7V, Vpp *+ 0.3V
Vo0 Vige  wnmunnui e b cassem s s -0.3V, +24V
Digital Input Voltage to DGND ............... -0.3V, Vpp
¥aee 0PAGND wvevwmmsrmnraresneismmn e, -0.3V, Vpp

Vour to DGND

Power Dissipation (Any Package) to +75°C .... = 450mW
Derating above +75°C ...........ciiiiiiiin... 6mW/° C
Operating Temperature

MXT224K/L . 0°C to +70°C
MXT7224A/B covuinvsvnsvvin v v v -25°C to +85°C
MX7228T/U .o -55°C to +125°C

Storage Temperature

Lead Temperature (Soldering 10 secs)

-65°C to +160°C

.......... +300°C

The output may be shorted to AGND provided that the power dissipation of the package is not exceeded. Typical short circuit current to

AGND is 25mA.

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MX7224, Dual Supply Operation
(Vpp = +11.4V to +16.5V, Vgg = -5V £10%, AGND = DGND = 0V, Vger = #2V to (Vg - 4V) (Note 1), Over Temperature unless

otherwise noted.)

PARAMETER | symeoL | TEST CONDITIONS | mIN TYP  MAX |UNITS
STATIC PERFORMANCE
Resolution 8 Bits
_ Vage = +10V MX7224L/C/U +1
Total Unadjusted Error Vop = +15V & 5% | MX7224K/B/T P LS8
Relative Accuracy i e | Lss
Differential Nonlinearity Guaranteed Monotonic +1 LSB
MX7224L/C/U +1
Full Scale Error MX7224K/B/T 1% LSB
Full Scale Temperature _ o °
Coefficient Vigr = #10Y s RpInG
MX7224L/C/U +20
Zero Code Error MXT224K/B/T +30 mv
Zero Code Temperature MXx7224L/C/U +30 Vele
Coefficient MX7224K/B/T +50 #
REFERENCE INPUT
Reference Input Voltage Range Vier Vpp - 4 v
Reference Input Resistance Viaee 8 k(2
Reference Input Capacitance !
(Code Dependent, Note 2) Crer DAC at full scale code. 100 pF
DIGITAL INPUTS
Digital Input High Voltage Vink 24 v
Digital Input Low Voltage Vine 08
Digital Input Leakage Current Vi = OV or Vg _ V| ;,?
Digital Input Capacitance 8 ‘ SE
(Note 2) i ¥
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CMOS 8-Bit DAC with Output Amplifier

ELECTRICAL CHARACTERISTICS—MX7224, Dual Supply Operation (Continued)
(Vpp = +11.4V to +16.5V, Vgg = -5V £10%, AGND = DGND = 0V, Vgee = +2V to (Vpp - 4V) (Note 1), Over Temperature unless
otherwise noted.)

PARAMETER ISYMBOL ] TEST CONDITIONS | MIN TYP MAX | UNITS

DYNAMIC PERFORMANCE

Voltage Output Slew Rate

(Note 2) 25 10 Vius

Voltage Output Settling Time &

(Note 5) To 1/2 LSB, Vgge = +10V 2 5 us

Digital Feedthrough All 0's to all 1's code change, 50 V-

(Notes 3, 4) Ve = OV g

Output Load Resistance Vour = +10V 2 kQ

POWER SUPPLIES

Vpp Range For Specified Performance +11.4 +16.5 v

Vg Range For Specified Performance -4.5 -5.5 vV
Qutputs unloaded, T, = 25° 4

Positive Supply Current lop at V?NLNINH OSer 12':mcpj 6 mA
Outputs unloaded, T, = 25°

Negative Supply Current lsg at V?NLNWH O:er Temcp ‘g mA

SWITCHING CHARACTERISTICS (Note 2)

Chip Select to Write Setup Time tcs 0 ns

Load DAC to Write Setup Time ts 0 ns

Chip select to Write Hold Time teH 0 ns

Load DAC to Write Setup Time tn : 0 ns

Data Valid to Write Setup Time s B:!e:r ?rserr?p 1%% ns

Data Valid to Write Hold Time ton 10 ns

Write Pulse Width twa g‘:ﬂ; ?szcp ;gg ns

Chip Select Pulse Width tew g‘:;r ?rzmcp ;gg ns

Reset Pulse Width tas gte:r ?rzmcp ;gg ns

Load DAC (LDAC) Pulse Width b6 (T)t e ZTZ mcp ;gg ns

Note 1: Maximum possible reference voltage.

Note 2. Sample tested at 25°C to ensure compliance.

Note 3: Guaranteed, but not 100% production tested.

Note 4: Feedthrough is reduced by connecting the metal lid on the ceramic package (suffix D) to DGND.
Note 5: Positive or negative full scale change

Vi X2V 3
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CMOS 8-Bit DAC with Output Amplifier

ELECTRICAL CHARACTERISTICS—MX7224, Single Supply Operation
(Vpp = +15V =+ 5%, Vgg = AGND = DGND = 0V, Vgee = +10V (Note 1), Over Temperature unless otherwise stated.)

PARAMETER [ symeoL | CONDITIONS | MIN TYP  MAX [UNITS
STATIC PERFORMANCE
Resolution 8 Bits
Total Unadjusted Error +2 LSB
Differential Nonlinearity Guaranteed Monotonic +1 LSB
REFERENCE INPUT
Reference Input Resistance Rper 8 k(2
Reference Input Capacitance
(Code Dependent)(Note 2) Cher DAC at full scale code 100 pF
DIGITAL INPUTS
Digital Input High Voltage Vinu 24 v
Digital Input Low Voltage Vine 0.8 v
Digital Input Leakage Current Viy = 0V to Vpp 4 HA
Digital Input Capacitance 8 F
(Note 2) P
DYNAMIC PERFORMANCE
Voltage Output Slew Rate
(Note 2) 25 10 Vius
Output Settling Time Positive FS Chg 2 5
(Note 2) To 172 LSB, | Negative FS Chg 3 8 ps
Digital Feedthrough All O's to all 1's code change 50 Al
(Notes 3, 4) Vaer = OV
Output Load Resistance Vour = +10V 2 kQ
POWER SUPPLIES
Vpp Range For Specified Performance +14.25 +15.75 v
Positive Supply Current loo g)‘u\t;;l)::;sv:.:q:loaded. g\?e: 12‘e5m% g mA
SWITCHING CHARACTERISTICS (Note 2)
Chip Select to Write Setup Time tcs 0 ns
Load DAC to Write Setup Time g 0 ns
Chip select to Write Hold Time ten 0 ns
Load DAC to Write Setup Time ty 0 ns
Data Valid to Write Setup Time tos g‘;; ?rsen?p 1%% ns
Data Valid to Write Hold Time ton 10 ns
= ° 1
Write Pulse Width twa B:'er ?I'Zn*ncp 23% ns
: . = 25° 1
Chip Select Pulse Width tew gﬁrer ?rserr(l:p 238 ns |
|
= o 1
Reset Pulse Width ths &rer ?I'E;rr?p 233 ns
Load DAC (LDAC) Pulse Width s | e %-chp b ns

Note 1: Maximum possible reference voltage.

Note 2: Sample tested at 25°C to ensure compliance.

Note 3: Guaranteed, but not 100% production tested.

Note 4: Feedthrougn is reduced by connecting the metal lid on the ceramic package (suffix D) to DGND
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CMOS 8-Bit DAC with Output Amplifier

— Typical Operating Characteristics

RELATIVE ACCURACY vs. VRgr

T ={25°C. Vss 3 5V

+.50

RELATIVE ACCURACY (LSB)

Vpp = 5V Vog = 12V Voo = 15V

- 4 B B 10 12 14
Veer (VI

DIFFERENTIAL NONLINEARITY vs. VRer

+ 50

|
Ta =[25°C. Vg5 ={-5V i
|

+ 25

DIFFERENTIAL NONLINEARITY |LSB|

Voo = 5V Vg = 12V ] Voo =l15v

Vags (V]

OUTPUT SINK CURRENT
vs. Vour

4 Pss = -5y

)/Rn = 200¢!
12 / s =0

/ —

Igine (mA)

Vour IV

VIA X2V

Detailed Description
D/A Section

The MX7224 contains an 8-bit digital-to-analog con-
verter that operates in the voltage output mode. The
output voltage is of the same polarity as the external
reference voltage thus allowing single supply opera-
tion. A DAC switch pair arrangement on the MX7224
allows a reference voltage range from +2V to +12.5V.

The DAC consists of a stable thin-film resistor R-2R
ladder and eight NMOS single pole, double-throw
switches. A simplified circuit diagram is shown in
Figure 1.

2R 2R 2R 2R 2R
DBO DBS DB6 DB7
? o] ] T
VREF © g 5%
AGND © 4%

SHOWN FOR ALL 1'S ON DAC

Figure 1. D/A Simplified Circuit Diagram

The input impedance at the Vgee pin is code depen-
dent and varies from 8kQ minimum to infinity. The
lowest input impedance occurs when the DAC is
loaded with the digital code 01010101. Therefore, it is
important that the reference presents a low impedance
under changing load conditions. Capacitance at the
reference terminal is also code dependent and typically
varies from 25pF to 50pF.

The Vgyr pin can be considered as a digitally-
programmable voltage source with the output defined

by:
Vour = D * Vgee

where D is a fractional representation of the digital
input code and can vary from 0 to 255/256.

Output Buffer Amplifier

The DAC's voltage output is buffered by a unity-gain
CMOS voltage follower that slews at greater than
2.5V/us. This amplifier is capable of driving a 2kQ
load to +10V. When driving a 2k() load in parallel with
100pF with full-scale transitions (0V to +10V or ~10V
to OV), the output settles to 1/2LSB in less than 5us.
Typical dynamic response and settling performance of
the MX7224 is shown in Figures 2 through 7.

The MX7224 can be operated single or dual supply. In
single supply operation, Maxim's MX7224 can sink
and source up to 5mA. '
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§ - i |

Figure 6. Dynamic Response with Vpp = +15V, Vs = -

6

5V,

Figure 7. Dynamic Response with Vpp = +15V, Vss = OV.
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CMOS 8-Bit DAC with Output Amplifier

A simplified circuit diagram of the output buffer is
shown in Figure 8. Input common-mode range to Vgg
is provided by a PMOS input structure. The improved
output circuitry incorporates a Maxim proprietary pull-
down circuit to actively drive Vgt to within typically
+15mV of the negative supply (Vsg). Maxim's improved
buffer circuitry allows the output to sink and source
up to SmA. This is especially important in single
supply applications, where Vgg is connected to GND,
so that zero error is kept at or under 1/2LSB (Vpggr =
+10V). A plot of output sink current versus output
voltage is shown in the Typical Operating Charac-
teristics section.

Voo
é NPN

K EMITTER
FROM i FMD3 FOLLOWER PULL UP
2 Il
mum;ig “ l | s s
BUTPIT INPUTS —4 NMOS
) ACTIVE
PULL DOWN

CIRCUIT

E

Vs |

Figure 8. Simplified Output Buffer Circuit

Digital Inputs and Interface Logic

The digital inputs are compatible with both TTL and
5V CMOS logic. Power supply current, Igg and lgg,
are specified for TTL input levels. The supply currents
are somewhat dependent on input logic level and are
highest when the MX7224 is driven from TTL, however,
they can be significantly reduced if the inputs are
driven as close to +5V as possible.

Table 1 shows the truth table for MX7224 operation.
The part contains two registers, an input register and
input register while LDAC and WR control the transfer
of information from the input to the DAC register.
Only the data held in the DAC register will determine
the converter's analog output.

All control signals are level-triggered and therefore
either or both registers may be made transparent; the
input register by keeping CS and WR "LOW.,” the DAC
register by keeping LDAC and WR "LOW!" The rising
edge of the WR input latches input data.

The contents of both registers are reset by a low level
on the RESET line. With both registers transparent,
the RESET line overrides input data for the duration
of the RESET pulse. If both registers are latched, a
“LOW" pulse on the RESET will latch all O's into the
registers, with the output remaining at 0V after the
reset pulse has been removed. The RESET line can
be used to force OV on the output at power-up, and is
also useful as a zero override in system calibration
cycles. Figure 9 shows the input control logic for the
MX7224.

VI X2V

Table 1. MX7224 Truth Table

RESET | LDAC | WR | CS Function
H L L L | Both Registers are
Transparent
H X H X | Both Registers are Latched
H H X H [Both Registers are Latched
H H L L |Input Register Transparent
H H N L |Input Register Latched
H L L H | DAC Register Transparent
H L _§F | H |DAC Register Latched
L X X X | Both Registers Loaded
with all Zeros
H H H |[Both Registers Latched
e with all Zeros and Qutput
Remains at Zero
L L L | Both Registers are
£ Transparent and Output
Follows Input Data

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

LDAC
DAC REGISTER

{}

P INPUT REGISTER

WR

cs

RESET 47\
r
-
INPUT DATA
Figure 9. Input Control Logic
tlow —»]
Ccs (
tcs
-—| lw—1cH —lwr
twr—e=
__ X
W /
1Y
ILs |- -
lt—1 o
LDAC
1—-- tOH |t—
1 ips |=
DATA ;/, DJ\TA> LIS LSS 7
VT4 A 4 / //-' "_/ 4
il &3 Y
NOTES
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM
10% TO 90% of +5V 1, = 1} = 20ns OVER Vpp RANGE

2. TIMING MEASUREMENT REFERENCE LEVEL IS ""”L,‘,‘""“L

Figure 10. Write Cycle Timing Diagram
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Applications Information

Power Supply and Reference
Operating Ranges

The MX7224 is fully specified to operate with Vpp
between +12V + 5% and +15V + 10% (+11.4V to +16.5V),
and with Vgg from 0V to -5.5V. Eight bit performance is
also guaranteed for single supply operation (Vgg = 0V),
however zero code error is reduced when Vgg is -5V
(see Output Buffer Amplifier section).

For adequate DAC and buffer operating range, the
Vger voltage must always be at least 4V below Vpp
The MX7224 is specified to operate with a reference
input range of +2V to Vpp - 4V.

Ground Management

Digital or AC transient signals between AGND and
DGND will create noise at the analog outputs. It is
recommended that AGND and DGND be tied together
at the DAC and that this point be tied to the highest
quality ground that is available. |f separate ground
busses are used, then two clamp diodes (1N914 or
equivalent) should be connected between AGND and
DGND to keep the two ground busses within one
diode drop of each other. To avoid parasitic device
turn-on, AGND must not be allowed to be more
negative than DGND. DGND should be used as supply
ground for bypassing purposes.

Careful PCB ground layout techniques should be
used to minimize crosstalk between the DAC output,
the reference input, and the digital inputs. This is
particularly important if the reference is driven from
an AC source.

Unipolar Output

In unipolar operation, the output voltage and the
reference input are the same polarity. The unipolar
circuit configuration is shown in Figure 11. A slight
increase in zero error occurs when the MX7224 is
operated from a single supply (see Output Buffer
Amplifier section). To avoid parasitic device turn-on,
the voltage at Vgege must always be positive with
respect to DGND. %he unipolar code table is given in

Table 2.
v
i VRer 13’ DD
6
mss 287 .
? DATA ;
(8-BIT) ~ .
LS8 D8O DAC & — Vour
s 14
WR—2 AKX
LDAC & MX7224
RESET —
1 4| 5|DGND
Vgs AGND 1

Table 2. Unipolar Code Table

DAC CONTENTS
MsB LSB ANALOG OUTPUT
255
IO T T 1 90 Y £99
REF[ 256]
129
100 000 1 V,
0 *Vier ( 256]
1000 0000 v [128) ., Veee
REF 256 2
127
N il | I L [ +V
0 REF( 5 ]
0000 0001 v 3
REF 256
0000 0000 ov
|
; 1
Note: 1LSB = (Vage)(2'8) = +Vier (25-6}

Bipolar Output

The DAC output may be configured for bipolar opera-
tion using the circuit in Figure 12. Only one op-amp
and two resistors are required. With R1 = R2:

Vour = Vger * (2D - 1)
where D is a fractional representation of the digital
word in the DAC regiser.

Table 3 shows the digital code versus output voltage
for the circuit in Figure 12.

VREF ©
3 VRer 131\"00 R1
. R2
Mmsp DB7 —
DATA <
(8-BIT) ~ g Vi
LSB A
DBO _1?' DAC " YouT Ty
cs 1]
WR 2 AKX
Loac &/ MX7224
RESET !

1 | 4 5| DGND
Vgsg| AGND ,

= R1,R2:-10kQ - 01

Figure 11. Unipolar Output Circuit

8

Figure 12. Bipolar Qutput Circunt
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CMOS 8-Bit DAC with Output Amplifier

Table 3. Bipolar (Offset Binary) Code Table

DAC CONTENTS

MSB LSB ANALOG OUTPUT
127
11 11 11 1 1 V, v
*Vrer [ 128 )
1000 0001 +V, A
RER 428
1000 0000 ov

1
~Veer (1—28 )

127
~Vier ( ‘1“2"8‘ )

128)

~Vaer (1_28 = ~Vier

Offsetting AGND

AGND can be biased above DGND to provide an
arbitrary non-zero output voltage for a “zero” input
code. This is shown in Figure 13. The output voltage at
VOUT is:
Vour = Veias * (D * Vi)

where D is a fractional representation of the digital
input word and can vary from 0 to 255/256. For a
given V,, increasing AGND above system GND will
reduce the effective Vpp-Vggr which must be at least
4V to ensure specifieé) operation. Note that Vpn and
Vg for the MX7224 must be referenced to DGND.

Using an AC Reference

In applications where Vgrer has AC signal components,
the MX7224 has multiplying capability within the limits
of the Vgee input range specifications. Figure 14 shows
a technique for applying a sinewave signal to the
reference input where the AC signal is biased up
betore being applied to Vger. Output distortion is
typically less than 0.1% with input frequencies up to
50kHz, and the typical -3dB frequency is 700kHz.
,I:\Igﬁ[)that Vgpee must never be more negative than

15V
C
REFERENCE »—] |— 3 18
NPUT | Vet Voo
oty -
- ¥ 4
g O = DACH . ¥ Vour
-4y
MAXIN
MX7224
Vss AGND DEND

-5V {:wl 6HD) ‘ 1—1

*Digital Inputs Not Shown

Figure 14. AC Reference Input Circuit

Generating Vgg

The performance of the MX7224 is specified for both
dual and single supply (Vg5 = OV) operation. When
the improved performance ol dual supply operation is
desired, but only a single supply is available, a -5V
Vgs supply can be generated using an ICL7660 in one
O?the circuits of Figure 15.

18|00

w

I VREF
Vin ———————
AGND 2—0
| 4 DAC Vour

s AL 2P

VB]Ai | MX7224
1 | T 5
Vss DGND

- % O

DIGITAL INPUTS OMITTED FOR CLARITY

10uF

L

CAP+ CAP-

Ve
VLA KLV
1CL7660 Vour |

GND 11

-5V
Vs OUT

+

UFF

LAP- CAP-

5
LOGIC
SUPPLY

V1AL 201 5

ICL7660 Vour —l—' -5
Vgs OUT
GND 10.F

M

1

Figure 13. AGND Bias Circuit
Vi1 X 7]

Figure 15. Generating -5V for Vg
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Microprocessor Interfacing

A15
AB ADDRESS BUS s
8085A ‘J ; —
8088 ADDRESS p—{CS
DECODE | wliTDAC
_mAaXim
WR WR
MX7224
LATCH —Nops7?
ALE —={EN DBO
ADDRESS DATA BUS 5
ADO
LINEAR CIRCUITRY OMITTED FOR CLARITY

A23
Al

R/W
DTACK

D7

Do

ADDRESS BUS j
ADDRESS [ »|Cs
DECODE b »| LDAC

_mMAXIAMN
»{ WR

{ ] : MX7224
———— N pB7

DATA BUS ‘7

LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 16. MX7224 to 8085A/8088 Interface

A15
ADDRESS BUS 1
AD
6809 -J L
6502
i =5 ADDRESS cs
A AEN ‘becooe b »lipAc
MAXI AN
E OR ¢2 A—{>-C> = WR
MX7224
——Nos7
———4 08B0
D7
DATA BUS S
DO

LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 19. MX7224 to 68008 Interface

Chip Topography

Figure 17. MX7224 to 6809/6502 Interface

Al5
ADDRESS BUS 5
A0 ‘;] ’7
Z-80 ADDRESS —>{CS
DECODE b m{IDAC
_ sl
WR = WR
MX7224
DB7
rv DBO
D7
DATA BUS S
Do
LINEAR CIRCUITRY OMITTED FOR CLARITY

Figure 18. MX7224 to Z-80 Interface

10

(MSB) —4| e

- 0.073"
(1.85mm)

‘WR S
T8 92
3N
3
- DBO(LSB)
| — DB1

. '!Illllﬂllqi
DB6 ‘DBd—lDB2

DB5 DB3

. MAXIMN




MAXIMN

CMOS 8-Bit DAC with Output Amplifier

11

vcciXN



MX7224

CMOS 8-Bit DAC with Output Amplifier

Maxim cannot assume responsibility for use of any circuilry other than circuilry enlirely embodied in a Maxim producl. No circuil patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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