AKXV

CMOS P-Compatible 12-Bit DAC

. ..____ General Description Featlures
The MX7542 is a CMOS 12-Bit digital-te-analog con- 4 12-Bit Resolution
vorter (DACYH which directly interfaces to both 8-bit . -
and d-kit microprocessors. Input data is loaded as ¢ £1/2 LSB Linearity Over Temperalure
‘hree 4-bit bytes, and is then transferred to an internal 4 +1L5B Gain Accuracy (MX7542G)
12-tut DAC register. Data load and transfer interface 45 £CM Gain Drift
uming is similar to that of a static RAM write cycle. ppm ax. Lain Dri
A clear input is also provided which resets the DAG ¢ Microprocessor Compatible
register to all zeros. This can be used to initialize the ¢ 40mW Max. Power Dissipation
device on power up or during software calibration ,
roLTInGs. 4 +5Y Operation
Low power ¢onsumption, +5V operation, and multi- _ Ordering Information
plying capability make the MX7542 suitable for
numerous high precision processor cantrolled DAG B
applicaticns. The MX7542 is supplied in 16-lead DIP PART TEMP. RANGE _ PACKAGE" ERROR
and Small Outline packages. MXT75420N 0°C ta +70°C  Plastic DIF {1L5B
MX7542ZKN 0°C to +70°C  Plastic DIP +.LSB
MAT542GKN 0°C to +70°C Flastic DIP +. 158
MX7542JCWE 3°C o ~70°C Small Cutline 1 LSBE
Applications WMX7542KCWE  0°C to -70°C  Small Outhre ', LSB
MXTE42GKCWE  0°C ta -70°C Small Cutline < LER
Programmable Power Sources -
- ] | Mx75420:D 0°C to -70°C  Dice -1 LSB
Portable Test Equipment MXTS42A0 254G to +H5°C Ceramic -1 LEB
Digitally Gontrolled Filters MXT542RD 28 ta +BETC Ceramic L LSB
Auto-Calihration Circuitry MX7842GBD  -25°C to +B5°C  Ceramic - LSB
Motion Gontrol Systems MX7542AQ 25°C to +85°C  CERDIP*: -1 L3B
MX 754280 -25°C to -B5°C  CERDIP™ + . LSB
MX7542GBQ  -25°C to -85C  CERDIP™" b LSB
MX 754250 55°C to -125°C  Ceramic 11 1.SB
. . MX7542T0 -56°C 10 +125°C  Ceramic I LSB
- — Funcﬂonai D'agram MX7542GTD -55°C 1o +126°C  Ceramic b 5B
MK 754250 -55°C tg +125°C  CERDIP*" +1 LSE
MX7542TQ -55°C 10 +175°C  CERDIP +'LSB
‘e MX7S42GTQ -55°C 1o 1125°C CERDIP*” t1 LB
13 AN devices 1§ lead packages
15 “t Maxim reserves 'he night to shup Cerdgine pdckages inohen 0!
I_HFH CERDIP packages
aaxim : PLYING DAZ e
MX 7547 b2 BT MULTI L o Pin Configuration
= 12 aona
13 12-B17 DAC REGISTER n .
CFt IE3 Top View /S
o | oI e P Q] ] Frs
1 H-BYTE M-BYTE LOYTE
S ness bad Dma ] ) e DATA Tz} ) Vaer
S oo HEGISTER REGISTER AEB!S TER AGND 5] 2] Vg
0 it T X Ptz
, L0g ,‘ 03[%] #x7542 |13 GLA
o [ IR L. 02(s] [72) DGND
o m [} 1) Al
b2
L- - 203 s oo 2 0 AD
L8 [] [ =] WR
AV AX 1M Maxim tntegrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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MX7542

CMOS P-Compatible 12-Bit DAC

ABSOLUTE MAXIMUM RATINGS

Voo o AGND L DAV, -7V
Von 10 DGND oo e S0.3V, ~7V
AGND W DGND oo e Yoo
DGND to AGND oo 5

Digital Input Voltage 10 DGND

Power Dissipation ...,

(derate Bmw;° C abave +70°C)
Operating Temperature Range
Commercial MX7542.0, K, GK ... .
Industnal MX7542A4, B, GB. ... ... ...

. 450mwW

LGt s 0n G

25°C o -85°C

(Pins a-11, 13)
Vi Yoy to AGND
Vi, 10 AGND
Voeg Lo AGND

Military MX7542S8. T. GT..............
Storage Temperature

=25V

Lead Temperature {Saldering 10 sech ..... ......

-55°C 1o 1257 C
-65°C 10 +150°C
~300°C

Stresses above (hose hsted under "Absoiute Maximum Ratings” may ceuse parmanent damage to the device. These aro sirgss rahngs onfy ang
funéhanal operanon of the device al these or any other conditions above those indicated it the operahonal secrions of the specificatiors 1s nu!
imphed Exposure fo absofute manmum ranngs conditions for extended penods may affact device refrabiiity.

ELECTRICAL CHARACTERISTICS

(Ta = Toow t© Thaxe Vop = #5V, Vaee = H10V. Vo - = V72 = GND, unless otherwise specified)

PARAMETER |SYMBOL| CONDITIONS MIN TYP MAX | UNITS
DC ACCURACY
Resolution 12 Bits
MX7542)/8/5 10
Mon-Linearity MX7542K/B/T +05 L58
| MXT542GK/GB/GT +05
MX75420/A75 (Nate 1) +2
Qifferential Non-Linearity MATS542K/8/ T (Mote 2) 11 L3B
MX7542GK/GB/GT (Note 2) +1
MX7542J/K/A/B/S/T T, =25°C +12.3
MXT542J/K /AR Toin 10 Thaax 1135
MX75425/T T e T, 1145
Gain Errar MIN MAX =2 sh
MXT7542GK/GB/GT Ta =25°C =1
MX7542GK/GR T e 16 Thax 41
MX7542GT Than 19 Thax *2
Gain Temperature Coefficient
'fﬂv
AGaini ATemperature (Note 4) 2 5 ppm/*C
Power Supply Rejection SRR | Vpp = +4.75V 10 +5.25V o~ L 0005 1o vy
win 10 Thaax Qo1
T, = 95°C 1
Output Leakage Current MX7542J/K/GK T 10 Thax 10 WA
ioure loues (Note 3) MX7542A/B/GB T 0 Thuax 10
MX75428/T/GT Tom 12 Thax 200
DYNAMIC PERFORMANCE [Moic 4)
Qutput Current Settling Time To 1/2 LSB, Cutl Load = 1000 ? /s
Feedthrough Error Vagr = T10V 10kHz sine wave 2.5 mypp
REFERENCE INPUT
Input Resistance (pin 15) | Rpgr | 8 15 25 kO
ANALOG OUTPUT (Note 4)
Cori | DAC Register 0000 0000 0000 75
Couri | DAC Register 1111 71111 1911 260
Output Capacitance oute | DAC Register 1311 1111 1111 75 o ;
SuTa | DAC Register 0000 0000 0000 260 |

WA XK 200



CMOS P-Compatible 12-Bit DAC

ELECTRICAL CHARACTERISTICS (Continued)

1T = T 10 Tgane Vo - ™8V Vogr - =10V, V. = Vg - = GND. unlass otherwise specified)

MAX

PARAMETER !5YMEIOL| CONDITIONS MIN TYp UNITS
LOGIC INPUTS
Logic HIGH Voltage Vipg ! 130 y
Logic LOW Voltage Vine +0.8
Logic Input Current I OV or Vg, 1 A
Input Capacitance (Note 4) Cin B pF
SWITCHING CHARACTERISTICS (see Figure 6} (Note 5)
. . T, =258°C 120
Write Pulse Width [ A
L il Ty 10 Topay 220
Address-to-Write Hold Time t Ta=257C >0
AW Trine 10 Thpax b5 ns
. . T, = 25°C 50
Chip Select-to-Write Hold [P A
oW Tam 1€ Thax 100
L ) T, - 25°C 200
Minimum CLEAR Pulse Width 1 A
| CLR Thin 10 Tigax 300 )
BYTE LOADING
Tn = 25°C 60
Chip Select-to-WRITE Setu t o
P P CWE | T 10 Ty 130
. Ta = 29°C 80
Address Valid-to-Write Setup taws o 10 Topax 180 i,
: T, - 25°C 50
Data Setup Time 1 A
P B3| Ty 10 Toax 65
Ts = 25°C 50
Data Hold Time t A
[ = Thin 10 Trax 65 ]
DAC LOADING
: T, 25°C 60
Chip Select-to-WRITE Setup t A
oS Toama 10 Tpaax 150 I
. T, = 25°C 120
Address valid-to-Write Setup taws | Tun 10 Tya 240
POWER SUPPLY
Supply Voltage Voo | 5Y I 5% 475 525 v
Supply Current lnn | 25 maA
Note 1: Monotonic ta 11 bits from Ty te Tyax
Note 2: Monotonic 1o 12 bits from Ty t0 Tyay
Note 3: |, tested with DAC register {oaded to all 0's
louts tested with DAC register loaded to all 1's.
Note 4; Guaranteed by design but not tasted.
Note 5. Sample tested at +25°C to ensure compliance
WAV 3

crSLXIN



MX7542

CMOS .P-Compatible 12-Bit DAC

Detailed Description

The basic MX7542 DAC circuit cansists of a laser-
trimmed, thin-film R-2R resistor array with NMOS
current switches as shown in Figure 1. Binarily
weighted currents are switched to either OUT1 or
OUTZ depending on the status of each input bit.
Although the current at OUT1 or OUT2 will depend
on the digital input code, the sum of the two ocutput
currents is always equal to the input current at V-
rminug the termination resistor current (Rq).

Either current output can be converted into a vaoltage
externally by adding an output amplifier (Figure 4).
The Vg input accepts a wide range of signals in-
cluding fixed and fime varying voltage or current
mputs. It a current source is used for the reference
iput, then a low temperature coetficient external
resistor should be used for Rgg to minimize gain
variation with temperature.

Equivalent Circuit Analysis

Figures 2 and 3 show the equivalent circuits for the
R-2R lagder when all digital inputs are LOW and
HIGH respectively. The input resistance at Vpgr is
nominally 15kQ and does not change with digital
input code. The Iggr/4096 current source. which is
actually the ladder termination resistor {Ry, Figure 1),
results in an intentional 1-bit current loss to GND.
The || pakage Current sources represent junction and
surface leakage currents.

Capacitors Cyyrq and Cqypp represent the switches
ON and OFF? capacitances respectively. When all
inputs are switched from LOW to HIGH, the capaci-
tance at OUT1 changes from approximately 75pF to
260pF. This capacitance is code-dependent and is a
function of the number of ON switches that are con-
nected to a specific output.

VReF

BIT 1 (M5B) BI

BIT3  BIT N (LSB)

Switches Shown For Inputs High

Figure 1. MX7542 Functionaf Diagram

..___ Circuit Configurations

Unipolar Operation

The most common configuration tor the MX7542 is
shown 1n Figure 4. The circuit is used for unipolar
binary operation and/or 2-quadrant multiplication, The
code table is given in Table 1. Note thal the polarity of
the outpult is the inverse of the reference input.

In many applications, gain adjustment of the Mx7542
will not be necessary. In those cases, and also when
gain is trimmed but only at the reference source,
resistors R1 and R2 in Figure 4 can be omitted.
However, it the trims are desired and the DAC is to
operate over a wide temperature range, then low
tempco (<<300ppm/° C) resistors should be used at R1
and RZ2.

- 15K
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- Reg
{R
ouT1

H = 15K
VREF I=—*A 4 -
— _L
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CMOS .P-Compatible 12-Bit DAC

+5Y R2*

10pF-33pF
15 -
Vin m VREF WA X1/ >—<—I- Yout
A1 | MX7342 oUT2/ 7 > A axin
DGND  AGND MAXA00
{12 3

“TRIM )

RESISTOR | VA8 | KET
A 000 10002
nz 4702 330

Figuie 40 Unepolar Binary Operation

DGND _ AGN

Tz )
= — Sk} 100

“TRIM .
RESISTOR | YWVE | KEBT
F1 1M 13003
| F2 4741 350

Figure 5. Brpoter Operatian (4-Quadrant Muitiohication,

Bipolar Operation

With the circuit configuration in Figure 5, the MX7542
operates in the bipalar, or 4-quadrant multiplying
mode. A second amplifier and three matched resistors
are required Matching to 0.01% is recommended for
12 it performance. The code table for the output,
which is “offset binary”, is listed in Table 2. In multi-
plying applications, the MSB determines qutput po-
lanty while the other 11 bits control amplitude.

VLA v

Table 1. Code Table—Unipolar Binary

DIGITAL INPUT
MSB LSB ANALOG OUTPUT
111 1111 Y111 -y _4.99_2
REF L 4096
1000 DOO0OO QOOO v I2048} Yaes
“YReF 4096 - 2
;
0aQo0D DOODO QOO =Vaer dége)
0O0N0 D0O0C 000D av
Table 2. Code Table—
Bipolar {Offset Binary} Operation
-1
DIGITAL INPUT .
| MsB LSB - ANALOG OUTPUT |
{ I
; 2047 .
P11 11110 1111 Vo 2081 | |
! f
1000 0000 Q001 Vagr T,| .
| 2048 | !
1000 0000 0000 oV
11T T 1 [
Vi \ 2048 ]
, .
DOOD 0000 0000 _vp=Flﬂ’f‘5
2048 |

To adjust the circuit, load the DAC with a code of
1000 Q000 0000 and trim R1 for a OV output. With R1
and R2 omitted, an alternalive zero trim is tg adjust
the ratio of R3 and R4 for 0V out. Full scale can be
trimmed by loading the DAC with all “zeros™ ar all
"ones” and adjusting the amplitude of Vpgp or varying
RS until the desired positive or negative autput is
abtained. If gain and offset trims are not required, R1
and RZ in Figure 5 can be omitted.

cPSLXWN



MX7542

CMOS . P-Compatible 12-Bit DAC

Interface Logic
Interface Logic Information

The MX7542 Truth Table is shown in Table 3. The
high, middle and low byte, 4 bit data registers are
loaded separately. The 12-bit DAC register is then
loaded with the contents of the 3 data registers. The
interface timing (Figure 8) is the same as writing to
static RAM.

The CLR input asynchronously resets the 12-Bit DAC
Register to Code 0000 0000 0000. In a unipotar mode
the DAC output will be set to & valts. In the bipolar
mode a CLR input resets the DAC output to -Vier

Notes:

1. 1 indicates logic HIGH

2 Oondicates logic LOW

3 X indicates don't care

4 ¥ indicates LOW to HIGH transition

5 MSB —  XKXX XXXX  XXXX -~ LSB
high middie low
byte byte byte

8 These control signals are level triggered.

Table 3. MX7542 Truth Table
MX7542 Centrol Inputs

A, | A, | G5 |WR [CLR

X XX X 0

MX7542 Operation

Resets DAC 12-Bil Register to
Code 0000 G000 0000

Data Registar Qn
Edge As Shown

1 |Load 12-Bit DAC Regisier Witk
Data In LOW Byte, MIDDLE

. Byte & HIGH Byte Data

; Registers'®

X | X 1 X 1 No Qperaticn '
Device Not Selected |
oo o _r 1 |Load LOW Byte'
! Data Register GOn
i Edge As Shaown Load
o[ 1] o | | 1 [Loac MIDDLE Byte=| APPIcaRle
Data Register On R:gmer |
Edge As Shawn with Dats |
V1O 0 | | 1 |Load HIGH Byle'™ | At DD,
iy

|-l¥ ADDRESS BUS VALID————— 3
AD-AY A Vi
(PINS 10. 11) ™
‘ I I e tawn |
cs ‘
(PIN &)
- lowe —— iﬂi !(:wu—b‘
WR
|
- tns p‘q—»‘ 1573
03-00 ViH
(FING a7} Vi

DATA BLIS
= "vaLio

NOTE TIMING MFASUREMENT REFERENCE LEVEL IS Vig = V)

L

Frgure B MXTELD Tuneng Diagram
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CMOS ,P-Compatible 12-Bit DAC

_ —-.. . Application Information
Output Amplifier Offset

For best hinearity, OUT1 and OUT2 should be termi-
nated exactly OV In most applications QUT1 is con-
nected to the summing junction of an inverting op-
amp. The ampbfier's input offset voltage can degrade
the linearity of the DAC by causing OUT? to be
terrminated t0 a non-zero voltage. The resulting error
is:
Error Voltage = V(1 + Reg/Rp).

where Vg is the op-amp’s offset voltage and Rg 15
the outpul resistance of the DAC. Ry is a function of
the digital input code, and varies from approximately
15k} to 45k€). The error violtage range is then typically
4/3V 5 to 2Vqg, 8 change of 2/3V5g. An amplifier with
3mV of offset will therefore degrade the linearity by
2mV, almost a fuli LSB with a 10V reference voltage.
For hest linearity, a low-offset amplifier such as the
MAX400 should be used, ar the amplifier offset must
be trimmed 10 zero A good rule of thumb is that Vg
shauld be no more than 1710 of an LSB's value.

The output amplifier input bias current {lg) can also
Iimit performance since Iy » Rgg generates an offset
error, Iy should therefore be much less than the DAC
output current for 1 LSB, typically 250nA with Vg, -
10V. One tenth of this value, 25nA. is recommended.
Offset and linearity can also be impaired i the output
amplifier's noninverting input is grounded through a
‘bias current compensation resistor”. This resistor
adds o offsel at this pin and should not be used. Best
performance is obtained when the nontnverting input
15 directly connected to ground.

Dynamic Considerations

In static or DC applications, the AC character stics of
the output amplifier are nct critical. In higher speed
applications. where either the reference input is an
AC signal or the DAC output must quickly settle 1o a
new programmed value, the AC parameters of the
output op-amp must be considered.

Another error source in dynamic applications is para-
silic coupling of signal from the Vgee terminal to
OUT1 or OUT2. This is normally a function of board
layout and package lead-to-lead capacitance. Signals
can also be injected into the DAC outputs when the
digital inputs are switched. This digital feedthrough is
usually dependent on circuit board layout and on-
chip capacitive coupling. Layout induced feedthrough
can he mimnimized with guard traces between digital
nputs, Vper. and the DAC outputs.

WKL - -

Compensations

A compensation capacitar, C1, may be needed when
the DAC is used with a high speed output ampltier.
The purpose of the capaciter is to cancel the pole
formed by the DAC's output capacitance and internal
feedback resistance. its value depends an the type of
op-amp used but typical values range from 10 to
33pF. Too small a value causes cutput ringing while
axcess capacitance overdamps the cutput. The size
of C1 can be minimized, and output setthing parform-
ance impraved, by keeping the PC board trace and
stray capacitance at OUT1 as small as possible.

Grounding and Bypassing

Singe OUT. OUTZ and the output amp's noninverting
inputs are sensitive to offset voltages, nodes that are
to be grounded should be connected directly to
“single point” ground through a separate, very low
resistance (less than 0.2(}) path. The current at OUT!
and QUTZ varies with input code, creating a code
dependent error if these terminals are connected to
ground {or a virtual ground) through a resistive path

A 1uF bypass capacitor. in parallel with a 0.01uF
ceramic cap, should be conrnected as c¢lose ta the
DAC's V5 and GND pins as possible.

The MX7542 has high-imgedance digital inpuls To
minimize noise pick-up, they should be tied to either
Voo or GND when not used. 1t is also good practce
to connect active inputs ta Vo or GND through high
valued resistars (IMQ} to prevent static charge
accumulation if these pins are left floating, such as
when a circuit card is left unconnected.

__ Chip Topography

1M 13 12 1
VDP CIi.H DGND Al

VREF
15
Rra

16

_10g
2.54mm

ouTt
1

ouT2
4

AGND
Y 3
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