WAXI/V

High Speed 12-Bit

Monolithic D/A Converters

General Description

The MX565A and MX566A are 12-bit manolithic digital
t¢ analog canverters (DACs) built in bipolar tech-
nology that offer an excellent combination of high
speed settling and £':LSB lingarity, The MX565A also
features an cn-chip precision 10V reference, whereas
the MX58BA requires an external reference

Laser trimming of the on ¢hip thin film resistor net-
works achieve £4LSB typical Mnearlty (+4£LSB max.)
at +25°C. Full scale settling time to 2% L3B is specifed
at 250ns max. for the MX565A and 350ns max. for the
MX5B6A. This high speed and accuracy makes the
MX565A and MX566A DACs ideal choices for fast
analog to digital converters and CRT display drivers,

The MX565A and MX566A contain onboard applica-
tion resistors that can be used as feedback and offset
resistors with an external output amplifier to generate
unipolar and bipolar ¢utputs or as the input resistors
in analog to digital converter applications. The excel-
lent matching and tracking of the DAC's current
setting resistor and application resistors assure good
gain stability over both time ana temperature.

_ Applications

High Speed Display Drivers
High Speed Control Systems
High Speed A/D Converters
Data Acquisition Systems
Test Equipment

Features

250ns Settling to ~:LSB
Montonicity Guaranteed Over Temperature
TTL and CMOS Logic Compatibility

%( Stability Buried Zener 10V Reference
565A Only)

I‘."zLSB Linearity Guaranteed Over Temperature
{MX565AK,AT and MX566AK AT Only}

Low Power Consumption: 225mW
Widely Second Sourced

0000000

Ordering Information

PART  TEMP.RANGE  PACKAGE' ERROR |
| MXSE5AIN (°Cto 170°C __Plastic DIP LS8 *
MH5654JD 0°G 10 +70°C  Ceramic ~%LSB
MX665AJQ 0°Cto +70°C  CERDIP™  4%LSB |
MXAG5AJCWG 0°Cto +70°C Small Cutline 1L SB
(MX5654JC/D  0°G1o +70°C  Dice 11,58 |
MXIB5AKN . 07 Cto +70°C Plastic DIF’i ~L 5B
_ME‘\KD— 0°C o +70°C Ceramic o “=LSB—
MASE5AKQ 0°Cto-70°C  CERDIP'®  t.LSB
MXSESAKCWG  0°C1o+70°C  Small Outhne - <LSB
MXSBSASD  -E5°C1la-125°C  Ceramic <158
MAE85ASC  -56°C10 +125°C  CERDIP™ 088 |
EXS%_A_TD -5 Cto +125°C Ceramic ri‘-thiEui
MXSESATQ  -§5°Cto +125°C _ GERDIP™™  * SB |

‘Al devices — 24 lead packages

Tt MAXIM raserves the right to ship Ceramic packages m heu of
CEARDIP packages

Crdering mformation for MX5G8A continued on back page

Pin Configurations

—\ Top View
NC T 22] BIT 1 [MSBI IN P ] " [l BIT 1 (MS8) N
NC (2] 73] BIT 2 IN E 3] BIT 2 IN
VYpe +18Y 5 [22) BIT3IN REFERENGE GND 3 23] BIT 24N
REF DUT (+10V +1%) <] 2] BIT 41N A e SUMMING é 23] BIT 41N
REFERENCE BMD (5|, iscie [P BITEIN REFVHIN ] .. PFBITsiN
REFERENGE N [£] %3654 [ BIT GIN ”EE““”" (6] #x3664  [1a] )T 6IN
Ve - 15V [7] 8] BIT 7IN BIPOLAR I]FFSET i m o] EB.II BITTIN
BIPOLAR OFFSET IN ] [77) BIT B IN NC [s] 37" BIT B IN
OAC DUT (-2mA F §| ¥ | (5] BITQIN DAG OUT (-2mAF 8] [5] %] BIT 9 IN
10V SPAN R [10] =] RIT 101N 10V SPAN R ] =1 BIT 101N
20 SPAN R 1] [14] BIT 11 IN 20V SPAN R [7] & BIT1IN
POWER GND [°Z] 3] BIT 12 |LSB) IN FOWER GND 73z [13) BIT 12 LSB| IN
VAKX IV - _Maxim Integrated Products 4
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MX565A/MX566A

High Speed 12-Bit

Monolithic D/A Converters
ABSOLUTE MAXIMUM RATINGS

Ve to Power Ground (MX565A only). .. ... .OVto-18Y
Vi o to Power Ground . ... 0V 1o =1BY
Voltage on DAC Culpul ... 00 o -3V ko 12V
Digital Inputs (pins 13 to 24) to Power Ground .. ... .. RLA -RFaY
REF IN to Reference Ground ........... oo ooveeis =12V

Bipolar Offset to Reference Ground .
10V Span R to Reterence Ground ...

—12v

................... zi2v

20V Span R to Reterence Ground ...
REF OUT (MX565A only)

Shert Circuit to Power Ground ... Cantiruous
ShOr 1o Ven « o iee co e e e Momentary
Storage Temperature .. PR -60° G to -150°C
Lead Temperature (Soldering. 10sec) ... ... .. 3G
Package Dissipation ... o e 1000mwW

Stresses above those hsted under "Abspiuste Maximum Rahings' may cauwse permanen' damage to the device These are Stress ratings aniy and funcional
oparation of tha davice af these ar any other canditions above (hcsa indicated i the operational sections of the specification s natimpiied Feposore o
atsoiute macimum rahngs condilimns for extenderd periads may affect the deviga reliability

ELECTRICAL CHARACTERISTICS

(Ta = -26°C, Vo = +15Y (MXBB5A onlyl, Vep ~ -15V , unless noted)

! MX565AJ, AS MXSB5AK, AT -
PARAMETER CONDITIONS MX566AJ, AS MXS66AK, AT UNITS
MIN, TYP. MAX. . MIN.  TYP. MAX.
Data Inputs (Pins 13 1o 24)
Input Voltage
Bit CN Logic ™" TTL or 5¥ CMQOS 20 +55 =20 +5 5 v
Bit OFF Legic ©7 Trein 10 Trapy (Note 1) a +0.8 0 108 v
Lagie Current {each bit) ’
Bit OM Logic "1" 120 =300 +120 +300 uh
Bit OFF Logic "0 135 -~100 -3 +100 nA
Resolution 12 12 Buts
Cutput
Cutput Current I
Unipolar {all bits on} 186 -20 -24 -8B 20 24 mé
Bipolar (all tuts an or off) 0.8 1.0 =12 | +Db¥ +10 1.2 A
oty h — i R
Output Resistance ‘ w |
(exclusive of span résistors) b 8 10 ! & 8 - | kit I
Qutput Offsat | ‘ !
Unipolar 001 0.0z a.01 (s
({adjuslable to zero per Fig. 1) Shaolf S }
Bipalar - e
(Fig. 2. A, and R, = 5001 fxed) ans 015 oos 0T
Output Capacitance 25 25 nF
Qutput Corrpliance Voitage Trin 10 Thaax -15 +10 -13 +10 v
50 -, . S R |
Avcuracy {0,006} (0012} {0 203) (0008 I 5B
terror reative to full scae) . o o o IEN . ol F 3
MIN rax 10012} (0018) (0.006) (00120
oo Vo o .- -
Chtterential Nonlinearity +2", € - - ' LSE
Traita 12 Traax Moncoten city Guarantecd {
Temperature Ceefficients
MXBE5A with Internal Refererce
Unipolar Zera 1 2 | 2 i
Bipolar Zera 5 10 5 10
Gain (Full Scale)
TARSB3A 15 ati] Copem (G
PAXDROAK 10 20 ‘
AXSESAS 15 30
TAXBBHAT ‘f 15 ’
Di*ferential No-linearity 2 z !
LAXSEEA | w
Unipalar Zero 1 2 ' 1 2
Bipolar Zero 5 W £ n |
Gain (Fa | Scaled ppm " C
A¥366A0 AS 7 10 !
ASBEAK, AT 3 !
Ci*ere-tial Nanhnearty 2 2
2 - ALK P




High Speed 12-Bit
Monolithic D/A Converters

ELECTRICAL CHARACTERISTICS (continued)

(T, = +25°C, Voo = +15V (MX565A only), Vee = 15V . unless noted)

MX565AJ, AS MX565AK, AT
PARAMETER CONDITIONS MXS66A, AS MX566AK, AT UNITS
MIN. TYP. MAX. | MIN., TYP. MAX.
Full Scale Transition {Note 3i
709 to 90% Delay plus Rise Tima 15 30 14 30 ns
0% 1o 10% Delay plus Full Time 30 50 30 50
Seftiing Time 10 within % LSB MXG65A (Mote 3) 150 250 130 250 e
All Bits o tg-0fl or ull-ta-on MX566A (Note 3) 250 350 250 380 =
Temperaiure Range AJd AK 0 -70 o +70 oG
{Gperating} AS AT -55 +125 -55 ~125
Power Requirements (MX565A Onily)
i . o imE 3 5 3 5
I AV = Vgl #1685V 1z -1 H2 -8 mA
+V Gain Sensitivity . N N 3 10 3 10 ppm oot
Ve Gar Sensitvity (Nowe 2) 114V Ve > 18.5Y 15 25 15 25 F.S. ¢ J
Power Requirements [MX566A Only) '
-l -2 -3 42 20 1 oma
114V | Vee| = 16.58V : ;
Ve Gain Sensitvity 15 25 15 25 ?;Dén .?,C
I 0to-5 010 +5 7
-25t-25 25tp 125 |
Prog_ra_mmahle Dutpul‘nangea Ses Figs 4.5 Oto+10 Uto -10 1 v
(M7 5B5A ana MAEEEAY 510 15 51+
-101tc +10 10t +10
External Adjustments
Gair Error with Fixed 501! Resistor o =0.28 +01 0eh
Bipolar Zero Error
with Fixad 500! Resistar See Figs. £.6 =005 015 tos =0 Mool F.S
Gan Adjustment Range -0.25 -0 25
Bipolas Zero Adjastment Range 015 015
Aeference Input Impedance 15 20 25 15 20 25 ki
AReference Quipul Yoltage
1AKSERA Only) 0.90 10.00 10.10 S 90 1000 010 v
Reference Outpul Current
available for external lpacs)
56854 Only! 15 25 1.5 25 ma
Pawer Dissipation !MX5654) 225 345 225 245 mw
1A% SBEA 180 300 180 300
Multiplying Mode Performance {MX586A Cnly)
Quadrants Two (21 Bipclar Operation at Digital Input Qnly
. FRe'ererce Voltage 1V to =10V, Un polar
' Ageuracy 10 Bits {=0.05% of Reduced F § ) for 1V DC Reference
Re‘erence Feedthrodgn (Lnipolar mode. all bits OFF, and Vollage
1 ta =10V “p-p] sinewave frequency for o LS8 |p-p!
‘gedthrough) 4k Hz typ
Output Slew Aate 104%-90% EmAus
90%-10% TmAus

n refererce voltaget

Outpur Setthng Time {2l bits on and & G-10V step change

Control Amplltier {MX566A)

Ful' Power Ban2wigin 300kH7 !
Small-Sigral Closed-Laoop Bandwidth 1.8MHz '
Note 1:  Tnz digital input leveis are guaranteed but ~ot tested over the temperatare range.
Wote 22 Tre power supply gain sensitvity 18 tested ir reference to a Ve of +15V and Vez of 18V d.e
Note 3:  Sample asted a1 -25°C to ensurc compliance
-
VIV -

1505 tn 0 01% F.5.
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High Speed 12-Bit

Monolithic D/A Converters
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Note 3 Pin #s in parenthesis for MX5664

124112
POWER
GWD

Figee 1 Functiona) Biock Drayran

__Circuit Description

The MX565A and MX566A are 12-bit precision DACs
that consist of three binary weighted quad current
sources with 161 interquad current dividers (see fig-
ure 1). Each quad has four current switches with
8-4-2-1 current weighting ratios. The current switches
areg optimized for fast switching and low transient
glitches at the output of the DAC during input code
changes,

Full scale avcuracy of the DACs are maintained over
temperature and time by the DAC control amplifier
that includes a current switch reference device that
implements first order correction for resistor. transistor
V3e and beta changes with temperature so that the
only remaining errors are those that are induced by
component mismatch.

The MX565A has a buried zener diode that is used for
the on chip 10V voltage reference. In the feedback of
the reference amplifier 15 a temperature compensa-
tion circuit that allows reference temperature coeffi-
cients as low as 10ppm/° C to be achieved. The 10V
output of the voltage reference is laser trimmed to
within 210mV,

Application Hints

To realize the true performance of the MX565A and
MX566A special attention must be taken in the appli-
cation of the device.

The settling time of the DAC is specified in the
current output mode. However. most DAC applications
reguire a current to veltage conversion. The simplest,
and fastest voltage conversion technique is achieved
by connecting a low value resistor directly between
the output and ground (see figure 2j. The settiing
time is a function of the cell switching and the RC
time constant of the MXS85A and MX56BA output
capacitance (typically 25pF) pilus any stray capaci-
tance, and the vaiue of the output resistor. Settling to
0% (:LSB) of full scale for a full scale change
requires 9.1 time constants. The effect of the external
resistor becomes important when the equivalent resis-
tance at the output of the DAC 1s over 1k{).

The wide compliance voltages of the MX5B5A and
MX5GBA allow direct current to voltage conversion
with just an output resistor. Connecting the internal
gain (span) resistors {pins 10 and 11) to ground and
the bipolar cffset resistor to the internal 10V reference
an the MX565A and an external 10V reference for the
MX566A. a bipolar output voltage swing of 11.60V

VLAV




High Speed 12-Bit

Monolithic D/A Converters
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Tigure 2 Unouffered Bipotar Voltage Output

can be generated. Other combinations of external
and the internal resistors can scale the full scale ocut-
put current of O to -2mA to any voltage as long &s this
voltage stays within the compliance voltage of the
MXSE5A and MX566BA, which is typically -2V to ~1QV.
For exampie, setting the Rx = 2.67k{) produces an
eguivalent impedance of 1k{} giving a =1V output
voltage swing.

The ocutput voltage compliance of typically -2V to
+10V allows the performance of the DAC to be un-
affected by changes in the cutput terminal voltage.
There is however, an equivaient output resistance of
BkIt in parallel with 25pF which produces an eguiva-
lent current error when the ourput voltage deviates
from ground. This effect is linear and is independent
of the digital input code. Qutput swings outside the
compliance range can cause either output stage sat-
uration or breakdown which may result in non-linear
performance. The compliance limits are affected only
hy the output current and the negative supply voltage.
The positive supply voltage has no effect. Figure 3
shaws the typical negative compliance versus the
negative supply voltage.

The current output of the DAC can directly drive 50()
and 75{) coaxial cable. Terminating the cable in it's
characteristic impedance would produce a =50mV
full scale swing for the 50() and =75mV for the 750}
cable. The setiling times are dominated by the internal
settling of the MX565A and MX566A

The high speed current steering switching cell and
internally compensated reference amplifier of the
MX5B65A and MX566A have been specifically designed
for fast settling. The typical settling time to —0.01%
(*-.LSB) for the major carry or full scale change
(worst case transition) is about 200ns; the lower
order bits all settle in less than 200ns. The maximum
guaranteed settling time to 0.01% (=:L5B} for the
VXBG5A is 250ns and 350ns for the MX568A.

VKAV

Figure 3. Typical Negatve Comptiance Range v Negative Supply
Buffered Voltage Output

If an external op-amp is used to provide low imped-
ance output drive and high voitage swing, some loss
in settling time will agcur due to the op-amp's own
settling characteristics. In these applications the DAC's
cutput capacitance should be compensated by a feed-
back capacitor connected across the amplifiers output
and inverting input as shown in figures 4 and 5.

If a low offset amplifier such as the MAX400M (10uV
max.) or MAX400C {15V max.) is used, exceilent
performance can be obtained without any trimming.
Figures 4(a) 4(b), and 4{c) show how to connect the
MX565A for both unipelar ana bipolar valtage outputs.
The connections for the MX566A are shown in figures
5(a). 5(b). and 5(c). The preferred trimming tech-
nigues are shown for both offset and gain adjustments
if required. Substituting a fixed 501} resistor in piace
of the 1000 potentiometers, the unipolar zero offset
error will be within = %:LSB {plus op-amp offset), and
full scale accuracy will be within 01% (0.25% max.)
Similarly, the bipolar zero offset arror will be typically
within *2LSB (0.05%).

Unipolar configuration zero
and gain adjustment

Figures 4(a) and 5(a) show the configurations for a
unipolar @ to +10V output. The bipolar offset resistor
is tied to ground if zero offset adjustment is not
required.

Turn all bits OFF and adjust pctentiometer R1 until
DAC output reads 0.000V (1LSB - 2.44mV). If offset
adjust is not required tie pin 8 to ground.

Next, turn all bits ON and adjust gain potentiometer
R2 until DAC output reads 99876V (full scale -1
LSB). If full scale of 10.2400V is required (2.5mV/bit)
then insert a 12001 resistor between op-amp output
and pin 10 (10V span resistor).

VI9S XN/ VSOSXIN
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Frgure 4l AIN5E54 =5V Bipofar Voitage Output

Figure 4(c,. MXEE5A =10V Bipaiar Voitage Qutput

Bipolar configuration offset
and gain adjustment

Figures 4(b} and 5(b] show how to configure the
DAC to produce an output from -5.000V (all 0's) to
+4 9976V (alt 1's).

First turn OFF all bits, adjust potentiometer R1 to give
-5.000V output.

Then turn all bits ON. Adjust potentiometer R2 to
give a DAC output of +4.9976V

Other voltage ranges

The MX565A and MXS66A can easily be configured
for unipolar 0 to +5V range or ~2.5V and =10V bipolar
ranges by using the 20V span resistor (pin 11). Con-
necting pin 9 and 11 together a 5V span can be
developed by connecting pin 10 to the output of the
op-amp and the bipolar offset resistor to gither ground
far the unipolar 0 to -5V range or ta REF QUT for the
bipolar +2.5V range. For the ~10V {20V span) connect
pin 11 to the op-amp outpul and the bipolar offset
resistor to potentiometer R1 as shown in figures 4(c)
and 5(c).

VAKXV
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Grounding

The MX565A and MX566A have two ground pins,
Reference GND and Power GND. The current in the
power ground varies with the digital input code and
should be connected to the local ground, digital
ground or power ground. The reference ground is the
ground point for the internal reference amplifier and
should be connected to the system's "high quality”
ground, usually calied signal or analog ground.

Internal/External Relference Use

The MX565A has an internal reference whereas the
MX566A requires an external reference. The MX565A
can be used with either the internal reference or an
external reference. With an external 10V reference
there may not be enough adjustment range to accom-
modate a reference that dues not match the internal
reference voltage. The MX566A is recommended for
applications that need to be driven with an external
reference.

The internal reference of the MX5E5A is a low noise
buried zener dicde that is buffered by an internal
amplifier whose gain is trimmed for absalute accuracy
and temperature stability. The performance of the
MX565A DAC is tested and specified using the internal
reference.

V99SXIN/VSI9SXIN
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In addition, the internal reference of the MX5685A has
sufficient buffering to drive the internal DAC (typically
0.6mA to REF IN and 1.0mA to Bipolar Qffset, if
used} plus an additional 1.5mA far driving external
circuits The temperature coefficient of the reference
output voltage is comparable to the DAC's full scale
TC for the particular grade of MX565A.

For the MX566A an external reference is required that
should have a low temperature coefficient, such as
the MX581, MX584, cr precision references such as
the MX2700 and MX2710. For the ultimate in perform-
ance use the MAXE70 and MAX6E71, which have kelvin
sense cannections for both the +10V reference output
and ground return.

__Ordering Information [continued)

PART TEME. HANGE PACKAGE" ERROR 1
MXGEGAIN ¥°Cto+70°C  PlastcDIF  +.LSB
MHGEEAID 0°Cto+T°C  Ceramic s
MX566AJQ0 0°Cto +70°C CERDIP"" +'LSB ;
MXSEBAJCWG 0°Cto+70°C  Small Oulline 1+ :LSB |
MXSEBAKN ¥°Cto+70°C  PlastcDIP  JLLSE
MAS66AKD  0°C1o-70°C  Ceramic 1LSB
MX5EBAKQ 0°Cto+T0°C  GERDIP*-  +ul3B
MXS6BAKCWG  0°Cto+70°C  Small Quiline  4LSB
MX566ASD  55°Cto<125°C  Ceramic +4LSB
[Mx566ASQ  -55°C1o+125°C  CERDIP* £:L8B
MX566ATD -55°C to +125°C Ceramic +4LSB
M¥S66ATG  -55°Clo+125°C  CERDIP™ £LSB

* AN devices

24 lgad packages

MAXIM reservas the right ta shhp Ueranmc packages m livu of
CERDIP packages

Chip Topography

LA ECA
(2228mm| BIT1
[MSE| N

Vor 13 BT 2N

REFOUT BITIN
[-10-1%) \
BIT4IN HE
1507 v 1
REF GNI - BTSN REF GND 01507
[A8E0mm) 4 [a81cmm
fr i BT 3N AMP SUMMING ey | .
.- =5
. BIT7IN JUNCTION oy
MIBIN [ I
AEF IN REF Y HIIN -—T
Vg - 18V Veg-19V IN
BIFDLAR BTG 120 mA) h L L '
QFF3ET N I]FF?E?D;‘;: |
DAG OUT v PWR PWA |BIT 11 0AC OUT l 20¢ PWR PWR (BIT11
{-2mA FS| |SPANR GND GND [ IN |-ZmA FS| |SPANR GND GND | IN
1y BIT 12 BIT 10 10V BIT12 BITHO
SPAN R ILSBIIN N SPAN R LBBIIN N
Ma o saninat assuine 1espensilily for use of any ooty oiner than ercuitry entrely emibodred 0 a Maxim product No crcted palend beanses areompned
Maxim reserves the right 1o change e cricul*ry and spocifications withowt notice at ary tirne
~
8 - VAKXV




