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ANALOG | 12-Bit, 100 MSPS
DEVICES D/A Converters

AD9712/AD9713

FEATURES FUNCTIONAL BLOCK DIAGRAM
100 MSPS Update Rate
ECL/TTL Compatibility ADS712/ADS713
Low Glitch Impulse: 100 pV—s ENABLE
Fast Settling: 30 ns to =1 LSB
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compatible AD9713 will update at 80 MSPS minimu

Designed for direct digital synthesis, waveform reconstruction,
and high resolution imaging applications, both devices feature
low glitch impulse of 100 pV-s; and fast settling times of 30 ns
to =1 LSB. Both units are characterized for dynamic perfor-
mance, and have excellent harmonic suppression.
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AD3712/AD9713 — SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS! REFERENCE IN Voltage Range .. ........ -3.7Vto —Vg
Positive Supply Voltage (+Vg) (AD9713 Only) . . ... ... +6V Analog Output Current (Igpr or Igut) -« v v v v o v o vt 30 mA
Negative Supply Voltage (—Vy) Operating Temperature Range
(ABE712 and AD713) is oo steas &3 w6 S200F i 59 =7V ADSTIZINIIP - = o v wvwvai o wea Wi e iy 08 010 +70°C
DAC Outputs to ANALOG RETURN . ..... +0.5Vio -2V ADIZEIINIIL i v oo cmmin wow snbierea v e o 010 +70°C
Digital Inpur Voltages (D,-D,,, LATCH ENABLE) Maximum Junction Temperature? . . ... .......... +150°C
ADOTNZ: - oo 5w I8 oi 55 9005 50 U 15 AR 0Vt -V Lead Temperature (Soldering, 10 seconds) .. ....... +300°C
AT o =5 i wsn O SOSRRRR B SR R 0V +V; Storage Temperature Range .. .......... —65°C to +150°C
Internal Reference Output Current . . . . . —20 pA to +500 pA
Control Amplifier Input Voltage Range ........ 0Vt —4V
Control Amplifier Output Current. . . ... ........ +2.5 mA

ELECTRICAL CHARACTERISTICS (—v, = —52v. +V, = +5V (ADST13 Only); CONTROL AMP IN = —1.2 V

(external); Rger = 7.5 k{2, unless otherwise noted)

Test | AD9712]N/TP AD9713IN/JP
9It‘r'{‘GQ ions) ~_ Temp | Level | Min Typ Max Min Typ Max Units
RAES(;(LU’[‘IOh\ \ /[ o~ O\ 12 12 Bits
LSB
LSB
LSB
LSB
INITIAL OFFSET ERROR
Zero-Scale Offset Error
i
Full-Scale Gain Error® %
Offset Drift Coefficient +25°C | V 0.03 3 >
REFERENCE/CONTROL AMP T~ L
Internal Reference Voltage +25°C | 1 -1.13 -1.26 -1.39 -1.13 —-1.26 -—1. Vv
Full I ~1.11 -1.41 -1.11 —1.41| V
Internal Reference Voltage Drift Full \'j 300 300 pVF,C
Amplifier Input Impedance +25°C | V 50 50 k()
Amplifier Bandwidth +25°C | V 300 300 kHz
REFERENCE INPUT*
Reference Input Impedance +25°C | V 3 3 k{}
Reference Multiplying Bandwidth® | +25°C | V 40 40 MH:z
OUTPUT PERFORMANCE
Full-Scale Output Current® +25°C | V 20.48 20.48 mA
Output Compliance Range +25°C | IV -1.2 +3 =12 +3 v
Output Resistance +25°C | IV 2.0 2.5 3.0 2.0 2.5 3.0 k(2
Ourtpurt Capacitance +25°C | V 30 30 pF
Output Update Rate” +25°C | IV 100 110 80 90 MSPS
Output Settling Time (tgr)*
Current Sertling +25°C | V 30 30 ns
Voltage Sertling (R; = 50 {2) +25°C | V 30 30 ns
Output Propagation Delay (ipp)® +25°C | V 8 11 ns
Glitch Impulse*® +25°C | Vv 100 100 pV-s
Qutput Slew Rate'! +25°C | V 400 400 Vips
Output Rise Time!! +25°C | V 3 3 ns
Ourput Fall Time!! +25°C | V 2 2 ns
-2- REV. A
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ADS712/ADS713

Test | AD9712JN/JP AD9713JN/JP
Parameter (Conditions) Temp | Level | Min Typ Max Min Typ Max Units
DIGITAL INPUTS
Logic “1” Voltage Ful |VI 1.0 -o08 2.0 A
Logic “0” Voliage Ful |VI Y 0.8 v
Logic “1” Current Full VI 20 20 pA
Logic 0" Current Full VI 10 600 nA
Input Capacitance +25°C | V 3 3 pF
Input Setup Time (tg)"* +25°C | V 3 3 ns
Input Hold Time (t;;)"? +25°C | V 3 3 ns
Larch Pulse Width (t; )
(Transparent) +25°C | V 2.5 - ns
AC LINEARITY™*
Spurious-Free Dynamic Range +25°C | V —60 —55 dBc
POWER SUPPLY'®
Positive Supply Current (+5.0V) | +25°C | I 10 20 mA
Full Vi 23 mA
Negative Supply Current (-=5.2V) | +25°C | I 130 160 135 165 mA
175 mA
mW
350 | pAV

“Full-scalc variations among devices are Ygore
*Frequency at which a 3 dB reduction in ut of D SerW
“Based on Ipg = 128 (Vpgp/Rspr) when using infernal amplifi.
?Output sertling to 0.1%.

*Measured at midscale transition, o +0.024%,
*Measured from falling edge of LATCH ENABLE signal 10 50% point of full-scale trans
'"“Glitch impulse combines the absolute value of positive and negative ransitions operating in Tarehg
""Measured with R; = 50 {1 and DAC operating in latcched mode.

*Data must remain smable prior to falling edge of LATCH ENABLE signal for specified time.
*Data must remain stable after rising edge of LATCH ENABLE signal for specified time.
"*Updatc ratc <50 MSPS; output frequency = 5§ MHz.

“Supply voliages should remain stable within *5% for normal operation.

*Measured at =5% of + Vg (AD9713 only) and — Vg (AD9712 or AD9713) using external reference,

Specifications subject to change withour nortice.

EXPLANATION OF TEST LEVELS ORDERING GUIDE
Level Package
. Model Description Option*

I - 100% production tested. - :
II - 100% production tested at +25°C, and sample tested at AD9712]N ECL-Compatible Plastic DIP N-28

specified temperatures. AD9712JP ECL-Compatible PLCC P-28A
II1 - Sample tested only. ADS713]N TTL-Compauble Plastic DIP N-28
IV — Parameter is guaranteed by design and AD9713JP TTL-Compatible PLCC P-28A

characterization testing.

V - Parameter is a typical value only.

VI — All devices are 100% production tested at +25°C. 100%
production tested at temperature extremes for extended
temperature devices; sample tested at temperature
extremes for commercial/industrial devices.

*N = Plastic DIP; P = Plastic Leaded Chip Carrier.

REV. A -3-
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AD3713/ADS713

AD9712/AD9713 PIN DESCRIPTIONS

Pin

No. Name Function

1-10 D,-Dy, Ten of twelve digital input bits.

11 D, (LSB) Least Significant Bit (LSB) of digital input word.

12 DIGITAL -V, One of two negative digital supply pins; nominally —5.2 V,

13 ANALOG RETURN Analog ground return. This point and the reference side of the
DAC load resistors should be connected to the same potential
(nominally ground).

14 Lour Analog current output; full-scale output occurs with digital

inputs at all “1.”

One of two negative analog supply pins; nominally —5.2 V.
Complementary analog current output; zero scale output occurs
with digital inputs at all “1.”

Normally connected o CONTROL AMP OUT (Pin 18). Direct

line to DAC current switch network. Voltage changes at this
point have a chrcc: effect on the full-scale output. Full- sca.le

20 REFERENCE OUT Normally connected to CONFROL A
voltage reference, nominally —1.26 V.

21 DIGITAL -V One of two negative digital supply pins; nominally —

22 REFERENCE GROUND  Ground return for the internal voltage reference and amplifier.

23 DIGITAL +Vg Pc;si‘t;ve digital supply pin; used only on the AD9713; nominally
+ .

24 Rgpr Connection for external resistance reference. Full-scale current
out = 128 (Reference voltage/Rgpr) when using internal
amplifier.

25 ANALOG —-Vg One of two negative analog supply pins; nominally —5.2 V.

26 LATCH ENABLE Transparent latch control line,

27 DIGITAL GROUND Digital ground return.

28 D, (MSB) Most Significant Bit (MSB) of digital input word.

LATCH
by ENABLE f \ / \
LATCH ENABLE _z \ / ERROR
BAND
g ] il ey '
I‘ rr"'|

wramers N waoourn MY )

tirw — LATCH PULSE WIDTH
ouTPUT 'H—*.ﬁ— . ts — INPUT SETUP TIME
rr— £y — INPUT HOLD TIME
I Ly — QUTPUT SETTLING TIME
tro — OUTPUT PROPAGATION DELAY

ADS8712/AD8713 Timing Diagram
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AD9712/AD9713

THEORY AND APPLICATIONS

The AD9712 and AD9713 high speed digital-to-analog convert-
ers utilize Most Significant Bit (MSB) decoding and segmenta-
don techniques to reduce glitch impulse and maintain linearity
withour trimming.

As shown in the functional block diagram, the design is based
on four main subsections: the Decoder/Driver circuits, the
Transparent Latches, the Switch Network and the Control
Amplifier. An internal band-gap reference is also included 10
allow operation with a minimum of external components.

Digital Inputs
The AD9712 employs single-ended ECL-compatible inputs for
data inputs D,~-D,, and LATCH ENABLE. The internal ECL
midpoint reference is designed to match 10K ECL device
thresholds. On the AD9713, a TTL wranslator is added at

each input; with this exception, the AD9712 and AD9713 are

o al

LATCH ENABLE pulse with proper data setup and hold nmes
as shown in the timing diagram. With an external transparent
latch at each data input clocked out of phase with the DAC, the
AD9712/AD9713 operates in a master slave (edge-riggered)
mode.

Although the AD9712/AD9713 chip is designed to provide isola-
tion from digital inputs to the outputs, some coupling of digital
transitions is inevitable, especially with TTL or CMOS inputs
applied to the AD9713. Digital feedthrough can be reduced by
forming a low-pass filter using a resistor in series with the
capacitance of each digital input.

References

As shown in the functional block diagram, the internal band-gap
reference, control amplifier and reference input are pinned out
for maximum user flexibility when sctting the reference.

When using the internal reference, REFERENCE OUT (Pin 20)
should be connected to CONTROL AMP IN (Pin 19). CON-
TROL AMP OUT (Pin 18) should be connected to REFER-
ENCE IN (Pin 17) through an 18 () resistor. A 0.1 pF ceramic
capacitor from Pin 17 to -V (Pin 15) improves settling by
decoupling switching noise from the current sink base line. A
reference current cell provides feedback to the control amp by
sinking current through Rggr (Pin 24).

Full-scale output current is determined by the voltage at CON-
TROL AMP IN (Vggg) and Rgpr according to the

equation:

Ioyr (FS) =

The internal reference is nominally —1.26 V with a tolerance of
+10% and typical drift over temperature of 300 pV/°C. If

Veer/Rsgr X 128.

REV. A
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greater accuracy or better temperature stability is required, an
external reference can be urilized. The AD589 reference shown
in Figure 1 features =10 ppm/°C drift over temperarures from 0
to +70°C.

Figure 1. Use of AD589 as External Reference

Two modes of multiplying operation are possible with the
AD9712/AD9713. Signals with bandwidths up to 400 kHz and
input swings from —0.1 V to —1.2 V can be applied to the
CONTROL AMP input as shown in Figure 2. Because the con-
trol amplifier is internally compensated, the 0.1 pF capacitor at
Pin 17 can be eliminated to maximize the multiplying band-
width. However, it should be noted that settling time for

afgey to the digital inputs will be degraded.

Figure 2. Low Frequency Multiplying Circuit

The REFERENCE IN pin can also be driven directly for wider
bandwidth multiplying operation. The analog signal for this
mode of operation must have a signal swing in the range of

—4 V to —5.2 V. This can be implemented by capacitively cou-
pling into REFERENCE IN an ac signal and establishing a dc
bias of —4.0 V to —5.2 V, as shown in Figure 3; or by driving
REFERENCE IN with a low impedance op amp whose signal
swing is limited to the stated range.

ADI712
ADIT13
kU € peFERENCE
ANALOG \_ 0.1uF IN’;\ r/ o
N / p g

s #\
12 @ W

Vg ~Vg

Figure 3. Wideband Multiplying Circuit
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ADS712/AD9713

Outputs the DAC output as shown in Figure 5. Reducing DAC full-scale
The Switch Nerwork controls complementary current outputs ourpur current degrades both linearity and settling time; there-
Iout and Igyr- As indicated earlier, D;—Dy are decoded into 15 fore, the current divider method is preferable.

“thermometer code” lines which drive matched current sources. i

D, and Dy control weighted current sources; and D,-D,, are

applied to the R-2R network. i

This segmentation reduces frequency domain errors due to’ Voer

glitch impulse. Current is steered to either Igyr or Igyr in pro- Arg

portion to the digital input code. The sum of the two currents is
always equal to the full-scale output current minus one LSB.

VW'
AD9610
Veus seare = +5V

vum BCALE = -5V

The current output can be converted to a voltage by resistive
loading as shown in Figure 4. Both Igyy and Loy should be

foaded equally for best overall performance. The voltage which
is developed is the product of the output current and the value
of the load resistor.

ADST12

ot E: AP Figure 5. IV Conversion Using Current Feedback Amp
o Tty The DAC output is not clamped at virtual ground in this config-
: ] uration because of the series resistance Ryp. The value of Rgg is
oYY - selected according to the equation:
/ Ve \ANALOR -, v i
) Yy Rylgs - (———F"H S 4, ()FF) Rr
g — P~ -
2)0, ouT
)% REFERENCE
2o, our (2 an ple, assumg the
ECL
e 5} o, cm o R
5 )0, e
LOGMC TEM RF'B = .
7) Dy Bayr (26
s)o, G - If"S = 20-48 mA
> _v .
) Dy :""; - Zero Scale i
DEN aos7z | 1 lopr = Ryx 3300
110w 158} :E“t o Given these conditions, Rpg = 103.6 ()
LATCH ENABLE s b ; '
ANALOG REFERENCE DIGITAL Power and Grounding
- = = Maintaining low noise on power supplies and ground is critcal
sYsTEM for obtaining optimum results with the AD%712 or AD9713.
) . o . DACs are most often used in circuits which are predominantly
Figure 4. Typical Resistive Load Connection digital. To preserve 12-bit performance, especially at conversion
speeds up 1o 100 MSPS, special precautions are necessary for
When operating at the nominal full-scale current of 20.48 mA, power supplies and grounding.

the voltage swing will be from 0 to —1.024 V across 50 (1 resis-
tors. Bipolar ourputs are possible by sourcing a current equal to
half the DAC full-scale current into the load resistor.

Ideally, the DAC should have a separate analog ground plane.
All ground pins of the DAC, as well as reference and analog
output components, should be tied directly to this analog

An alternate methed of converting the current output to voltage ground plane. The DAC’s ground plane should be connected to
is by driving the summing node of an operational amplifier the system ground plane at a single point.
directly with a feedback resistor selected according to the

Ferrite beads, along with high frequency, low inductance decou-

SHUNRIR: pling capacitors, should be used for the supply connections to
Rrp = Vour (FS)/ Ioyr (FS) isolate digital switching currents from the DAC supply pins.
A current feedback amplifier such as the AD9610 offers signifi- Separate isolation networks for the digital and analog supply
cantly faster settling and greater bandwidth than a conventional connections will further reduce supply noise coupling to the
voltage feedback op amp. The feedback resistor for the AD9610 output,
must be 1.5 k_ﬂ or greater to maintain stability. This value for Molded socket assemblies should be avoided even when proto-
Ryp, along with the 20.48 mA full-scale output current, results typing circuits with the AD9712 or AD9713. When the DAC
in a full-scale output of 30 V, which exceeds the output range of  un01 be directly soldered into the board, individual pin sock-
the AD9610. ets such as AMP #6-330808-0 (knock-out end), or #60330808-3
Full-scale output voltage can be reduced by either reducing the (open end) should be used. These have much less effect on
DAC’s full-scale output current, or by using a current divider at interlead capacitance than do molded assernblies.
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ADS712/AD9713
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TTL Input Buffer

Vg

Output Circut

AD3712/AD8713 Equivalent Circuits

.



http://elcodis.com/parts/6079442/AD9712.html

ANALOG DEVICES FAX-ON-DEMAND HOTLINE - Fage 38

ADS712/AD9713

OUTLINE DIMENSIONS

Dimensions shown in inches and {mm}

28-Pin Plastic DIP (Suffix N)

-] 15 R
0.4950.580 =)
(1232/14.73) 1
1 1 &
r
&
500/0.625
‘ Fﬁ 1.380¢1 565 (35.1039.70) o:;::gu I.._ :?ﬂmssn o
( d - 0.125/0.185
0.250 MAX i s
0.150
0.008/0.015
B T/ wavanasn
t
0.014/0.022 0.100 BSC
{0.35510.558) (2.54 BSC)
D 28-Pin Plastic Leaded Chip Carrier (Suffix P)
o7} —
o o B L
o ~
5 PN
7t b 5
E [ 12 8
£ -
; E (Mol 1o Scake) D3
o
i: }ij/
5 E a a
1" % []
12 ] 1
g g oy - —
le—— 0.450/0.456 (17.4311.58) —|
04850495 (12.3212.57) -—[ = 0.025/0.040 (0.64/1.01)
— = 0.0850.110 (2.16:2.79)
—! e
<
w
= }
=
[ ]
w
=
=
=
o
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