BURR - BROWN®

IEI DAC908

For most current data sheet and other product
information, visit www.burr-brown.com

Soeedl, .. 3-Bit, 165MSPS
DIGITAL-TO-ANALOG CONVERTER

FEATURES APPLICATIONS

e SINGLE +5V OR +3V OPERATION e MEDICAL INSTRUMENTATION

e HIGH SFDR: 5.04MHz Output at 100MSPS: 67dBc Ultrasound (DBF)

e LOW POWER: 170mW at +5V e WAVEFORM GENERATION
Direct Digitat Synthesis (DDS)

e INTERNAL REFERENCE:

Arhitrary Waveform Generation (ARB)
TEST INSTRUMENTATION
COMMUNICATIONS

Optional Ext. Reference
Adjustable Full-Scale Range
Multiplying Option

DESCR|PT|ON For noncontinuous operation of the DAC908, a power-doy

mode results in only 45mW of standby power.

The DAC908 is a high-speed, digital-to-analog converter (DAC) The DAC908 comes with an integrated 1.24V bandgap ref
offering an 8-bit resolution-option.within ti&peedPlugsamily ence and edge-triggered input latches, offering a compl

of high-performance conveiters. Featring pin compatibility conyerter solution. Both +3V and +5V CMOS logic familie
among family members, the DAC900, DAC902, and DAC904 4 pe interfaced to the DAC908.

provndg a compone_nt solgeiiog optlon_to_an 10 12." and 14_b'tThe reference structure of the DAC908 allows for addition
resolution, respectively. All models within this family of D/A i~ I . ;
flexibility by utilizing the on-chip reference, or applying ar

converters support update rates in excess of 165MSPS with

excellent dynamic performance, and are especially suited toexternal reference. The fuII-scaIc_a output current can_be adjus
: . o over a span of 2mA to 20mA, with one external resistor, wh
fulfill the demands of a variety of applications.

maintaining the specified dynamic performance.

The DAC908 is available in the SO-28 and TSSOP-28 pa
ages.

The advanced segmentation architecture of the DAC908 is
optimized to provide a high Spurious-Free Dynamic Range
(SFDR) for single-tone, as well as for multi-tone signals—
essential when used for the transmit signal path of communica-

tion systems. W, BW W

The DAC908 has a high impedance (20Qkurrent output with
lout
o8 % o
Current witches BYP

DAC908

a nominal range of 20mA and an output compliance of up to
1.25V. The differential outputs allow for both a differential, or

single-ended analog signal interface. The close matching of the FSA
current outputs ensures superior dynamic performance in therery Sources Segmented
differential configuration, which can be implemented with a Switches
transformer. .

L ... INT/EXT
Utilizing a small geometry CMOS process, the monolithic /\
DAC908 can be operated on a wide, single-supply range of Latches PD

+2.7V to +5.5V. Its low power consumption allows for use in

portable and battery operated systems. Further optimization can W
O—

be realized by lowering the output current with the adjustable

: AGND CLK D7..DO DGND
full-scale option.
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SPECIFICATIONS

At T, = full specified temperature range, +V, = +5V, +V_ = +5V, differential transformer coupled output, 50Q doubly terminated, unless otherwise specified.

DAC908U/E
PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution 8 Bits
Output Update Rate (fc ock) 4.5V to 5.5V 165 200 MSPS
Output Update Rate 2.7V to 3.3V 125 165 MSPS
Full Specified Temperature Range, Operating Ambient, Ty -40 +85 °C
STATIC ACCURACY (1) Tp = +25°C
Differential Nonlinearity (DNL) feLock = 25MSPS, foyr = 1.0MHz -0.5 +0.25 +0.5 LSB
Integral Nonlinearity (INL) -0.5 +0.25 +0.5 LSB
DYNAMIC PERFORMANCE Ta = +25°C
Spurious Free Dynamic Range (SFDR) To Nyquist
four = 1.OMHz, fo ok = 25MSPS 64 70 dBc
four = 2.1MHz, fo ocx = 50MSPS 69 dBc
four = 5.04MHz, fo oo = SOMSPS 67 dBc
four = 5.04MHz, fo ock = 100MSPS 67 dBc
four = 20.2MHz, fe ook = 100MSPS 61 dBc
four = 25.3MHz, fe ook = 125MSPS 57 dBc
four = 41.5MHz, fo ook = 125MSPS 51 dBc
four = 27.4MHz, fe ook = 165MSPS 58 dBc
four = 54.8MHz, fo ock = 165MSPS 52 dBc
Spurious Free Dynamic Range within a Window
four = 2.1MHz, fo ok = 50MSPS 2MHz Span 70 dBc
four = 5.04MHz, fe ook = 100MSPS 4MHz Span 69 dBc
Total Harmonic Distortion (THD)
four = 2.1MHz, fo ok = 50MSPS 72 dBc
four = 5.04MHz, fe ook = 100MSPS L 66 dBc
four = 20.2MHz, fe ook = 100MSPS -60 dBc
Output Settling Time(@ t0 0.1% 30 ns
Output Rise Time® 10% to 90% 2 ns
Output Fall Time® 10%.40 90% 2 ns
Glitch Impulse 3 pV-s
DC-ACCURACY
Full-Scale Output Range®)(FSR) All'Bits High, ot 2.0 20.0 mA
Output Compliance Range -1.0 +1.25 \%
Gain Error With Internal Reference -10 +1 +10 %FSR
Gain Error With External Reference -10 +2 +10 %FSR
Gain Drift With Internal Reference +120 ppmFSR/°C
Offset Error With Internal Reference -0.025 +0.025 %FSR
Offset Drift With Internal Reference +0.1 ppmFSR/°C
Power Supply Rejection, +V, -0.2 +0.2 %FSR/V
Power Supply Rejection, +Vp -0.025 +0.025 %FSR/V
Output Noise loutr = 20MA, R oap = 50Q 50 pANHZ
Output Resistance 200 kQ
Output Capacitance louT: lo0T to Ground 12 pF
REFERENCE
Reference Voltage +1.24 \%
Reference Tolerance +5 %
Reference Voltage Drift +50 ppmFSR/°C
Reference Output Current 10 HA
Reference Input Resistance 1 MQ
Reference Input Compliance Range 0.1 1.25 \%
Reference Small Signal Bandwidth(® 1.3 MHz
DIGITAL INPUTS
Logic Coding Straight Binary
Latch Command Rising Edge of Clock
Logic High Voltage, V4 +Vp = +5V 35 5 \%
Logic Low Voltage, V. +Vp = +5V 0 1.2 \
Logic High Voltage, V4 +Vp = +3V 2 3 \%
Logic Low Voltage, V,_ +Vp = +3V 0 0.8 \Y
Logic High Current: |, +Vp = +5V +20 HA
Logic Low Current, I, +Vp = +5V +20 HA
Input Capacitance 5 pF

Theinformation provided hereinis believed to be reliable; however, BURR-BROWN assumes no responsibility forinaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’'s own risk. Prices and specifications are subject to change
without notice. No patentrights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®

DAC908 2



SPECIFICATIONS (cont.)

At T, = +25°C, +VA = +5V, +VD = +5V, differential transformer coupled output, 50Q doubly terminated, unless otherwise specified.

DAC908U/E
PARAMETER CONDITIONS MIN TYP MAX UNITS
POWER SUPPLY
Supply Voltages
+V, +2.7 +5 +5.5 Y,
+Vp +2.7 +5 +5.5 v
Supply Current®
lya 24 30 mA
lya, Power-Down Mode 1.1 2 mA
lvo 8 15 mA
Power Dissipation +5V, loyt = 20mA 170 230 mw
+3V, loyr = 2MA 50 mw
Power Dissipation, Power-Down Mode 45 mwW
Thermal Resistance, 6,
SO-28 75 °C/W
TSSOP-28 50 °C/IW

NOTES: (1) At output loyt, while driving a virtual ground. (2) Measured single-ended into 50Q Load. (3) Nominal full-scale output current is 32x Irgr; see Application
Section for details. (4) Reference bandwidth depends on size of external capacitor at the BW pin and signal level. (5) Typically 45pA for the PD pin, which has an
internal pull-down resistor. (6) Measured at fc; ocx = 50MSPS and foyr = 1.0MHz.

ABSOLUTE MAXIMUM RATINGS

FVATO AGND ..o —0.3V to +6V
FVDI0 DGND ..ot —-0.3V to +6V
AGND 0 DGND .....ooiiiiiiiiiiiiiiic s —0.3V to +0.3V
FVATO HVD Lo -6V to +6V

CLK, PD to DGND ..
D0-D7 to DGND ......

. —0.3Vto VD + 08V
. —0.3Vto Vb + 0.3V

lour Tagr O AGND .o -1V to VA + 0.3V
BW, BYP t0 AGND .....cooiiiiiiiieieiiiieee e =0.3V.to VA + 0.3V
REFIN, FSA 0 AGND ......oooiiiiiiiiiciiieee i —0.3Vito VA + 0.3V
INT/EXT 10 AGND oo sciiiiansne e ~0.3Vto VA + 0.3V
JUNCLION TEMPETALUIE .......oouvevicailiannaiue e oot annssnaaneanie oot +150°C
Case TEMPEIATUIE .........cowiiihiheeiiun e iaeaiaeini e siiaaaeabe e +100°C
Storage TEMPETAtUIe .........c..ieeeiebeiineie e reesebadbenannnes s oireennneeenns +125°C

PACKAGE/ORDERING INFORMATION

ELECTROSTATIC
s DISCHARGE SENSITIVITY

This integrated.circuit can be damaged by ESD. Burr-Brow!
recommends that all integrated circuits be handled witl
appropriate precautions. Failure to observe proper handlir
and installation procedures can cause damage.

ESD damage can range from subtle performance degradati
to complete device failure. Precision integrated circuits ma:
be more susceptible to damage because very small parame
changes could cause the device not to meet its publish
specifications.

PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER RANGE MARKING NUMBER (@) MEDIA
DAC908U S0-28 217 —40°C to +85°C DAC908U DAC908U Rails
" " " " " DAC908U/1K Tape and Reel
DAC908E TSSOP-28 360 —40°C to +85°C DAC908E DAC908E Rails
" " " " " DAC908E/2K5 Tape and Reel

NOTE: (1) Models with a slash (/) are available only in Tape and Reel in the quantities indicated (e.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces
of “DAC908E/2K5” will get a single 2500-piece Tape and Reel.

DEMO BOARD ORDERING INFORMATION

DEMO BOARD
PRODUCT ORDERING NUMBER COMMENT
DAC908U DEM-DAC90xU Populated evaluation board without D/A converter. Order sample of desired DAC90x model separately.
DAC908E DEM-DAC908E Populated evaluation board including the DAC908E.

DAC908
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PIN CONFIGURATION

PIN DESCRIPTIONS

Top View SO/TSSOP PIN DESIGNATOR DESCRIPTION
1 Bit 1 Data Bit 1 (D7), MSB
2 Bit 2 Data Bit 2 (D6)
3 Bit 3 Data Bit 3 (D5)
4 Bit 4 Data Bit 4 (D4)
O 5 Bit 5 Data Bit 5 (D3)
(MsB)Bit1| 1 28 | CLK 6 Bit 6 Data Bit 6 (D2)
Bit2| 2 27 | +v, 7 B!t 7 Data B!t 7 (D1)
8 Bit 8 Data Bit 8 (D0), LSB
Bit3| 3 26 | DGND 9 NC No Connection
. 4 25 | NCW 10 NC No Connection
Bit4 11 NC No Connection
Bit5| 5 24| +V, 12 NC No Connection
13 NC No Connection
Bit6 | 6 23| BYP 14 NC No Connection
Bit7| 7 2|1 15 PD Power Down, Control Input; Active
DAC908 out High. Contains internal pull-down circuit;
(LSB) Bit8 | 8 21| 155+ may be left unconnected if not used.
16 INT/EXT Reference Select Pin; Internal (= 0) or
NCO | 9 20 | AGND External (= 1) Reference Operation.
17 REF Reference Input/Ouput. See Applications
(1) IN
NC E 19 | BW section for further details.
NCO |11 18 | ESA 18 FSA Full-Scale Output Adjust
19 BW Bandwidth/Noise Reduction Pin:
NC® |12 17 | REF,, Bypass with 0.1pF to +V, for Optimum
) E 16 | NT/EXT Performance.
NC 20 AGND. Analog Ground
NCW | 14 15 | PD 21 ‘s Complementary DAC Current Output
22 tour DAC Current Output
23 BY.P. Bypass Node: Use 0.1uF to AGND
24 +V, Analog Supply Voltage, 2.7V to 5.5V
NOTE: (1) NC pins should be left unconnected or grounded. 25 NC No Connection
26 DGND Digital Ground
27 +Vp Digital Supply Voltage, 2.7V to 5.5V
28 CLK Clock Input
TYPICAL CONNECTION CIRCUIT
+5V +5V
0.1pF
+Vp BW +Vp
DAC908
lout 1:1
1 LSB 1 oo
FSA \ Switches BYP
cEF I Current -
N . / Sources Segmented 0.1pF %509
%RSETL MSB == 20pF <500 == 20pF —
T 0.1puF Switches = —|_
INT/EXT A i
= PD
Latches —O
+1.24V Ref.
8-Bit Data Input
AGND lCLK D7......D0 DGND
BURR - BROWN ©®
DAC908 4




TIMING DIAGRAM

SYMBOL DESCRIPTION MIN TYP MAX UNITS
ty Clock Pulse High Time 6:25 ns
t, Clock Pulse Low Time 6.25 ns
ts Data Setup Time 2 ns
ty Data Hold Time 2 ns
tep Propagation Delay Time (fyktr)+1 ns
tser Output Settling Time'to 0.1% 25 ns

DAC908
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TYPICAL PERFORMANCE CURVES V =V, = +5V

At T, = +25°C, differential transformer coupled output, 50Q doubly terminated, and SFDR up to Nyquist, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES V =V, = +5V (Cont.)

At T, = +25°C, differential transformer coupled output, 50Q doubly terminated, and SFDR up to Nyquist, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES V =V, = +3V

At T, = +25°C, differential transformer coupled output, 50Q doubly terminated, and SFDR up to Nyquist, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES V = V, = +3V (Cont.)

At T, = +25°C, differential transformer coupled output, 50Q doubly terminated, and SFDR up to Nyquist, unless otherwise noted.

THD Vs fey ek AT four = 2.1MHzZ (3V) SFDR vs TEMPERATURE AT 100MSPS, OdBFS (3V)
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APPLICATION INFORMATION DAC TRANSFER FUNCTION

THEORY OF OPERATION The total output current,ql;res Of the DAC908 is the

summation of the two complementary output currents:
The architecture of the DAC908 uses the current steering

technique to enable fast switching and a high update rate.
The core element within the monolithic D/A converter is an
array of segmented current sources, which are designed to
deliver a full-scale output current of up to 20mA (See The individual OUtpUt currents depend on the DAC code and
Figure 1). An internal decoder addresses the differential can be expressed as:

current switches each time the DAC is updated and a

corresponding_ output current is. formed by steering all lout = louTrs * (Code/256) 2)
currents to either output summing nodgy{ or Isgs.

The complementary outputs deliver a differential output
signal, which improves the dynamic performance through
reduction of even-order harmonics, common-mode signals
(noise), and double the peak-to-peak output signal swing bywhere ‘Code’ is the decimal representation of the DAC data

a factor of two, compared to single-ended operation. input word. Additionally, byres is @ function of the refer-
ence currentder Which is determined by the reference

voltage and the external setting resistoggR

loutrs = lout + looT (1)

IWF = IOUTFS. (255 - C0d6/256) (3)

The segmented architecture results in a significant reduc-
tion of the glitch energy, and improves the dynamic perfor-
mance (SFDR) and DNL. The current outputs maintain a
very high output impedance of greater than ZDOk loutrs = 32 * ker = 32 * Voep/Rser 4)

The full-scale output current is determined by the ratio of

the internal reference voltage (1.24V) and an external In most cases the complementary outputs will drive resistive
resistor, Rer. The resulting e is internally multiplied by~ loads or.a terminated-transformer. A signal voltage will
a factor of 32 to produce an effective DAC output current develop<at each output according to:

that can range from 2mA to 20mA, depending on the value

of Reer- Vour = lout * Rioap 5)

The DAC908 is split into a digital and an analog portion,
each of which is powered through its own supply pin. The
digital section includes edge-triggered inputlatches and the
decoder logic, while the analog-section comprises the cur-
rent source array with its associated switches and the
reference circuitry.

Vaur = lout * Rioap (6)

+3V to +5V +3V to +5V
Analog Digital

0.1pF
Bandwidth

Control

DACO08  +V, BW +Vp

Full-Scale lout 1:1 v
Adjust LSB '_I T

Resistor FSA A PMOS Switches ouT

RefI Ref Current =

Control Source J\
R P - 4o000F | Array “/ Segmented 500
% e J_ P MsB —— 20pF =<~ 50Q —— 20pF —
— Switches 0.1uF
OuF) ) BYP O—]
T INT/EXT A

Latches and Switch

Decoder Logic PD O———O
+1.24V Ref

Power Down
(internal pull-down)
AGND CLK 8-Bit Data Input DGND
Analog Clock D7...DO Digital
Ground Input Ground

NOTE: Supply bypassing not shown.

FIGURE 1. Functional Block Diagram of the DAC908.
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The value of the load resistance is limited by the output loyr and kgs. Furthermore, using the differential output
compliance specification of the DAC908. To maintain speci- configuration in combination with a transformer will be
fied linearity performance, the voltage fosu¢ and byt instrumental for achieving excellent distortion performance
should not exceed the maximum allowable compliance range Common-mode errors, such as even-order harmonics
The two single-ended output voltages can be combined tonoise, can pe substantially redyced. This is particular_ly th
find the total differential output swing: case with high output frequencies and/or output amplitude
below full-scale.
_ (2 Code - 255)

Vv ny V .l ‘R 7 For those applications requiring the optimum distortion anc
OUTDIFF ~— YOUuT ~— VouT — 256 OUTFS LOAD ( )

noise performance, it is recommended to select a full-sca
output of 20mA. A lower full-scale range down to 2mA may
ANALOG OUTPUTS be considered for applications that require a low powe

) consumption, but can tolerate a reduced performance leve
The DAC908 provides two complementary current outputs,

lout and BgT. The simplified circuit of the analog output

stage representing the differential topology is shown in| NPUT CODE (7 - DO) lour IooT
Figure 2. The output impedance of 2Q0K 12pF for &t 1111m 20mA OmA
and kg7 results from the parallel combination of the differ- | 1000 0000 10mA 10mA
ential switches, along with the current sources and associt %% %0% omA 20mA
ated parasitic capacitances. Table I. Input Coding vs Analog Output Current.

OUTPUT CONFIGURATIONS

The current output of the DAC908 allows for a variety of
configurations, some of which are illustrated below. As
° 1 Dacecs mentioned previously, utilizing the converter’s differential

4“:1 outputs-will yield the best dynamic performance. Such :

differential output circuit may consist of an RF transformer

+VA

(see Figure 3) or a differential amplifier configuration (see
Figure 4). The transformer configuration is ideal for most
applications with ac coupling, while op amps will be suitable
for a dc-coupled configuration.

The single-ended configuration (see Figure 6) may be cor
sidered for applications requiring a unipolar output voltage
Connecting a resistor from either one of the outputs t
ground will convert the output current into a ground-refer-
enced voltage signal. To improve on the dc linearity an | t
V converter can be used instead. This will result in &

negative signal excursion and, therefore, requires a du
FIGURE 2. Equivalent Analog Output. supply amplifier.

The signal voltage swing that may develop at the two DIFFERENTIAL WITH TRANSFORMER

outputs, byr and b, is limited by a negative and positive 5ing an RF transformer provides a convenient way o
compliance. The negative limit of ~1V is given by the .,nyerting the differential output signal into a single-endec
breakdown voltage of the CMOS process, and exceeding itgjgna| while achieving excellent dynamic performance (se
will compromise the reliability of the DAC908, or even g re 3) The appropriate transformer should be carefull
cause permanent damage. With the full-scale output set tQjected hased on the output frequency spectrum and impe
20mA, the positive compliance equals 1.25V, operating with 5,06 requirements. The differential transformer configura
*+Vp = 5V. Note that the compliance range decreases (0, hag the benefit of significantly reducing common-mode
about 1V for a selected output current gfides = 2MA. gjgnais thus improving the dynamic performance over
Care should be taken that the configuration of DAC908 doeswide range of frequencies. Furthermore, by selecting
not exceed the compliance range to avoid degradation of theisaple impedance ratio (winding ratio), the transformer ca
distortion performance and integral linearity. be used to provide optimum impedance matching while
Best distortion performance is typically achieved with the controlling the compliance voltage for the converter outputs
maximum full-scale output signal limited to approximately The model shown, ADT1-1WT (by Mini-Circuits), has a 1:1
0.5V. This is the case for a@doubly terminated load and ratio and may be used to interface the DAC908 to @ 50
a 20mA full-scale output current. A variety of loads can be load. This results in a Zbload for each of the outputs, j;
adapted to the output of the DAC908 by selecting a suitableand kg7. The output signals are ac coupled and inherentl;
transformer while maintaining optimum voltage levels at isolated because of the transformer's magnetic coupling .

BURR - BROWN®
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As shown in Figure 3, the transformer’s center tap must beof the resistors typically sets the limit for the achievable
connected to ground to enable the necessary dc-current floncommon-mode rejection. An improvement can be obtained
for both outputs. Some applications may require a solid by fine tuning resistor R

termination, in which case a differential resistagf®R may — Thjg configuration typically delivers a lower level of ac
be inserted as shown. Note that this will reduce the a"a'lableperformance than the previously discussed transformer solu-

signal power by approximately one half.

DAC908

ADT1-1IWT
(Mini-Circuits)

tion because the amplifier introduces another source of
distortion. Suitable amplifiers should be selected based on
their slew-rate, harmonic distortion, and output swing capa-
bilities. High-speed amplifiers like the OPA680 or OPA687
may be considered. The ac performance of this circuit may
be improved by adding a small capacitag, & between the
outputs byt and by, as shown in Figure.4This will intro-
duce a real pole to create a low-pass filter in order to slew-
limit the DACs fast output signal steps, which otherwise
could drive the amplifier into slew-limitations or into an

11
f:li— Optional % 500 R
:.: - Rpjee L . -
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overload condition; both would cause excessive distortion.
The difference amplifier can easily be modified to add a
= level shift for applications requiring the single-ended output
voltage to be unipolar, i.e., swing between 0V and +2V.

FIGURE 3. Differential Output Configuration Using an RF

Transformer. DUAL TRANSIMPEDANCE OUTPUT CONFIGURATION

The circuit example .of ‘Figure 5 shows the signal output
DIFFERENTIAL CONFIGURATION USING AN OP AMP currents comnected inte the summing junction of the

If the application requires a dc-coupled output, a difference OPA2680; which is setrUp as a transimpedance stage, or
amplifier may be considered, as shown in Figure 4. Four! {0V, converter’; With this circuit, the DAC’s output will
external resistors are needed to configure the voltage-feedb€ Kept at.avirtual ground, minimizing the effects of output
back op amp OPA680 as a difference amplifier performing impedance variations, and resulting in the best dc linearity
the differential to single-ended conversion. Undeér the shown(INL). However, as mentioned previously, the amplifier
configuration, the DAC908 generates adifferential output May be driven into slew-rate limitations, and produce un-
signal of 0.5Vp-p at the load resistors,. he resistor  wanted distortion. This may occur, especially, at high DAC
values shown were selected tofestlt in a symmeti@z 25 update rates.

loading for each of the current outputs since the input
impedance of the difference amplifier-is in parallel to resis-
tors R, and should be considered.

R —O —Vour = lour * Re
2
402Q
R, YW
200Q
DAC908 OPA680 —O Vour
I5or [—* +
o | o5k
- 5V +5V
R, R, R,
26.1Q 28.7Q 402Q

FIGURE 4. Difference Amplifier Provides Differential to »—© ~Vour = lour * Re

Single-Ended Conversion and DC-Coupling.

The OPAG8O0 is configured for a gain of two. Therefore, =
operating the DAC908 with a 20mA full-scale output will
produce a voltage output #1V. This requires the amplifier
to operate off of a dual power supptb{/). The tolerance

FIGURE 5. Dual, Voltage-Feedback Amplifier OPA2680
Forms Differential Transimpedance Amplifier.

BURR - BROWN®

DAC908 12



The DC gain for this circuit is equal to feedback resistor R
At high frequencies, the DAC output impedancg;(Cpy,)
will produce a zero in the noise gain for the OPA2680 that

INTERNAL REFERENCE OPERATION

The DAC908 has an on-chip reference circuit which com:
prises a 1.24V bandgap reference and a control amplifie

may cause peaking in the closed-loop frequency responseg ounding of pin 16, INT/EXT, enables the internal refer-

Cr is added acrossRo compensate for this noise gain

peaking. To achieve a flat transimpedance frequency re-

ence operation. The full-scale output curregt;ks of the
DAC908 is determined by the reference voltaggzf/and

sponse, the pole in each feedback network should be set tgj,g yalue of resistor R+ loures can be calculated by:

1 _ JGBP
2MR.Cy  4TR.C,

with GBP = Gain Bandwidth Product of OPA

(8)

which will give a corner frequencysfiz of approximately:

GBP

f_ = --
% = RCy

(9)

The full-scale output voltage is defined by the product of
loutrs * Re, and has a negative unipolar excursion. To
improve on the ac performance of this circuit, adjustment of
R and/or bresshould be considered. Further extensions of
this application example may include adding a differential
filter at the OPA2680’s output followed by a transformer, in

order to convert to a single-ended signal.

SINGLE-ENDED CONFIGURATION

Using a single load resistor connected to the one of the DAC
outputs, a simple current-to-voltage conversion can be ac

complished. The circuit in-Figure 6 shows &5€esistor
connected todyt, providing the termination of the further
connected 5Q cable. Therefore, with a nominal output
current of 20mA, the DAC produces a total signal swing of
0 to 0.5V into the 28 load.

loutrs = 20MA
—_—

Vour = 0V to +0.5V

o)
e
50Q -
% 25Q —

FIGURE 6. Driving a Doubly Terminated &@able Directly.

IOUT
DAC908

laoT 50Q

loutrs = 32 ¢ ker = 32 * Veer / Rser (10)

As shown in Figure 7, the external resistggfRconnects to
the FSA pin (Full-Scale Adjust). The reference control
amplifier operates as a V to | converter producing a refer
ence current,geg Which is determined by the ratio oM
and Ry (see Equation 10). The full-scale output current,
louTes results from multiplyingdee by a fixed factor of 32.

c +5V
COMPEXT
0.1uF
¥
DAC908 BW T Va
P
RSET
—~——+—— |FSA 4
Ref Current
REF, Cgmrol Sources
&HJ_ ap
L Ccowp
ZkQT ) T 400pF
+1.24V Ref.

FIGURE 7. Internal Reference Configuration.

Using the internal reference, aQkesistor value results in
a 20mA full-scale output. Resistors with a tolerance of 1%
or better should be considered. Selecting higher values, tt
converter output can be adjusted from 20mA down to 2mA
Operating the DAC908 at lower than 20mA output currents
may be desirable for reasons of reducing the total powe
consumption, improving the distortion performance, or ob-
serving the output compliance voltage limitations for a giver
load condition.

Itis recommended to bypass the REBin with a ceramic chip
capacitor of 0.iF or more. The control amplifier is internally
compensated, and its small signal bandwidth is approximatel

Different load resistor values may be selected as long as thé-3MHz. To improve the ac performance, an additional capac

output compliance range is not exceeded. Additionally, the
output current, d e and the load resistor, may be mutu-
ally adjusted to provide the desired output signal swing an
performance.
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tor (Ceompext) Should be applied between the BW pin and the
analog supply, +¥, as shown in Figure 7. Using a QFL

gcapacitor, the small-signal bandwidth and output impedance «

the control amplifier is further diminished, reducing the noise
that is fed into the current source array. This also help
shunting feedthrough signals more effectively, and improving

the noise performance of the DAC908.
BURR - BROWN®
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EXTERNAL REFERENCE OPERATION POWER-DOWN MODE

The internal reference can be disabled by applying a logicThe DAC908 features a power-down function which can be
High (+V,) to pin INT/EXT. An external reference voltage used to reduce the supply current to less than 9mA over the
can then be driven into the REFpin, which in this case  specified supply range of 2.7V to 5.5V. Applying a logic
functions as an input, as shown in Figure 8. The use of arHigh to the PD pin will initiate the power-down mode, while
external reference may be considered for applications that logic Low enables normal operation. When left uncon-
require higher accuracy and drift performance, or to add thenected, an internal active pull-down circuit will enable the
ability of dynamic gain control. normal operation of the converter.

While a 0.uF capacitor is recommended to be used with the

internal reference, it is optional for the external reference GROUNDING, DECOUPLING AND

operation. The reference input, REFhas a high input LAYOUT INFORMATION

impedance (1M®) and can easily be driven by various Proper grounding and bypassing, short lead length, and the
sources. Note that the voltage range of the external referencgse of ground planes are particularly important for high
should stay within the compliance range of the referencefrequency designs. Multilayer pc-boards are recommended

input (0.1V to 1.25V). for best performance since they offer distinct advantages
such as minimization of ground impedance, separation of
DIGITAL INPUTS signal layers by ground layers, etc.

The digital inputs, DO (LSB) through D7 (MSB) of the The DAC908 uses separa'te pins for its analog and digital
DAC908 accept standard positive binary coding. The digital SUPPly and ground connections. The placement of the decou-
input word is latched into a master-slave latch with the rising Ping capacitor should be such that the analog supplyX+V
edge of the clock. The DAC output becomes updated withS Pypassed to the analog ground (AGND), and the digital
the following rising clock edge (refer to the specification SUPPly bypassed to.the digital ground (DGND). In most
table and timing diagram for details). The best performanceca@ses 0.1uf ceramic chip eapacitors at each supply pin are
will be achieved with a 50% clock duty cycle, however, the @deguaiéio provide alowimpedance decoupling path. Keep
duty cycle may vary as long as the timing specifications are!l mind that their effectiveness largely depends on the

met. Additionally, the setup and hold times may be chesenPrOximity torthe individual supply and ground pins. There-
within their specified limits. fore they should be located as close as physically possible to

those device leads. Whenever possible, the capacitors should
) o be located immediately under each pair of supply/ground
olds depend on the applied digital supply voltage such thatpins on the reverse side of the pc board. This layout ap-

they are set to approximately half the supply, voliage; a0 will minimize the parasitic inductance of com
; \ onent
Vth = +VD/2 #20% tolerance)«The DAC908 is designed to Ipeads and pcb runs. P P

operate over a supply range of 2.7V to 5.5V.

All digital inputs are CMOS compatible. The logic thresh-

+5V

CCOMPEXT
0.1pF
DAC908 BW T+VA
= Vrer
REF R

- |FSA
+
N Current
REF,y Control Sources
% RSET +5VO C

External
Reference

K
3
\C
|
|
e}
Q
[e]
4
vl

+1.24V Ref.

FIGURE 8. External Reference Configuration.
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Further supply decoupling with surface mount tantalum The power to the DAC908 should be provided through the
capacitors (1uF to 4.7uF) may be added as needed iruse of wide pcb runs or planes. Wide runs will present
proximity of the converter. lower trace impedance, further optimizing the supply decou
Low noise is required for all supply and ground connections Pling. The analog and digital supplies for the converte
to the DAC908. It is recommended to use a multilayer pc- should only be connected together at the supply connecto.r‘
board utilizing separate power and ground planes. Mixedthe pc board. In the case of only one supply voltage bein
signal designs require particular attention to the routing of available to power the DAC, ferrite beads along with bypas
the different supply currents and signal traces. Generally,capacitors may be used to create an LC filter. This wil
analog supply and ground planes should only extend intogenerate a low noise analog supply voltage, which can the
analog signal areas, such as the DAC output signal and th&€ connected to the {Vsupply pin of the DAC908.
reference signal. Digital supply and ground planes must bewhile designing the layout, it is important to keep the analog
confined to areas covering digital circuitry, including the signal traces separated from any digital line, in order tc
digital input lines connecting to the converter, as well as theprevent noise coupling onto the analog signal path.

clock signal. The analog and digital ground planes should be

joined together at one point underneath the D/A converter.

This can be realized with a short track of approximately

1/8inch (3mm).

BURR - BROWN®
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