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DAC3484 Quad-Channel, 16-Bit, 1.25 GSPS Digital-to-Analog Converter (DAC)

1 Features

Very Low Power: 1.27 W at 1.25 GSPS, Full
Operating Conditions

Multi-DAC Synchronization

Selectable 2x, 4x, 8x, 16x Interpolation Filter
— Stop-Band Attenuation > 90 dBc

Flexible On-chip Complex Mixing

— Two Independent Fine Mixers with 32-Bit
NCOs

— Power Saving Coarse Mixers: + nxFs/8

High Performance, Low Jitter Clock Multiplying
PLL

Digital | and Q Correction

— Gain, Phase, Offset, and Group Delay
Correction

Digital Inverse Sinc Filter

Flexible 16-Bit LVDS Input Data Bus

— 8 Sample Input FIFO

— Data Pattern Checker

— Parity Check

— GC5330 Compatible

Temperature Sensor

Differential Scalable Output: 10 mA to 30 mA

Multiple Package Options: 88-Pin 9x9mm WQFN
and 196-Ball 12mmx12mm NFBGA (GREEN / Pb-

3 Description

The DAC3484 is a very low power, high dynamic
range, quad-channel, 16-bit  digital-to-analog
converter (DAC) with a sample rate as high as 1.25
GSPS.

The device includes features that simplify the design
of complex transmit architectures: 2x to 16x digital
interpolation filters with over 90dB of stop-band
attenuation simplify the data interface and
reconstruction filters. Independent complex mixers
allow flexible carrier placement. A high-performance
low jitter clock multiplier simplifies clocking of the
device without significant impact on the dynamic
range. The digital Quadrature Modulator Correction
(QMC) enables complete 1Q compensation for gain,
offset, phase and group delay between channels in
direct up-conversion applications.

Digital data is input to the device through a 16-bit
LVDS data bus with on-chip termination. The device
includes a FIFO, data pattern checker and parity test
to ease the input interface. The interface also allows
full synchronization of multiple devices.

The device is characterized for operation over the
entire industrial temperature range of —40°C to 85°C
and is available in a very-small 88-pin 9x9mm WQFN
package or 196-ball 12x12mm NFBGA package.

Very low power, small size, superior crosstalk, high
dynamic range and features of the DAC3484 are an
ideal fit for systems with multiple transmit channels.

Free)
Device Information®
2 Applications PART NUMBER PACKAGE BODY SIZE (NOM)
+ Cellular Base Stations DAC3484 WQFN (88) 9.00 mm x 9.00 mm
N Diversity Transmit NFBGA (196) 12.00 mm x 12.00 mm

Wideband Communications

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic

DAC3484
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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Lol LT AW o J=a Lo M T 1= 11 74= 4o o APPSR 10
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F= g (o I 011 7= 11T o TP P URPRRRRTSRPPPPPNt 33
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Added Unused LVDS Port Termination section

Changed information to Multi-Device Operation: Single Sync Source mode section to clarify the latency limitation of
SINGIE SYNC SOUICE MOGE. ...ttt ettt e e e et bttt e e e e a e be e e e e e aa b bt e e e e o abb et e e e aanbee e e e e aasbeeeeeeaabbeeeeeeansnneeaenanns 61
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Added reference to Digital Input Timing Specifications Table in register CoNfig36 ..........ccceeviiiiieeiiiie i 80
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Changed the revision from A, July 2011 t0 B, JUNE 2012.......ci ittt e e et e e e e e etbe e e e e atbeeeaeeannneeaeaanes 1
Changed Package options iN FEATURES .......coiiiiiii ettt e e ettt e e e e ettt e e e et bt e e e e e s tb e e e e e s ataeseaesasaraeaeeasnrees 1
Added ZAY package information to Thermal INFOrMAtIoN ...........ooiiiiiiiii e a e e 2
FaXe [0 [T o I o = Lo - To TSP PPRTOTPR PP 8
FaNo (o =Y I AN o I 18] o1 o o OO EPPUSPRPTIN 9
Added ZAY package information to Thermal INFOrMALION ..........cooiiiiiiiiii et st e e e 12
Added Input Common Mode MaX VAIUE OF 1.8V ......oiiiiiiiiiiieiiit ettt e s e e s e s e e sereeennneeenne 14
Added information to CLOCK INPUT (DACCLKP/N) in Electrical Characteristics — Digital Specifications ......................... 14
Added information to OUTPUT STROBE (OSTRP/N) in Electrical Characteristics — Digital Specifications ....................... 14

Changed Electrical Characteristics — AC Specifications AC Performance information
Changed Figure 21
Changed Figure 22

Changed Figure 23

Copyright © 2011-2015, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: DAC3484



13 TEXAS
INSTRUMENTS
DAC3484
SLAS749E —MARCH 2011-REVISED NOVEMBER 2015 wWww.ti.com
LI Yo (o [=To B T T (=T TR UPRTUPTPPRP 24
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¢ Changed config 3 to config9 in Input FIFO section
* Added information for double-charge-pump current to PLL MODE section

LI @1 0 F= g To T=To I o 0T R PP PU R PPPR PR

¢« Changed +3.75 to —3.75 degrees in 1024 steps to +26.5 to —26.5 degrees in 4096 steps in GAIN AND PHASE
(01072 4 =@ I (@ ]\ =TT i o o PSPPSR 45

¢ Added dual channel mode enable information to POWER-UP SEQUENCE StEP 6. ....c.uiiviiiiiiiiiieiiie e 62

LI O o F=TaTo T=To ool 1 o NN o108 1 0 TN =1 o L= 5 S PRRSPPI

¢ Changed configl6, bits 13:12 in Table 11
¢ Changed register configl, bit8 from Reserved to quad_ena

« Changed register configl6, bits 13:12 from reserved to dual_ena (L1:0) ......ccueiiii i 74
Changes from Original (March 2011) to Revision A Page
* Changed from PRODUCT PREVIEW t0 PRODUCTION DATA ..ottt sttt sttt sttt 1
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5 Pin Configuration and Functions

RKD Package

88-Pin WQFN
Top View
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P0133-02
Pin Functions - WQFN
PIN
110 DESCRIPTION
NAME NO.
A36, A37,
A38, A40,
AVDD A4l Ad2 | Analog supply voltage. (3.3 V)
B31
CMOS output for ALARM condition. The ALARM output functionality is defined through the config7
ALARM B29 O |register. Default polarity is active high, but can be changed to active low via config0 alarm_out_pol
control bit.
BIASJ A33 o Full-scale output current bias. For 30-mA full-scale output current, connect 1.28 kQ to ground.
Change the full-scale output current through coarse_dac(3:0) in config3, bit<15:12>
Internal clock buffer supply voltage. (1.2 V)
CLKVDD A4 ! It is recommended to isolate this supply from DIGVDD and DACVDD.

Copyright © 2011-2015, Texas Instruments Incorporated

Product Folder Links: DAC3484

Submit Documentation Feedback 5



DAC3484

SLAS749E —_MARCH 2011 —-REVISED NOVEMBER 2015

13 TEXAS
INSTRUMENTS

www.ti.com

Pin Functions - WQFN (continued)

PIN
I/0 DESCRIPTION
NAME NO.
A7, A8, B9, LVDS positive input data bits O through 15. Internal 100-Q termination resistor. Data format relative to
B10, A12, DATACLKP/N clock is Double Data Rate (DDR).
ﬁig' g\i‘?" D15P is most significant data bit (MSB)
D[15..0]P 818: 519: | DOP is least significant data bit (LSB)
B20, A23,
A24, B23, The order of the bus can be reversed via config2 revbus bit.
B24
B7, B8, A10,
Al1l, B11,
B12, B13,
B14, A19, Lo . . -
D[15..0]N A20 A21 | LVDS negative input data bits 0 through 15. (See D[15:0]P description above)
A22, B21,
B22, A26,
A27
DACCLKP A3 | Positive external LVPECL clock input for DAC core with a self-bias.
DACCLKN B3 | Complementary external LVPECL clock input for DAC core. (see the DACCLKP description)
DACVDD A35, A39, | DAC core supply voltage. (1.2 V). It is recommended to isolate this supply from CLKVDD and
A43 DIGVDD.
DATACLKP A16 | LVDS positive input data clock. Internal 100 Q termination resistor. Input data D[15:0]P/N is latched
on both edges of DATACLKP/N (Double Data Rate).
DATACLKN B15 | LVDS negative input data clock. (See DATACLKP description)
DIGVDD AB, AA%SAZS’ | Digital supply voltage. (1.2 V). It is recommended to isolate this supply from CLKVDD and DACVDD.
Used as external reference input when internal reference is disabled through config27 extref_ena =
EXTIO A34 I/O | 1b. Used as internal reference output when config27 extref_ena = 0b (default). Requires a 0.1-pF
decoupling capacitor to AGND when used as reference output.
LVDS frame indicator positive input. Internal 100-Q termination resistor.
The main functions of this input are to reset the FIFO pointer or to be used as a syncing source.
FRAMEP B16 | These two functions are captured with the rising edge of DATACLKP/N. The signal captured by the
falling edge of DATACLKP/N can be used as a block parity bit. The FRAMEP/N signal should be
edge-aligned with D[15:0]P/N.
Additionally it is used to indicate the beginning of the frame.
FRAMEN A18 | LVDS frame indicator negative input. (See the FRAMEP description)
C1, C2, C3,
GND C4, Thermal | These pins are ground for all supplies.
Pad
IOUTAP B39 O | A-Channel DAC current output. Connect directly to ground if unused.
IOUTAN B38 O | A-Channel DAC complementary current output. Connect directly to ground if unused.
IOUTBP B36 O | B-Channel DAC current output. Connect directly to ground if unused.
IOUTBN B37 O | B-Channel DAC complementary current output. Connect directly to ground if unused.
IOUTCP B35 O | C-Channel DAC current output. Connect directly to ground if unused.
IOUTCN B34 O | C-Channel DAC complementary current output. Connect directly to ground if unused.
IOUTDP B32 O | D-Channel DAC current output. Connect directly to ground if unused.
IOUTDN B33 O | D-Channel DAC complementary current output. Connect directly to ground if unused.
I0VDD B6, A17, B25 | Supply voltage for all digital 1/0. (3.3 V)
LPF Al I/O | PLL loop filter connection. If not using the clock multiplying PLL, the LPF pin can be left unconnected.
OSTRP A2 | LVPECL output strobe positive input. This positive/negative pair is captured with the rising edge of
DACCLKPI/N. It is used for multiple DAC synchronization. If unused it can be left unconnected.
OSTRN B2 | LVPECL output strobe negative input. (See the OSTRP description)
Optional LVDS positive input parity bit. The PARITYP/N LVDS pair has an internal 100 Q termination
PARITYP B26 | : >
resistor. If unused it can be left unconnected.
PARITYN A29 | Optional LVDS negative input parity bit.
PLLAVDD B1 | PLL analog supply voltage. (3.3 V)
6 Submit Documentation Feedback Copyright © 2011-2015, Texas Instruments Incorporated
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Pin Functions - WQFN (continued)

PIN
I/0 DESCRIPTION
NAME NO.
SCLK A3l | Serial interface clock. Internal pull-down.
SDENB B28 | Active low serial data enable, always an input to the DAC3484. Internal pull-up.
sSDIO A30 /o Serial interface data. Bi-directional in 3-pin mode (default) and uni-directional 4-pin mode. Internal
pull-down.
Uni-directional serial interface data in 4-pin mode. The SDO pin is tri-stated in 3-pin interface mode
SDO B27 (e}
(default).
Active high asynchronous hardware power-down input. Internal pull-down. If SLEEP pin is set to logic
SLEEP B40 [ HIGH before and during device power-up and initialization, the fuse_sleep bit in register 0x1B, bit 11
must be written after register 0x23 during device initialization register setup.
SYNCP A5 | Optional LVDS SYNC positive input. The SYNCP/N LVDS pair has an internal 100-Q termination
resistor. If unused it can be left unconnected.
SYNCN B5 | Optional LVDS SYNC negative input.
RESETB B30 | Active low input for chip RESET, which resets all the programming registers to their default state.
Internal pull-up.
Transmit enable active high input. Internal pull-down.
To enable analog output data transmission, set sif_txenable in register config3 to 1b or pull CMOS
TXENABLE A32 || TXENABLE pin to high.
To disable analog output, set sif_txenable to Ob and pull CMOS TXENABLE pin to low. The DAC
output is forced to midscale.
TESTMODE A44 | This pin is used for factory testing. Internal pull-down. Leave unconnected for normal operation.
Digital supply voltage. This supply pin is also used for factory fuse programming. Connect to
VFUSE B4 [ -
DACVDD for normal operation.

Copyright © 2011-2015, Texas Instruments Incorporated
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ZAY Package
196-Pin NFBGA
Top View
A B C D E F G H J K L M N P

14

13

12 ALARM| SDO

1

DAC

10 VDD

DAC | DAC | DAC | DAC
vDD ( VDD | vDD | VDD

0s 0s DAC
TRP TRN VDD

TEST | 5| EEP
MODE

DIG

7 N/C N/C VFUSE
DIG
VDD
DIG
VDD

5

4 | D15P | D15N N/C DOP DON
3 | D14P | D14N D1P D1N
2 | D13P | D13N D2P D2N
1] D12P | D12N D3P D3N

DAC Output Data Input 3.3V Supply
) 1.2V Supply
Clock Input CMOS Pins (except for IOVDD2)
Sync/Parity Input N/C Ground
P0134-02
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Pin Functions - NFBGA

PIN
/0 DESCRIPTION
NAME NO.
D10, E11, F11, G11,
AVDD H11, J11, K11, L10 || Analog supply voltage. (3.3 V)
CMOS output for ALARM condition. The ALARM output functionality is defined through the
ALARM N12 O | config7 register. Default polarity is active low, but can be changed to active high via
config0 alarm_out_pol control bit.
Full-scale output current bias. For 30-mA full-scale output current, connect 1.28 kQ to
BIASJ H12 O | ground. Change the full-scale output current through coarse_dac(3:0) in config3,
bit<15:12>
Internal clock buffer supply voltage. (1.2 V)
CLKVDD cl2 : It is recommended to isolate this supply from DIGVDD and DACVDD.
LVDS positive input data bits 0 through 15. Internal 100-Q termination resistor. Data
N4, N3, N2, N1, M2, L2, format relative to DATACLKP/N clock is Double Data Rate (DDR).
D[15..0]P K2, J2, F2, E2, D2, C2, | D15P is most significant data bit (MSB)
Al, A2, A3, A4 DOP is least significant data bit (LSB)
The order of the bus can be reversed via config2 revbus bit.
P4, P3, P2, P1, M1, L1,
D[15..0]N K1,J1, F1, E1, D1, C1, | LVDS negative input data bits 0 through 15. (See D[15:0]P description above)
B1, B2, B3, B4
DACCLKP A12 | Positive external LVPECL clock input for DAC core with a self-bias.
DACCLKN ALl | Complementary external LVPECL clock input for DAC core. (see the DACCLKP
description)
DACVDD D9, E9, E10, F10, G10, | DAC core supply voltage. (1.2 V). It is recommended to isolate this supply from CLKVDD
H10, J10, K9, K10, L9 and DIGVDD.
DATACLKP G2 | LVDS positive input data clock. Internal 100-Q termination resistor. Input data D[15:0]P/N
is latched on both edges of DATACLKP/N (Double Data Rate).
DATACLKN Gl | LVDS negative input data clock. (See DATACLKP description)
DIGVDD E5, E6, E7, F5, J5, K5, | Digital supply voltage. (1.2 V). It is recommended to isolate this supply from CLKVDD and
K6, K7 DACVDD.
Used as external reference input when internal reference is disabled through config27
EXTIO G12 e extref_ena = 1b. Used as internal reference output when config27 extref_ena = Ob
(default). Requires a 0.1-pF decoupling capacitor to AGND when used as reference
output.
LVDS frame indicator positive input. Internal 100-Q termination resistor.
The main functions of this input are to reset the FIFO pointer or to be used as a syncing
FRAMEP H2 | source. These two functions are captured with the rising edge of DATACLKP/N. The signal
captured by the falling edge of DATACLKP/N can be used as a block parity bit. The
FRAMEP/N signal should be edge-aligned with D[15:0]P/N.
Additionally it is used to indicate the beginning of the frame.
FRAMEN H1 | LVDS frame indicator negative input. (See the FRAMEP description)
Al0, A13, Al4, B10,
B11, B12, B13, C5, C6,
C7, C8, C9, C10, C13,
D8, D13, D14, ES8, E12,
E13, F6, F7, F8, F9,
F12, F13, G6, G7, G8,
GND G9, G13, G14, H6, H7, | These pins are ground for all supplies.
H8, H9, H13, H14, J6,
J7, 38, 39, J12, J13, K8,
K13, L8, L13, L14, M5,
M6, M7, M8, M9, M10,
M11, M12, M13, N13,
P13, P14
IOUTAP B14 O | A-Channel DAC current output. Connect directly to ground if unused.
IOUTAN C14 O | A-Channel DAC complementary current output. Connect directly to ground if unused.
IOUTBP F14 O | B-Channel DAC current output. Connect directly to ground if unused.
IOUTBN E14 O | B-Channel DAC complementary current output. Connect directly to ground if unused.
IOUTCP J14 O | C-Channel DAC current output. Connect directly to ground if unused.
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Pin Functions - NFBGA (continued)
PIN
110 DESCRIPTION
NAME NO.
IOUTCN K14 O | C-Channel DAC complementary current output. Connect directly to ground if unused.
IOUTDP N14 O | D-Channel DAC current output. Connect directly to ground if unused.
IOUTDN M14 O | D-Channel DAC complementary current output. Connect directly to ground if unused.
IO0VDD D5, D6, G5, H5, L5, L6 | Supply voltage for all digital 1/0. (3.3 V)
LPE D12 | PLL loop filter connection. If not using the clock multiplying PLL, the LPF pin can be left
unconnected.
LVPECL output strobe positive input. This positive/negative pair is captured with the rising
OSTRP A9 | edge of DACCLKP/N. It is used for multiple DAC synchronization. If unused it can be left
unconnected.
OSTRN B9 | LVPECL output strobe negative input. (See the OSTRP description)
Optional LVDS positive input parity bit. The PARITYP/N LVDS pair has an internal 100-Q
PARITYP N5 | S . .
termination resistor. If unused it can be left unconnected.
PARITYN P5 | Optional LVDS negative input parity bit.
PLLAVDD C11, D11 | PLL analog supply voltage. (3.3 V)
SCLK P9 | Serial interface clock. Internal pull-down.
SDENB P10 | Active low serial data enable, always an input to the DAC3484. Internal pull-up.
sSDIO P11 e Serial interface data. Bi-directional in 3-pin mode (default) and 4-pin mode. Internal pull-
down.
Uni-directional serial interface data in 4-pin mode. The SDO pin is three-stated in 3-pin
SDO P12 o |.
interface mode (default).
Active high asynchronous hardware power-down input. Internal pull-down. If SLEEP pin is
SLEEP BS | set to logic HIGH before and during device power-up and initialization, the fuse_sleep bit
in register 0x1B, bit 11 must be written after register 0x23 during device initialization
register setup.
Optional LVDS SYNC positive input. The SYNCP/N LVDS pair has an internal 100-Q
SYNCP A5 | S . .
termination resistor. If unused it can be left unconnected.
SYNCN B5 | LVDS SYNC negative input.
Active low input for chip RESET, which resets all the programming registers to their default
RESETB N10 ! state. Internal pull-up.
Transmit enable active high input. Internal pull-down.
To enable analog output data transmission, set sif_txenable in register config3 to 1b or
TXENABLE N9 | pull CMOS TXENABLE pin to high.
To disable analog output, set sif_txenable to Ob and pull CMOS TXENABLE pin to low.
The DAC output is forced to midscale.
TESTMODE A8 o This pin is used for factory testing. Internal pull-down. Leave unconnected for normal
operation.
Digital supply voltage. This supply pin is also used for factory fuse programming. Connect
VFUSE D7 | :
to DACVDD for normal operation.
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
DACVDD, DIGVDD, CLKVDD -0.5 15 \%
Supply voltage VFUSE -0.5 15 \
range'® IOVDD 05 4 v
AVDD, PLLAVDD -0.5 4 \%
D[15..0]P/N, DATACLKP/N, FRAMEP/N, PARITYP/N, SYNCP/N -0.5 I0VDD + 0.5 \%
DACCLKP/N, OSTRP/N -0.5 CLKVDD + 0.5 \%
bin voltage range(z) ?)L(EEI\A/IBEEDO SDIO, SCLK, SDENB, SLEEP, RESETB, TESTMODE, 05 |IOVDD + 0.5 v
IOUTAP/N, IOUTBP/N, IOUTCP/N, IOUTDP/N -1.0 AVDD + 0.5 \%
EXTIO, BIASJ -0.5 AVDD + 0.5 \%
LPF 0.5 PLLAVDD+0.5V \%
Peak input current (any input) 20 mA
Peak total input current (all inputs) -30 mA
Operating free-air temperature range, To: DAC3484 -40 85 °C
Absolute maximum junction temperature, T 150 °C
Storage temperature range -65 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Measured with respect to GND.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
Vesp)y Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
2 +500
c101®
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
MIN NOM  MAX| UNIT
- Recommended operating junction temperature 105 oc
J Maximum rated operating junction temperature® 125
Ta Recommended free-air temperature -40 25 85| °C
(1) Prolonged use at this junction temperature may increase the device failure-in-time (FIT) rate.
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6.4 Thermal Information
DAC3484
THERMAL METRIC® ONQFf:f\EMR) i 2 . UNIT
88 PINS 196 BALLS

Rgia Junction-to-ambient thermal resistance 22.1 37.6 °C/W
Raictop Junction-to-case (top) thermal resistance 7.1 6.8 °C/IW
Rgicbot Junction-to-case (bottom) thermal resistance 0.6 N/A °C/IW
038 Junction-to-board thermal resistance 4.7 16.8 °C/IW
Wit Junction-to-top characterization parameter 0.1 0.2 °C/IW
Wig Junction-to-board characterization parameter 4.6 16.4 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report (SPRA953).

6.5 Electrical Characteristics — DC Specifications®
over recommended operating free-air temperature range, nominal supplies, IOUTgg = 20 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 16 Bits
DC ACCURACY
DNL Differential nonlinearity _ 16 +2 LSB
INL Integral nonlinearity 1LSB =10UTes/2 +4 LSB
ANALOG OUTPUT
Coarse gain linearity +0.04 LSB
Offset error Mid code offset +0.001 %FSR
. With external reference +2 %FSR
Gain error —
With internal reference +2 %FSR
Gain mismatch With internal reference +2 %FSR
Full scale output current 10 20 30 mA
Output compliance range -0.5 0.6 \%
Output resistance 300 kQ
Output capacitance 5 pF
REFERENCE OUTPUT
VRer Reference output voltage 1.2 \%
Reference output current® 100 nA
REFERENCE INPUT
Vexmio ::SE: :/:Sltiz?:niaenge External Reference Mode 06 l'i 125 MVQ
Small signal bandwidth 472 kHz
Input capacitance 100 pF
TEMPERATURE COEFFICIENTS
Offset drift +1 ppm/°C
) . with external reference +15 ppm/°C
Gain drift —
with internal reference +30 ppm/°C
Reference voltage drift 8 ppm/°C

(1) Measured differentially across IOUTP/N with 25 Q each to GND.
(2) Use an external buffer amplifier with high impedance input to drive any external load.
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Electrical Characteristics — DC Specifications® (continued)

over recommended operating free-air temperature range, nominal supplies, IOUTgg = 20 mA (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN  TYP MAX| UNIT

POWER SUPPLY®)

AVDD, I0VDD, PLLAVDD All Conditions 3.14 3.3 3.46 \Y

DIGVDD All Conditions 1.14 1.2 1.32 \Y

Foac Sampling Rate < 1.25 GSPS, PLL OFF 114 12 132
CLKVDD, DACVDD Foac Sampling Rate < 1 GSPS, PLL ON vV
Fpac Sampling Rate > 1 GSPS, PLL ON 1.25 1.29 1.32
PSRR Power Supply Rejection Ratio DC tested 0.2 %FSR/V
POWER CONSUMPTION
IavoD) Analog supply current® 123 135| mA
l(DiGvDD) Digital supply current MODE 1 _ _ _ 595 650 mA
(e~ 125 505, ot e o 5w m
l(cLkvDD) Clock supply current output, IF = 200 MHz 90 100 mA
P Power dissipation 1270 1320 mwW
IavoD) Analog supply current® 107 mA
|(IGVDD) Digital supply current MODE 2 _ _ _ 595 mA
o | m
l(cLkvDD) Clock supply current output, IF = 200 MHz 71 mA
P Power dissipation 1198 mwW
IavoD) Analog supply current® 107 mA
|(IGVDD) Digital supply current MODE 3 _ _ _ 282 mA
s orS, e e o |
l(cLkvDD) Clock supply current output, IF = 200 MHz 41 mA
P Power dissipation 765 mwW
IavoD) Analog supply current® 35 mA
l(piGvDD) Digital supply current MODE 4 _ _ _ 595 mA
\oacvop)  DAC supply current G on, mveine on. PLL snabled, Chanmels 38 mA
I(cLkvDD) Clock supply current A/B/C/D output sleep, IF = 200 MHz, 90 mA
P Power dissipation 984 mwW
IavoD) Analog supply current® 20 mA
| (piGvDD) Digital supply current l}\)/lode ° . 10 mA
ower-Down mode: No clock,

lipacvoD) DAC supply current DAC on sleep mode (clock receiver sleep), 4 mA
l(CLKVDD) Clock supply current g:tetlgrrrl]els A/B/CID output sleep, static data 10 mA
P Power Dissipation 95 mwW
IavoD) Analog supply current® 107 mA
| (piGvDD) Digital supply current Mode 6 _ _ ) 333 mA
o | m
I(cLkvDD) Clock supply current output, IF = 200 MHz 60 mA
P Power dissipation 867 mwW
IavoD) Analog supply current® 123 mA
l(piGvDD) Digital supply current Mode 7 _ _ _ 323 mA
l(pacvoDp) DAC supply current g:ﬂcczoﬁ??ﬁiiimsoifs,’P‘:_XLlre]t:arEI(:elgfI(Z)g’—rl:lﬂrle:rson' 23 mA
l(cLkvDD) Clock supply current output, IF = 150 MHz 69 mA
P Power dissipation 904 mwW

(3) To ensure power supply accuracy and to account for power supply filter network loss at operating conditions, the use of the ATEST
function in register config27 to check the internal power supply nodes is recommended.

(4) Includes AVDD, PLLAVDD, and IOVDD
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6.6 Electrical Characteristics — Digital Specifications
over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN  TYP MAX | UNIT
LVDS INPUTS: D[15:0]P/N, DATACLKP/N, FRAMEP/N, SYNCP/N, PARITYP/N®
v
Vas- voliage threshald 200| mv
Vcom Input Common Mode 1.0 1.2 1.6 \Y
Zr Internal termination 85 110 135 Q
C. LVDS Input capacitance 2 pF
foaTa Input data rate 312.5| MSPS
CLOCK INPUT (DACCLKP/N)

Differential voltage® |[DACCLKP - DACCLKN]| 0.4 0.8 \%

R 2 | v

Single-ended input level® -0.4 \%
OUTPUT STROBE (OSTRP/N)

Differential voltage |OSTRP — OSTRN]| 0.4 0.8 \Y,

o oo commen :

Single-ended input level® -0.4 Y
CMOS INTERFACE: ALARM, SDO, SDIO, SCLK, SDENB, SLEEP, RESETB, TXENABLE
Viy High-level input voltage 2 \
Vi Low-level input voltage 0.8 \
M High-level input current -40 40 HA
I Low-level input current -40 40 HA
C CMOS Input capacitance 2 pF
Vo ALARM, SDO, SDIO foad = ~100 pA |OVD%-2 v

load = —2 MA 0.8 x IOVDD \Y
VoL ALARM, SDO, SDIO oo = 100 1A 02 Vv
lioad = 2 MA 0.5 Vv

(1) See LVDS Inputs section for terminology.
(2) Standard high swing LVPECL clock signal should be applied for best performance.

(3) Indicates the minimum voltage that can be applied to the DACCLK and OSTR differential pins in single-ended fashion.

14 Submit Documentation Feedback
Product Folder Links: DAC3484

Copyright © 2011-2015, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com

DAC3484
SLAS749E —~MARCH 2011—-REVISED NOVEMBER 2015

6.7 Electrical Characteristics — AC Specifications
over recommended operating free-air temperature range, nominal supplies, IOUTgs = 20mA (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | MIN TYP MAX| UNIT
ANALOG OUTPUT®
fonc Maximum DAC rate \ | 1250 | Mmsps
AC PERFORMANCE®
foac = 1.25 GSPS, fout = 20 MHz 82
Spurious free dynamic range
SFDR (Opto ) Tor{e o dBFgS fonc = 1.25 GSPS, four = 50 MHz 77 dBc
foac = 1.25 GSPS, fout = 70 MHz 72
) _ S foac = 1.25 MSPS, four = 30 + 0.5 MHz 81
IMD3 Eg’éﬂgﬁ:;""_ol';ogg;’germd”'at'o” distortion | 1 25 GSPS, four = 50 + 0.5 MHz 79 dBc
foac = 1.25 GSPS, foyr = 100 + 0.5 MHz 775
NSD Noise Spectral Density foac = 1.25 GSPS, foyr = 10 MHz 160 dBOHz
Tone at 0dBFS foac = 1.25 GSPS, fout = 80 MHz 155
) o ) foac = 1.2288 GSPS, four = 30.72 MHz 77
Adjacent channel leakage ratio, single carrier ; 12288 GSPS. f 1536 MH 2
=1. , = . z
ACLR® fDAC 1.2288 GSPS fOUT 30.72 MH 82 dBe
=1. s = 30. z
Alternate channel leakage ratio, single carrier pAC ouT
foac = 1.2288 GSPS, four = 153.6 MHz 80
Channel Isolation foac = 1.25 GSPS, foyr = 10 MHz 84 dBc
(1) Measured single ended into 50-Q load.
(2) 4:1 transformer output termination, 50 Q doubly terminated load.
(3) Single carrier, W-CDMA with 3.84-MHz BW, 5-MHz spacing, centered at IF, PAR = 12dB. TESTMODEL 1, 10 ms
6.8 Timing Requirements — Digital Specifications
MIN  NOM MAX | UNIT
CLOCK INPUT (DACCLKP/N)
Duty cycle 40% 60%
DACCLKP/N input frequency 1250 | MHz
OUTPUT STROBE (OSTRP/N)
fostr = foaccik / (N x 8 x Interp) where n is any positive foaccLk /
fosTr Frequency integer, foaccLk is DACCLK frequency in MHz (8 x interp) MHz
Duty cycle 50%
DIGITAL INPUT TIMING SPECIFICATIONS
Timing LVDS inputs: D[15:0]P/N, FRAMEP/N, SYNCP/N, PARITYP/N, double edge latching
Config36 Setting
datadly | clkdly
0 0 150
0 1 100
0 2 50
0 3 0
Setup time, 0 4 -50
D[15:0]P/N, FRAMEP/N reset and frame indicator o 5 100
FRAMEP/N, latched on rising edge of -
ts(pATA) SYNCP/N and DATACLKP/N. 0 6 -150
PARITYP/N, valid | FRAMEP/N parity bit latched on falling 0 7 -200 ps
to either edge of edge of DATACLKPI/N.
DATACLKP/N 1 0 200
2 0 250
3 0 300
4 0 350
5 0 400
6 0 450
7 0 500
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Timing Requirements — Digital Specifications (continued)
MIN  NOM MAX | UNIT
Config36 Setting
datadly | clkdly
0 0 350
0 1 400
0 2 450
0 3 500
Hold time, 0 4 550
D[15:0]P/N, FRAMEPI/N reset and frame indicator 0 5 600
FRAMEP/N, latched on rising edge of
th(DATA) SYNCP/N and DATACLKP/N. 0 6 650 ps
PARITYP/N, valid | FRAMEP/N parity bit latched on falling 0 7 700
after either edge of | edge of DATACLKP/N.
DATACLKP/N 1 0 300
2 0 250
3 0 200
4 0 150
5 0 100
6 0 50
7 0 0
t(FRAME_SYNC) FRAMEP/N and fDATACLK is DATACLK frequency in MHz l/ZfDATACLK ns
SYNCP/N pulse
width
TIMING OUTPUT STROBE INPUT: DACCLKPI/N rising edge LATCHING®
ts(0sTR) Setup time, OSTRP/N valid to rising edge of DACCLKP/N 0 ps
th(osTR) Hold time, OSTRP/N valid after rising edge of DACCLKP/N 300 ps
TIMING SYNC INPUT: DACCLKP/N rising edge LATCHING @
ts(syNC_PLL) Setup time, SYNCP/N valid to rising edge of DACCLKP/N 200 ps
th(synC_PLL) Hold time, SYNCP/N valid after rising edge of DACCLKP/N 300 ps
TIMING SERIAL PORT
ts(SDENB) Setup time, SDENB to rising edge of SCLK 20 ns
ts(spio) Setup time, SDIO valid to rising edge of SCLK 10 ns
th(spio) Hold time, SDIO valid to rising edge of SCLK 5 ns
. Register configb read (temperature sensor read) 1 us
t(scLk) Period of SCLK -
All other registers 100 ns
ty(Data) Data output delay after falling edge of SCLK 10 ns
tRESET Minimum RESETB pulse width 25 ns

(1) OSTR is required in Dual Sync Sources mode. In order to minimize the skew it is recommended to use the same clock distribution
device such as Texas Instruments CDCE62005 or LMK0480x family to provide the DACCLK and OSTR signals to all the DAC3484
devices in the system. Swap the polarity of the DACCLK outputs with respect to the OSTR ones to establish proper phase relationship.

(2) SYNC is required to synchronize the PLL circuit in multiple devices. The SYNC signal must meet the timing relationship with respect to
the reference clock (DACCLKP/N) of the on-chip PLL circuit.
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6.9 Switching Characteristics — AC Specifications

over recommended operating free-air temperature range, nominal supplies, IOUTgs = 20 mA (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
ANALOG OUTPUT®
ts(pAc) Output settling time to 0.1% | Transition: Code 0x0000 to OXFFFF 10 ns
) DAC outputs are updated on the falling edge of DAC
fpa Output propagation delay clock. Does not include Digital Latency (see below). 2 ns
traoum) Output rise time 10% to 220 ps
90%
tigouT) Output fall time 90% to 220 ps
10%
No interpolation, FIFO on, Mixer off, QMC off, Inverse 128
sinc off
2x Interpolation 216
4x Interpolation 376
_ DAC
Digital latency 8x Interpolation 726 clock
16x Interpolation 1427 cycles
Fine mixer 24
QmMC 32
Inverse sinc 36
i 0,
DAC wake-up time IOUT current settling to 1% of IOUTgg from output 5
Power-up sleep s
Time ; o -
DAC sleep time IOUT current settling to less than 1% of IOUTgg in 2
output sleep
(1) Measured single ended into 50-Q load.
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6.10 Typical Characteristics

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer
(unless otherwise noted)
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer
(unless otherwise noted)
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Figure 7. SFDR vs Output Frequency Over fpac Figure 8. SFDR vs Output Frequency Over loytrs
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Figure 11. Single Tone Spectral Plot Figure 12. Single Tone Spectral Plot
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer
(unless otherwise noted)
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Figure 13. Single Tone Spectral Plot Figure 14. IMD3 vs Output Frequency Over Input Scale
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Figure 15. IMD3 vs Output Frequency Over Interpolation Figure 16. IMD3 vs Output Frequency Over fpac
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer
(unless otherwise noted)
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer
(unless otherwise noted)
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Figure 25. Single Carrier WCDMA ACLR (Adjacent) vs
Output Frequency Over Clocking Options
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Figure 26. Single Carrier WCDMA ACLR (Alternate) vs

Output Frequency Over Clocking Options
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC

enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer
(unless otherwise noted)
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer

(unless otherwise noted)
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Figure 41. DIGVDD Current vs fpac Over Interpolation Figure 42. DIGVDD Current vs fpac Over Digital Processing
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer

(unless otherwise noted)
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Figure 43. DACVDD Current vs fpac Figure 44. CLKVDD Current vs fpac
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Typical Characteristics (continued)

All plots are at 25°C, nominal supply voltage, foac = 1250 MSPS, 4x interpolation, NCO enabled, Mixer Gain disabled, QMC
enabled with gain set at 1446 for both 1/Q channels, 0 dBFS digital input, 20-mA full-scale output current with 4:1 transformer
(unless otherwise noted)
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Figure 49. IMD3 vs Output Frequency
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7 Detailed Description

7.1 Overview

The DAC3484 includes a quad-channel, 16-bit digital-to-analog converter (DAC) with up to 1.25 GSPS sample
rate, a 16-bit LVDS data bus with on-chip termination, FIFO, data pattern checker, and parity test. The device
includes 2x to 16x digital interpolation filters with over 90dB of stop-band attenuation, reconstruction filters,
independent complex mixers, a low jitter clock multiplier, and digital Quadrature Modulator Correction (QMC).

Full synchronization of multiple devices is possible with the DAC3484. It is an ideal device for next generation
communication systems.
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Serial Interface

The serial port of the DAC3484 is a flexible serial interface which communicates with industry standard
microprocessors and microcontrollers. The interface provides read/write access to all registers used to define the
operating modes of DAC3484. It is compatible with most synchronous transfer formats and can be configured as
a 3 or 4 pin interface by sif4_ena in register config2. In both configurations, SCLK is the serial interface input
clock and SDENB is serial interface enable. For 3 pin configuration, SDIO is a bidirectional pin for both data in
and data out. For 4 pin configuration, SDIO is data in only and SDO is data out only. Data is input into the device
with the rising edge of SCLK. Data is output from the device on the falling edge of SCLK.

Each read/write operation is framed by signal SDENB (Serial Data Enable Bar) asserted low. The first frame byte
is the instruction cycle which identifies the following data transfer cycle as read or write as well as the 7-bit
address to be accessed. Table 1 indicates the function of each bit in the instruction cycle and is followed by a
detailed description of each bit. The data transfer cycle consists of two bytes.

Table 1. Instruction Byte of the Serial Interface

BIT 7 (MSB) 6 5 4 3 2 1 0 (LSB)
Description R/W A6 A5 Ad A3 A2 Al A0
R/W Identifies the following data transfer cycle as a read or write operation. A high indicates a read

operation from DAC3484 and a low indicates a write operation to DAC3484.
[A6: AO] Identifies the address of the register to be accessed during the read or write operation.
Figure 50 shows the serial interface timing diagram for a DAC3484 write operation. SCLK is the serial interface

clock input to DAC3484. Serial data enable SDENB is an active low input to DAC3484. SDIO is serial data in.
Input data to DAC3484 is clocked on the rising edges of SCLK.

v

‘\47 Instruction Cycle #}4 Data Transfer Cycle
SDENB \ /
SCK __ MN\SN\SN\ SN\ SN\ SN\

SDIO (Crwb X_ A6 X A5 X A4 X A3 X A2 X A1 X A0 X D15 X D14 X D13 X D12 X D11 X D10 X D9 X D8 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO \
< » tS(SDENE) \‘7t(SCLK)4N

| .

SDIO X x X | X
} :‘4—* th(spio)

le—>i— tsspio)

T0521-01

Figure 50. Serial Interface Write Timing Diagram

Figure 51 shows the serial interface timing diagram for a DAC3484 read operation. SCLK is the serial interface
clock input to DAC3484. Serial data enable SDENB is an active low input to DAC3484. SDIO is serial data in
during the instruction cycle. In 3 pin configuration, SDIO is data out from the DAC3484 during the data transfer
cycle, while SDO is in a high-impedance state. In 4 pin configuration, SDO is data out from the DAC3484 during
the data transfer cycle. At the end of the data transfer, SDIO and SDO will output low on the final falling edge of
SCLK until the rising edge of SDENB when they will 3-state.
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Figure 51. Serial Interface Read Timing Diagram

7.3.2 Data Interface

The DAC3484 has a 16-bit LVDS bus that accepts quad, 16-bit data either in word-wide or dual byte-wide
formats. The quad, 16-bit data can be input to the device using either a single-bus, 16-bit interface or a dual-bus,
8-bit interface. The selection between the two modes is done through 16bit_in in the config2 register. The LVDS
bus inputs in each mode are shown in Table 2.

Table 2. LVDS Bus Input Assignment

INPUT MODE PINS
Word-wide D[15..0] — Data for paths A, B, C
and D
Byte-wide D[15..8] — Data for paths A and B
D[7..0] — Data for paths C and D

Data is sampled by the LVDS double data rate (DDR) clock DATACLK. Setup and hold requirements must be
met for proper sampling.

For both input bus modes, a sync signal, either FRAME or SYNC, can sync the FIFO read and/or write pointers.
In byte-wide mode the sync source is needed to establish the correct sample boundaries.

The sync signal, either FRAME or SYNC, can be either a pulse or a periodic signal where the sync period
corresponds to multiples of 8 samples. FRAME or SYNC is sampled by a rising edge in DATACLK. The pulse-
width terave_sync) N€eds to be at least equal to 1/2 of the DATACLK period.

For both input bus mode, the value in FRAME sampled by the next falling edge in DATACLK can be used as a
block parity value. This feature is enabled by setting frame_parity _ena in register configl to 1b. Refer to Parity
Check Test section for more detail

7.3.2.1 Word-Wide Format

The single-bus, 16-bit interface is selected by setting 16bit_in to 1b in the config2 register. In this mode the 16-bit
data for channels A, B, C and D is input word-wide interleaved in the form A, By, Cp, Do, Al... into the
D[15:0]P/N LVDS bus. Data into the DAC3484 is formatted according to the diagram shown in Figure 52 where
index O is the data LSB and index 15 is the data MSB.
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Figure 52. Word-wide Data Transmission Format
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7.3.2.2 Byte-Wide Format

The dual-bus, 8-bit interface is selected by setting 16bit_in to Ob in the config2 register. In this mode the 16-bit
data for channels A and B is interleaved in the form Ag[15:8], Ag[7:0], Bg[15:8], Bo[7:0], A1[15:8]... into the
D[15:8]P/N LVDS inputs. Similarly data for channels C and D is interleaved into the D[7:0]P/N LVDS inputs. Data
into the DAC3484 is formatted according to the diagram shown in Figure 53 where index 0 is the data LSB and
index 15 is the data MSB.
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Figure 53. Byte-wide Data Transmission Format

T0534-01

7.3.3 Input FIFO

The DAC3484 includes a 4-channel, 16-bits wide, and 8-samples deep input FIFO which acts as an elastic
buffer. The purpose of the FIFO is to absorb any timing variations between the input data and the internal DAC
data rate clock such as the ones resulting from clock-to-data variations from the data source.
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Figure 54 shows a simplified block diagram of the FIFO. The following sections provide brief overviews of the
FIFO, device synchronization, and device clocking. For more details of the topics, please refer to application note
SLAA584.

Clock Handoff

———— e ——————— o) ettt et L b e >
Input Side FIFO: Output Side
Clocked by DATACLK 4 x 16-Bits Wide Clocked by FIFO Out Clock
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|
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|
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|

_________________ -
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pointer. Allows Multi-DAC synchronization
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Figure 54. DAC3484 FIFO Block Diagram

Data is written to the device 16-bits at a time on the rising and falling edges of DATACLK. In order to form a
complete 64-bit wide sample (16-bit A-data, 16-bit B-data, 16-bit C-data, and 16-bit D-data) two DATACLK
periods are required. Each 64-bit wide sample is written into the FIFO at the address indicated by the write
pointer. Similarly, data from the FIFO is read by the FIFO Out Clock 64-bits at a time from the address indicated
by the read pointer. The FIFO Out Clock is generated internally from the DACCLK signal and its rate is equal to
DACCLK/Interpolation. Each time a FIFO write or FIFO read is done the corresponding pointer moves to the next
address.

The reset position for the FIFO read and write pointers is set by default to addresses 0 and 4 as shown in
Figure 54. This offset gives optimal margin within the FIFO. The default read pointer location can be set to
another value using fifo_offset(2:0) in register config9 (address 4 by default). Under normal conditions data is
written-to and read-from the FIFO at the same rate and consequently the write and read pointer gap remains
constant. If the FIFO write and read rates are different, the corresponding pointers will be cycling at different
speeds which could result in pointer collision. Under this condition the FIFO attempts to read and write data from
the same address at the same time which will result in errors and thus must be avoided.

The write pointer sync source is selected by syncsel_fifoin(3:0) in register config32. In most applications either
FRAME or SYNC are used to reset the write pointer. Unlike DATA, the sync signal is latched only on the rising
edges of DATACLK. A rising edge on the sync signal source causes the pointer to return to its original position.
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Similarly, the read pointer sync source is selected by syncsel_fifoout(3:0). The write pointer sync source can be
set to reset the read pointer as well. In this case, FIFO Out clock will recapture the write pointer sync signal to
reset the read pointer. This clock domain transfer (DATACLK to FIFO Out Clock) results in phase ambiguity of
the reset signal, and will create latency variation based on the capture edge of the FIFO Out Clock. Since the
reset signal also synchronizes the clock divider circuit for the FIFO Out Clock generation, the latency variation
also includes the capture edge of the DACCLK cycle in the clock divider stage. Ultimately, the variation in
capture edge of both the FIFO Out Clock and the DACCLK limits the precise control of the output timing latency.
The full latency control of the DAC will be difficult and is not recommended in this setup.

NOTE
For full latency control of the DAC, refer to the Dual Sync Source mode section of the data
sheet.

To alleviate this, the device offers the alternative of resetting the FIFO read pointer independently of the write
pointer by using the OSTR signal. The OSTR signal is sampled by DACCLK and must satisfy the timing
requirements in the specifications table. In order to minimize the skew it is recommended to use the same clock
distribution device such as Texas Instruments CDCE62005 or LMKO0480x family to provide the DACCLK and
OSTR signals to all the DAC3484 devices in the system. Swapping the polarity of the DACCLK outputs with
respect to the OSTR ones establishes proper phase relationship.

The FIFO pointers reset procedure can be done periodically or only once during initialization as the pointers
automatically return to the initial position when the FIFO has been filled. To reset the FIFO periodically, it is
necessary to have the FRAME, SYNC, and OSTR signals to repeat at multiples of 8 FIFO samples. To disable
FIFO reset, set syncsel_fifoin(3:0) and syncsel_fifoout(3:0) to 0000b.

The frequency limitation for FRAME and SYNC signals are the following:

fsync = foatack/(n X 16) where n =1, 2, ... for Word-Wide and Byte-Wide Mode
The frequency limitation for the OSTR signal is the following:

fostr = foac/(n X interpolation x 8) where n =1, 2, ...

The frequencies above are at maximum when n = 1. This is when the FRAME, SYNC, or OSTR have a rising
edge transition every 8 FIFO samples. The occurrence can be made less frequent by setting n > 1, for example,
every n x 8 FIFO samples.
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Figure 55. FIFO Write and Read Descriptions

7.3.4 FIFO Modes of Operation

The DAC3484 input FIFO can be completely bypassed through registers config0 and config32. The register
configuration for each mode is described in Table 3.

Register Control Bits
config0 fifo_ena
config32 syncsel_fifoout(3:0)
Table 3. FIFO Operation Modes
config0 and config32 FIFO Bits
FIFO MODE . syncsel_fifoout
fifo_ena -
BIT 3: sif_sync BIT 2: OSTR BIT 1: FRAME BIT 0: SYNC
Dual Sync Sources 1 0 1 0 0
Single Sync 1 0 0 1 or 0 Depends on the sync 1 or 0 Depends on the
Source source sync source
Bypass 0 X X X X

7.3.4.1 Dual Sync Sources Mode

This is the recommended mode of operation for those applications that require precise control of the output
timing. In Dual Sync Sources mode, the FIFO write and read pointers are reset independently. The FIFO write
pointer is reset using the LVDS FRAME or SYNC signal, and the FIFO read pointer is reset using the LVPECL
OSTR signal. This allows LVPECL OSTR signal to control the phase of the output for either a single chip or
multiple chips. Multiple devices can be fully synchronized in this mode.
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7.3.4.2 Single Sync Source Mode

In Single Sync Source mode, the FIFO write and read pointers are reset from the same source, either LVDS
FRAME or LVDS SYNC signal. As described in the Input FIFO section, this mode has latency variations in both
the FIFO Out Clock and DAC Clock between the multiple DAC devices. Applications requiring exact output timing
control will need Dual Sync Sources mode instead of Single Sync Source Mode. A rising edge for FIFO and
clock divider sync is recommended. Periodic sync signal is not recommended due to non-deterministic latency of
the sync signal through the clock domain transfer.

7.3.4.3 Bypass Mode

In FIFO bypass mode, the FIFO block is not used. As a result the input data is handed off from the DATACLK to

the DACCLK domain without any compensation. In this mode the relationship between DATACLK and DACCLK

is critical and used as a synchronizing mechanism for the internal logic. Due to the this constraint this mode is

not recommended. The effects of bypassing the FIFO are the following:

* The FIFO pointers have no effect on the data path or handoff.

* The FIFO will not be able to pass the controls signals from the LVDS FRAME and LVDS SYNC to digital
circuits after the FIFO. These digital circuits mainly are quadrature modulation corrections circuits, complex
mixer circuits, and numerical controlled oscillator circuits.

7.3.5 Clocking Modes

The DAC3484 has a dual clock setup in which a DAC clock signal is used to clock the DAC cores and internal
digital logic and a separate DATA clock is used to clock the input LVDS receivers and FIFO input. The DAC3484
DAC clock signal can be sourced directly or generated through an on-chip low-jitter phase-locked loop (PLL).

In those applications requiring extremely low noise it is recommended to bypass the PLL and source the DAC
clock directly from a high-quality external clock to the DACCLK input. In most applications system clocking can
be simplified by using the on-chip PLL to generate the DAC core clock while still satisfying performance
requirements. In this case the DACCLK pins are used as the reference frequency input to the PLL.

16-Bit

PLL
DACCLK :l}
vCo/ DACQ

Dividers pll_ena

16-Bit
DACI

Clock Distribution
to Digital

55
i)

B0452-01

Figure 56. Top Level Clock Diagram

7.3.5.1 PLL Bypass Mode

In PLL bypass mode a very high quality clock is sourced to the DACCLK inputs. This clock is used to directly
clock the DAC3484 DAC sample rate clock. This mode gives the device best performance and is recommended
for extremely demanding applications.

The bypass mode is selected by setting the following:

1. pll_ena bit in register config24 to Ob to bypass the PLL circuitry.

2. pll_sleep bit in register config26 to 1b to put the PLL and VCO into sleep mode.

7.3.5.2 PLL Mode

In this mode the clock at the DACCLK input functions as a reference clock source to the on-chip PLL. The on-
chip PLL will then multiply this reference clock to supply a higher frequency DAC sample rate clock. Figure 57
shows the block diagram of the PLL circuit.
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Figure 57. PLL Block Diagram

The DAC3484 PLL mode is selected by setting the following:
1. pll_ena bit in register config24 to 1b to route to the PLL clock path.
2. pll_sleep bit in register config26 to Ob to enable the PLL and VCO.

B0453-01

The output frequency of the VCO is designed to be the in the range from 3.3GHz to 4.0GHz. The prescaler
value, pll_p(2:0) in register config24, should be chosen such that the product of the prescaler value and DAC
sample rate clock is within the VCO range. To maintain optimal PLL loop, the coarse tune bits, pll_vco(5:0) in
register config26, can adjust the center frequency of the VCO towards the product of the prescaler value and
DAC sample rate clock. Figure 58 shows a typical relationship between coarse tune bits and VCO center

frequency.
Coarse-Tuning Bits VCO Frequency (MHz) - 3253
-Tuni its =

3900 [— 9 11.6 /
< 3800 <
T
g /
% 3700 ~
[
(]
g_ //
(]
= 3600
8
> 3500 //

3400 / /

3300 b— Dl

0 8 16 24 32 40 48 56 64
Coarse-Tuning Bits
Figure 58. Typical PLL/VCO Lock Range vs Coarse Tuning Bits
36 Submit Documentation Feedback Copyright © 2011-2015, Texas Instruments Incorporated

Product Folder Links: DAC3484



13 TEXAS
INSTRUMENTS
DAC3484

www.ti.com SLAS749E —MARCH 2011 —-REVISED NOVEMBER 2015

Common wireless infrastructure frequencies (614.4 MHz, 737.28 MHz, 1.2288 GHz, ...) are generated from this
VCO frequency in conjunction with the pre-scaler setting as shown in Table 4.

Table 4. VCO Operation

Vel F(RMEF%JENCY PRE-SCALE DIVIDER | DESIRED DACCLK (MHz) pll_p(2:0)
3440.64 7 491.52 111
3686.4 6 614.4 110
3686.4 5 737.28 101
3686.4 3 1228.8 011

The M divider is used to determine the phase-frequency-detector (PFD) and charge-pump (CP) frequency.

Table 5. PFD and CP Operation

DACC"K(“';E'ZE)QUENCY M DIVIDER PDF UPDATE RATE (MHz) pll_m(7:0)
491,52 4 122.88 00000100
491,52 8 61.44 00001000
491,52 16 30.72 00010000
491,52 32 15.36 00100000

The N divider in the loop allows the PFD to operate at a lower frequency than the reference clock. Both M and N
dividers can keep the PFD frequency below 155 MHz for peak operation.

The overall divide ratio inside the loop is the product of the Pre-Scale and M dividers (P * M) and the following
guidelines should be followed:

» The overall divide ratio range is from 24 to 480
» When the overall divide ratio is less than 120, the internal loop filter can guarantee a stable loop

* When the overall divide ratio is greater than 120, an external loop filter or double charge pump is required to
ensure loop stability

The single- and double-charge-pump current option are selected by setting pll_cp in register config24 to 01b and
11b, respectively. When using the double-charge-pump setting, an external loop filter is not required. If an
external filter is required, the following filter should be connected to the LPF pin (Al for RKD package and D12
for ZAY package):

LPF

R=1kQ C2=1nF

C1=100 nF

an

\Y

$0514-01

Figure 59. Recommended External Loop Filter

The PLL generates an internal OSTR signal and does not require the external LVPECL OSTR signal. The OSTR
signal is buffered from the N-divider output in the PLL block, and the frequency of the signal is the same as the
PFD frequency. Therefore, using PLL with Dual Sync Sources mode would require the PFD frequency to be the
pre-defined OSTR frequency. This will allow the FIFO to be synced correctly by the internal OSTR.
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7.3.6 FIR Filters

Figure 60 through Figure 63 show the magnitude spectrum response for the FIRO, FIR1, FIR2 and FIR3
interpolating filters where fjy is the input data rate to the FIR filter. Figure 64 to Figure 67 show the composite
filter response for 2x, 4x, 8x and 16x interpolation. The transition band for all interpolation settings is from 0.4 to
0.6 x fpata (the input data rate to the device) with <0.001dB of pass-band ripple and >90dB stop-band
attenuation.

The DAC3484 also has a 9-tap inverse sinc filter (FIR4) that runs at the DAC update rate (fpac) that can be used
to flatten the frequency response of the sample-and-hold output. The DAC sample-and-hold output sets the
output current and holds it constant for one DAC clock cycle until the next sample, resulting in the well-known
sin(x)/x or sinc(x) frequency response (Figure 68, red line). The inverse sinc filter response (Figure 68, blue line)
has the opposite frequency response from 0 to 0.4 x Fdac, resulting in the combined response (Figure 68, green
line). Between 0 to 0.4 x fpac, the inverse sinc filter compensates the sample-and-hold roll-off with less than
0.03dB error.

The inverse sinc filter has a gain >1 at all frequencies. Therefore, the signal input to FIR4 must be reduced from
full scale to prevent saturation in the filter. The amount of back-off required depends on the signal frequency, and
is set such that at the signal frequencies the combination of the input signal and filter response is less than 1
(0dB). For example, if the signal input to FIR4 is at 0.25 X fpac, the response of FIR4 is 0.9dB, and the signal
must be backed off from full scale by 0.9dB to avoid saturation. The gain function in the QMC blocks can be
used to reduce the amplitude of the input signal. The advantage of FIR4 having a positive gain at all frequencies
is that the user is then able to optimize the back-off of the signal based on its frequency.

The filter taps for all digital filters are listed in Table 6. Note that the loss of signal amplitude may result in lower
SNR due to decrease in signal amplitude.
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Figure 60. Magnitude Spectrum for FIRO Figure 61. Magnitude Spectrum for FIR1
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Figure 63. Magnitude Spectrum for FIR3
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Figure 67. 16x Interpolation Composite Response
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Figure 68. Magnitude Spectrum for Inverse Sinc Filter
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Table 6. FIR Filter Coefficients
INTERPOLATING HALF-BAND FILTERS ngéggiszgiﬁﬂgg
FIRO FIR1 FIR2 FIR3 FIR4
59 TAPS 23 TAPS 11 TAPS 11 TAPS 9 TAPS
6 6 -12 -12 29 29 3 3 1 1
0 0 0 0 0 0 0 0 -4 -4
-19 -19 84 84 214 214 -25 -25 13 13
0 0 0 0 0 0 0 0 -50 -50
47 47 -336 -336 1209 1209 150 150 5921
0 0 0 0 20480 2561
-100 -100 1006 1006
0 0 0 0
192 192 -2691 -2691
0 0 0 0
-342 -342 10141 10141
0 0 163841
572 572
0 0
-914 -914
0 0
1409 1409
0 0
-2119 2119
0 0
3152 3152
0 0
-4729 -4729
0 0
7420 7420
0 0
-13334 -13334
0 0
41527 41527
655361
(1) Center taps are highlighted in BOLD
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7.3.7 Complex Signal Mixer

The DAC3484 has two paths of complex signal mixer blocks that contain two full complex mixer (FMIX) blocks
and power saving coarse mixer (CMIX) blocks. The signal path is shown in Figure 69.

16 16 16

16
| Data In , , | Data Out
(A) Complex (A)
Fs/2 +Fs/4 Signal
16 Mixer 16 Mixer 16 - 16
QDataln 3 | .| Multiplier ) Q Data Out
(B) (B)
A A
T T T sine cosine
CMIX<1> CMIX<2> CMIX<0> 16 16
/ \¢&—— CMIX<3>
A A
sine cosine sine cosine
16 16 16 16
(AB)
) Numerically Fixed Fs/8
NCO_ENA Controlled Oscillator
Oscillator

B0471-02

Figure 69. Path of Complex Signal Mixer

7.3.7.1 Full Complex Mixer

The two FMIX blocks operate with independent Numerically Controlled Oscillators (NCOs) and enable flexible
frequency placement without imposing additional limitations in the signal bandwidth. The NCOs have 32-bit
frequency registers (phaseaddAB(31:0) and phaseaddCD(31:0)) and 16-bit phase registers (phaseoffsetAB(15:0)
and phaseoffsetCD(15:0)) that generate the sine and cosine terms for the complex mixing. The NCO block
diagram is shown in Figure 70.
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Accumulator 7 > sin
Frequency 32 32 82 16 o z 16 Look-Up
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