THS5671A
14-BIT, 125 MSPS, CommsDAC[
DIGITAL-TO-ANALOG CONVERTER

SLAS201A - DECEMBER 1999 — REVISED SEPTEMBER 2002

® Member of the Pin-Compatible SOIC (DW) OR TSSOP (PW) PACKAGE
CommsDACO Product Family (TOP VIEW)

® 125 MSPS Update Rate D13 O 1 U 28 1 cLk

® 14-Bit Resolution D12 12 27 I'T1 DVpp

® Spurious Free Dynamic Range (SFDR) to D11 L3 26 [T DGND
Nyquist at 40 MHz Output: 63 dBc D10 L4 25 FT] MODE

® 1 ns Setup/Hold Time —— | ==

Dg 16 23 [T comP2

® Differential Scalable Current Outputs: 2 mA D7 17 22 [ 11 10UT1
to 20 mA D6 18 21 17 I0UT2

® On-Chip 1.2V Reference D5 LI]9 20 [T AGND

® 3Vand 5V CMOS-Compatible Digital o e S
Interface D2 1] 12 17 |1 EXTIO

® Straight Binary or Twos Complement Input D1 113 16 |11 EXTLO

® Power Dissipation: 175 mW at 5V, Sleep Do L1 H14 15 [T SLEEP
Mode: 25 mW at 5V

® Package: 28-Pin SOIC and TSSOP

description

The THS5671A is a 14-bit resolution digital-to-analog converter (DAC) specifically optimized for digital data
transmission in wired and wireless communication systems. The 14-bit DAC is a member of the CommsDAC
series of high-speed, low-power CMOS digital-to-analog converters. The CommsDAC family consists of pin
compatible 14-, 12-, 10-, and 8-bit DACs. All devices offer identical interface options, small outline package, and
pinout. The THS5671A offers superior ac and dc performance while supporting update rates up to 125 MSPS.

The THS5671A operates from an analog supply of 4.5V to 5.5 V. Its inherent low power dissipation of 175 mW
ensures that the device is well-suited for portable and low-power applications. Lowering the full-scale current
output reduces the power dissipation without significantly degrading performance. The device features a
SLEEP mode, which reduces the standby power to approximately 25 mW, thereby optimizing the power
consumption for system needs.

The THS5671A is manufactured in Texas Instruments advanced high-speed mixed-signal CMOS process. A
current-source-array architecture combined with simultaneous switching shows excellent dynamic
performance. On-chip edge-triggered input latches and a 1.2 V temperature-compensated bandgap reference
provide a complete monolithic DAC solution. The digital supply range of 3V to 5.5V supports 3V and 5V CMOS
logic families. Minimum data input setup and hold times allow for easy interfacing with external logic. The
THS5671A supports both a straight binary and twos complement input word format, enabling flexible interfacing
with digital signal processors.

The THS5671A provides a nominal full-scale differential output current of 20 mA and >300 kQ output
impedance, supporting both single-ended and differential applications. The output current can be directly fed
to the load (e.g., external resistor load or transformer), with no additional external output buffer required. An
accurate on-chip reference and control amplifier allows the user to adjust this output current from 20 mA down
to 2 mA, with no significant degradation of performance. This reduces power consumption and provides 20 dB
gain range control capabilities. Alternatively, an external reference voltage and control amplifier may be applied
in applications using a multiplying DAC. The output voltage compliance range is 1.25 V.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

CommsDAC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright 00 2002, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

o
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testing of all parameters. EXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



THS5671A
14-BIT, 125 MSPS, CommsDAC[]
DIGITAL-TO-ANALOG CONVERTER

SLAS201A - DECEMBER 1999 — REVISED SEPTEMBER 2002

description (continued)

The THS5671A is available in both a 28-pin SOIC and TSSOP package. The device is characterized for
operation over the industrial temperature range of —40°C to 85°C.

AVAILABLE OPTIONS

PACKAGE
TA 28-TSSOP 28-S0OIC
(PW) (DW)
—40°C to 85°C THS5671AIPW THS5671AIDW

functional block diagram
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THS5671A
14-BIT, 125 MSPS, CommsDAC[]
DIGITAL-TO-ANALOG CONVERTER

SLAS201A - DECEMBER 1999 — REVISED SEPTEMBER 2002

Terminal Functions

TERMINAL
110 DESCRIPTION
NAME NO.

AGND 20 | Analog ground return for the internal analog circuitry

AVDD 24 | Positive analog supply voltage (4.5 V to 5.5 V)

BIASJ 18 O | Full-scale output current bias

CLK 28 | External clock input. Input data latched on rising edge of the clock.

COMP1 19 | Compensation and decoupling node, requires a 0.1 pF capacitor to AVpp.

COMP2 23 | Internal bias node, requires a 0.1 pF decoupling capacitor to AGND.

D[13:0] [1:14] | Data bits 0 through 13.

D13 is most significant data bit (MSB), DO is least significant data bit (LSB).

DGND 26 | Digital ground return for the internal digital logic circuitry

DVpD 27 | Positive digital supply voltage (3 V to 5.5 V)

EXTIO 17 1/0 | Used as external reference input when internal reference is disabled (i.e., EXTLO = AVpp). Used as internal
reference output when EXTLO = AGND, requires a 0.1 uF decoupling capacitor to AGND when used as reference
output.

EXTLO 16 O | Internal reference ground. Connect to AVpp to disable the internal reference source.

I0UT1 22 O | DAC current output. Full scale when all input bits are set 1

I0UT2 21 O | Complementary DAC current output. Full scale when all input bits are 0

MODE 25 | Mode select. Internal pulldown. Mode O is selected if this pin is left floating or connected to DGND. See
timing diagram.

SLEEP 15 | Asynchronous hardware power down input. Active high. Internal pulldown. Requires 5 us to power down but 3 ms
to power up.

absolute maximum ratings over operating free-air temperature (unless otherwise noted)’

Supply voltage range, AVpp (SEE NOte 1) .. ... it -0.3Vto6.5V
DVpp (see Note 2) ... -03Vto6.5V
Voltage between AGND and DGND .. ... .t -0.3Vto0.5V
Supply voltage range, AVppD IO DVDD - oo vv i -6.5Vto6.5V
CLK, SLEEP, MODE (see Note 2) ............coovvinnn. -0.3VtoDVpp +0.3V
Digital input D13-DO(seeNote2) ..................... -0.3VtoDVpp +0.3V
IOUTL, IOUT2 (see Note 1) ... -1VtoAVpp +0.3V
COMP1,COMP2 (see Note 1) .........ciiiiinennnnnnn -0.3VtoAVpp + 0.3V
EXTIO,BIASI (see Note 1) .......coiviiiiiiiinennn.. -0.3VtoAVpp + 0.3V
EXTLO (SEe NOte 1) ..ot -0.3Vto0.3V
Peak input current (any iNPUL) .. ..o 20 mA
Peak total input current (all INPULS) . ... oot —-30 mA
Operating free-air temperature range, Ta: THS5671AI . ... ...t —40°C to 85°C
Storage temMPeratUre FaNQgE ... ..ttt ettt e e e e e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds ............. ... .cooviiin... 260°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 the device at 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.

NOTES: 1. Measured with respect to AGND.

2. Measured with respect to DGND.
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THS5671A
14-BIT, 125 MSPS, CommsDAC[]
DIGITAL-TO-ANALOG CONVERTER

SLAS201A - DECEMBER 1999 — REVISED SEPTEMBER 2002

electrical characteristics over recommended operating free-air temperature

DVpp =5V, IOUTEg = 20 mA (unless otherwise noted)

dc specifications

range, AVpp =5V,

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 14 Bits
DC accuracyt
INL Integral nonlinearity -7 +2.5 7 LSB
: _ — Ta = —40°C to 85°C
DNL Differential nonlinearity -3.5 +2 3.5 LSB
Monotonicity At 11-hbit level Monotonic
Analog output
Offset error 0.02 %FSR
Gain erfor W?th?ut internal reference 2.3 %ESR
With internal reference 1.3
Full scale output current¥ 2 20 mA
Output compliance range AVpp =5V, IOUTEg=20mA -1 1.25 \%
Output resistance 300 kQ
Output capacitance 5 pF
Reference output
Reference voltage 1.18 1.22 1.32 \%
Reference output current8 100 nA
Reference input
VEXTIO Input voltage range 0.1 1.25 \
Input resistance 1 MQ
Small signal bandwidth™ Without Ccomp1 13 MHz
Input capacitance 100 pF
Temperature coefficients
Offset drift 0
Gain drift xthc')ut internal reference +40 ggg/gé
ith internal reference +120
Reference voltage drift +35
Power supply
AVDD Analog supply voltage 4.5 5 5.5 \%
DVpp Digital supply voltage 55 \%
Analog supply current 25 30 mA
IAvDD
Sleep mode supply current Sleep mode 3 mA
Ipvpp  Digital supply current?# 5 mA
Power dissipationll AVpDp =5V, DVpp=5V, IOUTEg=20mA 175 mw
AVDD o +0.4
Power supply rejection ratio %FSR/V
DVpD +0.025
Operating range -40 85 °C

T Measured at IOUT1 in virtual ground configuration.

 Nominal full-scale current IOUTEg equals 32X the IBIAS current.

8 Use an external buffer amplifier with high impedance input to drive any external load.

1 Reference bandwidth is a function of external cap at COMP1 pin and signal level.

# Measured at fo| k = 50 MSPS and foy7= 1 MHz.

Il Measured for 50 Q R oap at I0UT1 and I0UT2, fcp k = 50 MSPS and foT = 20 MHz.
Specifications subject to change
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THS5671A
14-BIT, 125 MSPS, CommsDAC[]
DIGITAL-TO-ANALOG CONVERTER

SLAS201A - DECEMBER 1999 — REVISED SEPTEMBER 2002

electrical characteristics over recommended operating free-air temperature range, AVpp =5V,
DVpp =5V, IOUTEg =20 mA, differential transformer coupled output, 50 Q doubly terminated load
(unless otherwise noted)

ac specifications

PARAMETER | TEST CONDITIONS | MIN  TYP MAX | UNIT
Analog output
. DVpp=45Vto55V 100 125
fcLk Maximum output update rate MSPS
DVpp=3Vto3.6V 70 100
ts(DAC) Output settling time to 0.1% 35 ns
thd Output propagation delay 1 ns
GE Glitch energyi Worst case LSB transition (code 8191 — code 8192) 5 pV-s
tr((ouT) Output rise time 10% to 90%t 1 ns
t(jouT) Output fall time 90% to 10% 1 ns
) IOUTES =20 mA 15
Output noise pANHZ
IOUTES =2 mA 10
AC Iinearity§
fcLk =25 MSPS, foyT = 1 MHz, Tp = 25°C —74
fi =50 MSPS, f =1 MHz, Tp =-40°C to 85°C -73 —66
THD Total harmonic distortion CLK OUT A dBc
fcLk =50 MSPS, foyT =2 MHz, Tp = 25°C =71
fcLk = 100 MSPS, foyT = 2 MHz, Tp = 25°C -71
fcLk = 25 MSPS, foyT = 1 MHz, Tp = 25°C 82
fcLk = 50 MSPS, foyT= 1 MHz, Tp = —40°C to 85°C 68
fcLk =50 MSPS, foyT =1 MHz, Tp = 25°C 82 dB
c
fcLk = 50 MSPS, foyT = 2.51 MHz, Tp = 25°C 75
Spurious free dynamic range to N
Nyquist fcLk =50 MSPS, foyTt = 5.02 MHz, Tp = 25°C 74
SFDR fcLk =50 MSPS, foyT = 20.2 MHz, Tp = 25°C 57
fcLk = 100 MSPS, foyT = 5.04 MHz, Tp = 25°C 70 dBc
fcLk = 100 MSPS, foyT = 20.2 MHz, Tp = 25°C 66 dBc
fcLk = 100 MSPS, foyT = 40.4 MHz, Tp = 25°C 63 dBc
fee d fcLk =50 MSPS, foyT = 1 MHz, Ta= 25°C,1 MHz span 90
Spurious free dynamic range
fi =50 MSPS, f =5.02 MHz, 2 MHz span 89 dBc
within a window CLK ouT P
fcLk = 100 MSPS, foyT1= 5.04 MHz, 4 MHz span 89

t Measured single ended into 50 Q load at IOUT1.

% Single-ended output IOUT1, 50 Q doubly terminated load.

§ Measured with a 50%/50% duty cycle (high/low percentage of the clock). Optimum ac linearity is obtained when limiting the duty cycle to a range
from 45%/55% to 55%/45%.
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THS5671A
14-BIT, 125 MSPS, CommsDAC[]
DIGITAL-TO-ANALOG CONVERTER

SLAS201A - DECEMBER 1999 — REVISED SEPTEMBER 2002

electrical characteristics over recommended operating free-air temperature range, AVpp =5V,
DVpp =5V, IOUTEg = 20 mA (unless otherwise noted)

digital specifications

PARAMETER | TEST CONDITIONS | MIN  TYP MAX| UNIT
Interface
) ) DVpp=5V 35 5
VIH High-level input voltage \%
DVpp=3.3V 2.1 3.3
) DVpp=5V 0 1.3
VL Low-level input voltage \%
DVpp=3.3V 0 0.9
) ) MODE and SLEEP DVpp=3Vto55V -15 15
IIH High-level input current — - HA
All other digital pins DVpp=3Vto55V -10 10
) MODE and SLEEP DVpp=3Vto55V -15 15
L Low-level input current — - LA
All other digital pins DVpp=3Vto55V -10 10
Ci Input capacitance 1 5 pF
Timing
tsu(D) Input setup time 1 ns
th(D) Input hold time 1 ns
tw(LPH) Input latch pulse high time 4 ns
td(D) Digital delay time 1 clk

Specifications subject to change
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TYPICAL CHARACTERISTICST
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Figure 3

Fout — Output Frequency — MHz

Figure 4

T AVpp =5V, IOUTES = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, T = 25°C (unless otherwise

noted.)
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TYPICAL CHARACTERISTICST
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TAVpp =5V, IOUTEg = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, Ta = 25°C (unless otherwise
noted.)
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TYPICAL CHARACTERISTICST
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Figure 12

T AVpp =5V, IOUTES = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, T = 25°C (unless otherwise

noted.)
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TYPICAL CHARACTERISTICST
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T AVpp =5V, IOUTEg = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, Ta = 25°C (unless otherwise

noted.)
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TYPICAL CHARACTERISTICST
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Figure 19

t AVDD =5V, IOUTEg = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, Tp = 25°C (unless otherwise

noted.)
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TYPICAL CHARACTERISTICST
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Figure 21
SINGLE-TONE OUTPUT SPECTRUM
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Figure 22

TAVpp =5V, IOUTES = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, Ta = 25°C (unless otherwise
noted.)
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TYPICAL CHARACTERISTICST
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Figure 24
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Figure 25
TAVpp =5V, IOUTES = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, Ta = 25°C (unless otherwise noted.)
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TYPICAL CHARACTERISTICST
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Figure 28

t AVDD =5V, IOUTEg = 20 mA, differential transformer coupled output, 50 Q doubly terminated load, Ta = 25°C (unless otherwise noted.)
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APPLICATION INFORMATION

The THS5671A architecture is based on current steering, combining high update rates with low power
consumption. The CMOS device consists of a segmented array of PMOS transistor current sources, which are
capable of delivering a full-scale current up to 20 mA. High-speed differential current switches direct the current
of each current source to either one of the output nodes, IOUT1 or IOUT2. The complementary output currents
thus enable differential operation, canceling out common mode noise sources (on-chip and PCB noise), dc
offsets, even order distortion components, and increases signal output power by a factor of two. Major
advantages of the segmented architecture are minimum glitch energy, excellent DNL, and very good dynamic
performance. The DAC'’s high output impedance of >300 kQ and fast switching result in excellent dynamic
linearity (spurious free dynamic range SFDR).

The full-scale output current is set using an external resistor Rgjas in combination with an on-chip bandgap
voltage reference source (1.2 V) and control amplifier. The current Ig|as through resistor Rgjag is mirrored
internally to provide a full-scale output current equal to 32 times Ig|as. The full-scale current can be adjusted
from 20 mA down to 2 mA.

data interface and timing

The THS5671A comprises separate analog and digital supplies, i.e. AVpp and DVpp. The digital supply voltage
can be setfrom 5.5V down to 3V, thus enabling flexible interfacing with external logic. The THS5671A provides
two operating modes, as shown in Table 1. Mode 0 (mode pin connected to DGND) supports a straight binary
input data word format, whereas mode 1 (mode pin connected to DVpp) sets a twos complement input
configuration.

Figure 29 shows the timing diagram. Internal edge-triggered flip-flops latch the input word on the rising edge
of the input clock. The THS5671A provides for minimum setup and hold times (> 1 ns), allowing for noncritical
external interface timing. Conversion latency is one clock cycle for both modes. The clock duty cycle can be
chosen arbitrarily under the timing constraints listed in the digital specifications table. However, a 50% duty cycle
will give optimum dynamic performance. Figure 30 shows a schematic of the equivalent digital inputs of the
THS5671A, valid for pins D13-D0, SLEEP, and CLK. The digital inputs are CMOS-compatible with logic
thresholds of DVpp/2 £20%. Since the THS5671A is capable of being updated up to 125 MSPS, the quality of
the clock and data input signals are important in achieving the optimum performance. The drivers of the digital
data interface circuitry should be specified to meet the minimum setup and hold times of the THS5671A, as well
as its required min/max input logic level thresholds. Typically, the selection of the slowest logic family that
satisfies the above conditions will result in the lowest data feed-through and noise. Additionally, operating the
THS5671A with reduced logic swings and a corresponding digital supply (DVpp) will reduce data feed-through.
Note that the update rate is limited to 70 MSPS for a digital supply voltage DVpp of 3V t0 3.6 V.
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APPLICATION INFORMATION

data interface and timing (continued)
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Figure 29. Timing Diagram

Table 1. Input Interface Modes

MODE 0 MODE 1
FUNCTION/MODE MODE PIN CONNECTED TO | MODE PIN CONNECTED TO
DGND DVpp
Input code format Binary Twos complement
DVpp
External Internal
Digital i
'gital in Digital in

Figure 30. Digital Equivalent Input
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APPLICATION INFORMATION

DAC transfer function

The THS5671A delivers complementary output currents IOUT1 and IOUT2. Output current IOUT1 equals the
approximate full-scale output current when all input bits are set high in mode 0 (straight binary input), i.e. the
binary input word has the decimal representation 16383. For mode 1, the MSB is inverted (twos complement
input format). Full-scale output current will flow through terminal IOUT2 when all input bits are set low (mode
0, straight binary input). The relation between IOUT1 and IOUT2 can thus be expressed as:

IOUT1 = IOUT g — IOUT2

where IOUTEg is the full-scale output current. The output currents can be expressed as:

_ CODE
IOUT1 = 10UTgg X Foaon

~ (16383 — CODE)
IOUT2 = I0UT¢ X T

where CODE is the decimal representation of the DAC data input word. Output currents IOUT1 and IOUT2 drive
resistor loads R pap Or a transformer with equivalent input load resistance R oap- This would translate into
single-ended voltages VOUT1 and VOUT?2 at terminal IOUT1 and IOUT2, respectively, of:

_ _ CODE
VOUTL = IOUTL X Ry gap = etaer X 10UTeg X Rigap

_ _ (16383-CODE)
VOUT2 = I0UT2 X Ry oap = “——szas— X I0UTgg X R onp

The differential output voltage VOUTp g can thus be expressed as:

~ _ (2CODE-16383)
VOUT g = VOUT1-VOUT2 = 6382 X 10UTes X Rioap

The latter equation shows that applying the differential output will result in doubling of the signal power delivered
to the load. Since the output currents of IOUT1 and IOUT2 are complementary, they become additive when
processed differentially. Care should be taken not to exceed the compliance voltages at node IOUT1 and
IOUT2, which would lead to increased signal distortion.

{'} TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 17



THS5671A
14-BIT, 125 MSPS, CommsDAC[]
DIGITAL-TO-ANALOG CONVERTER

SLAS201A - DECEMBER 1999 — REVISED SEPTEMBER 2002

APPLICATION INFORMATION

reference operation

The THS5671A comprises a bandgap reference and control amplifier for biasing the full-scale output current.
The full-scale output currentis set by applying an external resistor Rg|as. The bias current Igjag through resistor
Rpas is defined by the on-chip bandgap reference voltage and control amplifier. The full-scale output current
equals 32 times this bias current. The full-scale output current IOUTgg can thus be expressed as:

32 X Vexrio

I0UTgg = 32 X Igjpg = —

BIAS

where Ve is the voltage at terminal EXTIO. The bandgap reference voltage delivers an accurate voltage
of 1.2 V. This reference is active when terminal EXTLO is connected to AGND. An external decoupling capacitor
CgxT of 0.1 pF should be connected externally to terminal EXTIO for compensation. The bandgap reference
can additionally be used for external reference operation. In that case, an external buffer with high impedance
input should be applied in order to limit the bandgap load current to a maximum of 100 nA. The internal reference
can be disabled and overridden by an external reference by connecting EXTLO to AVpp. Capacitor Cgxt may
hence be omitted. Terminal EXTIO thus serves as either input or output node.

The full-scale output current can be adjusted from 20 mA down to 2 mA by varying resistor Rgjag or changing
the externally applied reference voltage. The internal control amplifier has a wide input range, supporting the
full-scale output current range of 20 dB. The bandwidth of the internal control amplifier is defined by the internal
1 nF compensation capacitor at pin COMP1 and the external compensation capacitor C1. The relatively weak
internal control amplifier may be overridden by an externally applied amplifier with sufficient drive for the internal
1 nF load, as shown in Figure 31. This provides the user with more flexibility and higher bandwidths, which are
specifically attractive for gain control and multiplying DAC applications. Pin SLEEP should be connected to
AGND or left disconnected when an external control amplifier is used.

EXT Reference
Voltage 4

External
Control AMP

SLEEP COMP1
1nF Current Source Array
SN S S
l 1 1 1
‘ﬂ— < < < <
‘ ..............................
| I U O O
Internal ; ;
Control AMP ‘ ‘ *

IOUT1 or IOUT2

Figure 31. Bypassing the Internal Reference and Control Amplifier
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APPLICATION INFORMATION

analog current outputs

Figure 32 shows a simplified schematic of the current source array output with corresponding switches.
Differential PMOS switches direct the current of each individual PMOS current source to either the positive
output node IOUT1 or its complementary negative output node IOUT2. The output impedance is determined
by the stack of the current sources and differential switches, and is typically >300 kQ in parallel with an output
capacitance of 5 pF.

Outputnodes IOUT1 and IOUT2 have a negative compliance voltage of -1V, determined by the CMOS process.
Beyond this value, transistor breakdown may occur, resulting in reduced reliability of the THS5671A device. The
positive output compliance depends on the full-scale output current IOUTEg and positive supply voltage AVpp.
The positive output compliance equals 1.25 V for AVpp = 5 V and IOUTgg = 20 mA. Exceeding the positive
compliance voltage adversely affects distortion performance and integral nonlinearity. The optimum distortion
performance for a single-ended or differential output is a