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ADC16DV160 Dual Channel, 16-Bit, 160 MSPS Analog-to-Digital Converter with DDR LVDS
Outputs

Check for Samples: ADC16DV160

FEATURES

e« Low Power Consumption

e On-Chip Precision Reference and Sample-and-
Hold Circuit

* On-Chip Automatic Calibration During Power-
Up

e Dual Data Rate LVDS Output Port

e Dual Supplies: 1.8V and 3.0V Operation

e Selectable Input Range: 2.4 and 2.0 Vpp

e Sampling Edge Flipping with Clock Divider by
2 Option

e Internal Clock Divide by 1 or 2

e On-Chip Low Jitter Duty-Cycle Stabilizer

e Power-Down and Sleep Modes

e Output Fixed Pattern Generation

e Output Clock Position Adjustment

e 3-Wire SPI

e Offset Binary or 2's Complement Data Format

e 68-Pin VQFN Package (10x10x0.8, 0.5mm Pin-
Pitch)

KEY SPECIFICATIONS
* Resolution: 16 Bits
* Conversion Rate: 160 MSPS
* SNR (@FIN = 30 MHz): 78 dBFS (typ)
* SNR (@FIN =197 MHz): 76 dBFS (typ)
* SFDR (@FIN = 30 MHz): 95 dBFS (typ)
* SFDR (@FIN = 197 MHz): 89 dBFS (typ)
* Full Power Bandwidth: 1.4 GHz (typ)
* Power Consumption:
— Core per channel: 612 mW (typ)
— LVDS Driver: 117 mW (typ)
— Total: 1.3W (typ)
* Operating Temperature Range (-40°C ~ 85°C)

APPLICATIONS

e Multi-carrier, Multi-standard Base Station
Receivers

— MC-GSM/EDGE, CDMA2000, UMTS, LTE
and WiMAX

e High IF Sampling Receivers

» Diversity Channel Receivers

e Test and Measurement Equipment
¢ Communications Instrumentation
e Portable Instrumentation

DESCRIPTION

The ADC16DV160 is a monolithic dual channel high
performance CMOS analog-to-digital converter
capable of converting analog input signals into 16-bit
digital words at rates up to 160 Mega Samples Per
Second (MSPS). This converter uses a differential,
pipelined architecture with digital error correction and
an on-chip sample-and-hold circuit to minimize power
consumption and external component count while
providing excellent dynamic performance. Automatic
power-up calibration enables excellent dynamic
performance and reduces part-to-part variation, and
the ADC16DV160 can be re-calibrated at any time
through the 3-wire Serial Peripheral Interface (SPI).
An integrated low noise and stable voltage reference
and differential reference buffer amplifier eases board
level design. The on-chip duty cycle stabilizer with
low additive jitter allows a wide range of input clock
duty cycles without compromising dynamic
performance. A unique sample-and-hold stage yields
a full-power bandwidth of 1.4 GHz. The interface
between the ADC16DV160 and a receiver block can
be easily verified and optimized via fixed pattern
generation and output clock position features. The
digital data is provided via dual data rate LVDS
outputs — making possible the 68-pin, 10 mm x 10
mm VQFN package. The ADC16DV160 operates on
dual power supplies of +1.8V and +3.0V with a
power-down feature to reduce power consumption to
very low levels while allowing fast recovery to full
operation.

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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Figure 2. Pin-Out of ADC16DV160
See Package Number NKEOOG8A
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PIN DESCRIPTIONS
Pin(s) ‘ Name Type Function and Connection
ANALOG I/O

66 VN+1 Differential analog input pins. The differential full-scale input signal level is
20 ViN+Q 2.4 Vpp by default, but can be set to 2.4/2.0 Vpp via SPI. Each input pin
67 Vin signal is centered on a common mode voltage, V.

19 Vineo Input

Input

Upper reference voltage.

This pin should not be used to source or sink current. The decoupling
Output capacitor to AGND (low ESL 0.1 pF) should be placed very close to the
pin to minimize stray inductance. Vgp needs to be connected to Vgy
through a low ESL 0.1 pF and a low ESR 10 pF capacitors in parallel.

7,8 Vre
10, 11 Vepo

Lower reference voltage.

This pin should not be used to source or sink current. The decoupling
Output capacitor to AGND (low ESL 0.1 pF) should be placed very close to the
pin to minimize stray inductance. Vgy needs to be connected to Vgrp
through a low ESL 0.1 pF and a low ESR 10 pF capacitors in parallel.

5,6 VRN
12,13 Vano

Common mode voltage

These pins should be bypassed to AGND with a low ESL (equivalent
series inductance) 0.1 pF capacitor placed as close to the pin as possible
to minimize stray inductance, and a 10 pF capacitor should be placed in
parallel. It is recommended to use Vg to provide the common mode
voltage for the differential analog inputs.

2 VRmI

16 Vawo Output

Internal reference voltage output / External reference voltage input. By
default, this pin is the output for the internal 1.2V voltage reference. This
pin should not be used to sink or source current and should be decoupled
to AGND with a 0.1 pF, low ESL capacitor. The decoupling capacitors
should be placed as close to the pins as possible to minimize inductance
and optimize ADC performance. The decoupling capacitor should not be
larger than 0.1 pF, otherwise dynamic performance after power-up
calibration can decrease due to the extended Vggr settling time.

This pin can also be used as the input for a low noise external reference
voltage. The output impedance for the internal reference at this pin is
10kQ and this can be overdriven provided the impedance of the external
source is < 10kQ. Careful decoupling is just as essential when an
external reference is used. The 0.1 pF low ESL decoupling capacitor
should be placed as close to this pin as possible.

The default Input differential voltage swing is equal to 2 * Vrgg, although
this can be changed through the SPI.

9 VREr Output/Input

26 CLK+ Input Differential clock input pins. DC biasing is provided internally. For single-
ended clock mode, drive CLK+ through AC coupling while decoupling
25 CLK- Input CLK- pin to AGND.

DIGITAL I/O

Serial Clock. Serial data is shifted into and out of the device synchronous

23 SCLK Input with this clock signal.

Serial Data In/Out. Serial data is shifted into the device on this pin while
the CSB signal is asserted and data input mode is selected. Serial data is
shifted out of the device on this pin while CSB is asserted and data
output mode is selected.

24 SDIO Input/Output

Serial Chip Select. When this signal is asserted SCLK is used to clock
27 CSB Input input or output serial data on the SDIO pin. When this signal is de-
asserted, the SDIO pin is a high impedence and the input data is ignored.

LVDS Data Output. The 16-bit digital output of the data converter is
provided on these ports in a dual data rate manner. A 100Q termination
Output resistor must be placed between each pair of differential signals at the far
end of the transmission line. The odd bit data is output first and should be
captured first when de-interleaving the data.

D1/0+/-Q to
28 - 43 D15/14+/-Q
61 - 46 D1/0+/-1 to
D15/14+/-1

Output Clock. This pin is used to clock the output data. It has the same
frequency as the sampling clock. One word of data is output in each cycle
of this signal. A 100Q termination resistor must be placed between the
44, 45 OUTCLK+/- Output differential clock signals at the far end of the transmission line. The falling
edge of this signal should be used to capture the odd bit data (D15, D13,
D11...D1). The rising edge of this signal should be used to capture the
even bit data (D14, D12, D10...D0).
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PIN DESCRIPTIONS (continued)

Pin(s) ‘ Name Type Function and Connection
POWER SUPPLIES
3.0V Analog Power Supply. These pins should be connected to a quiet
4,14, 22,64 Vaz.o Analog Power source and should be decoupled to AGND with 0.1 uF capacitors located
close to the power pins.
1.8V Analog Power Supply. These pins should be connected to a quiet
1,17 Va1s Analog Power source and should be decoupled to AGND with 0.1 uF capacitors located
close to the power pins.
0.3 15. 18. 21 Analog Ground Return.
' ’65’68’ ' AGND Analog Ground Pin 0 is the exposed pad on the bottom of the package. The exposed pad
’ must be connected to the ground plane to ensure rated performance.
Output Driver Power Supply. This pin should be connected to a quiet
62 Vpr Analog Power voltage source and be decoupled to DRGND with a 0.1 puF capacitor
close to the power pins.
63 DRGND Ground Output Driver Ground Return.

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Absolute Maximum Ratings @@®®®

Supply Voltage (Vaz.0)

-0.3V to 4.2V

Supply Voltage (Vai.s, Vor)

-0.3V to 2.35V

Voltage at any Pin except OUTCLK, CLK, V,y, CSB, SCLK, SDIO, D15/14-D1/0

-0.3V to (VA3.O +03V)
(Not to exceed 4.2V)

Voltage at CLK, V| Pins

-0.3V to (Var.g +0.3V)
(Not to exceed 2.35V)

Voltage at D15/14-D1/0, OUTCLK, CSB, SCLK, SDIO Pins

0.3V to (Vpg + 0.3V)
(Not to exceed 2.35V)

Input Current at any Pin 5 mA
Storage Temperature Range -65°C to +150°C
Maximum Junction Temp (T;) +150°C
Thermal Resistance (835) 19.1°C/W
Thermal Resistance (8;c) 1.0°C/W
ESD Rating | Machine Model 200V

Human Body Model® 2000V

Charged Device Model 1250V

Soldering process must comply with Reflow Temperature Profile specifications. Refer to www.ti.com/packaging. See ()

For soldering specifications: see product folder at www.ti.com and SNOSA549C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is guaranteed to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test
conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance
characteristics may degrade when the device is not operated under the listed test conditions. Operation of the device beyond the

maximum Operating Ratings is not recommended.

(2) All voltages are measured with respect to GND = AGND = DRGND = 0V, unless otherwise specified.
(3) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

(4) When the input voltage at any pin exceeds the power supplies (that is, Viy < AGND, or V|5 > V,), the current at that pin should be
limited to £5 mA. The +50 mA maximum package input current rating limits the number of pins that can safely exceed the power

supplies with an input current of +5mA to 10.

(5) The inputs are protected as shown below. Input voltage magnitudes above V3o or below GND will not damage this device, provided
current is limited per Note 4. However, errors in the A/D conversion can occur if the input goes above 2.6V or below GND as described

in the Operating Ratings section.

Va3.0

To Internal

110 Circuitry

AGND

(6) Human Body Model is 100 pF discharged through a 1.5 kQ resistor. Machine Model is 220 pF discharged through 0 Q.

(7) Reflow temperature profiles are different for lead-free and non-lead-free packages.

Operating Ratings

Specified Temperature Range:

-40°C to +85°C

3.0V Analog Supply Voltage Range: (Vaz.0)

+2.7V to +3.6V

1.8V Supply Voltage Range: Va1, Vpr

+1.7V to +1.9V

Clock Duty Cycle

30/70 %
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Electrical Characteristics
Unless otherwise specified, the following specifications apply: Vas o = 3.0V, Va5 = 1.8V, Vpr = 1.8V, Differential sinusoidal

clock, foix = 160 MSPS at 2.8 Vpp, Ay = -1dBFS, LVDS Rterm = 100Q, C, =5 pF. Typical values are for T, = 25°C.

Boldface limits apply for T4 = Tyn t0 Tuax- All other limits apply for T, = +25°C, unless otherwise noted.

range is selected

Symbol Parameter Conditions Typical® | Limits ‘ Units
STATIC CONVERTER CHARACTERISTICS
Resolution with No Missing Codes 16 Bits
INL Integral Non Linearity +2.5 LSB
DNL Differential Non Linearity +0.7,-0.2 LSB
PGE Positive Gain Error -1.0 %FS
NGE Negative Gain Error -1.0 %FS
Voer Offset Error (V\n+ = ViN—) 0.1 %FS
Under Range Output Code 0.5dB below negative full scale 0 0
Over Range Output Code 0.5dB above positive full scale 65535 65535
REFERENCE AND ANALOG INPUT CHARACTERISTICS
Vewm Common Mode Input Voltage Ye?gniesnt::ev%cl)g g1eon mode Vrm+0.05 \%
Ve \F;glf;rggce Ladder Midpoint Output 115 vV
VRer Internal Reference Voltage 1.20 \%
Differential Analog Input Range Internal Reference, default input 24 Vep

(1) Typical figures are at Ty = 25°C and represent most likely parametric norms at the time of product characterization. The typical
specifications are not guaranteed.

Dynamic Converter Electrical Characteristics

Unless otherwise specified, the following specifications apply: Vs = 3.0V, Va5 = 1.8V, Vpr = 1.8V, Differential sinusoidal
clock, fo x = 160 MSPS at 2.8 Vpp, Ay = -1dBFS, LVDS Rrgry = 100Q, C, = 5 pF. Typical values are for T, = 25°C. Boldface
limits apply for T4 = Ty t0 Tuax- All other limits apply for T, = +25°C, unless otherwise noted.

Symbol Parameter Conditions Typ Limits Units
Fin = 30 MHz at -1dBFS 78 dBFS
SNR Signal-to-Noise Ratio Fin =197 MHz at -1dBFS 76 74.3 dBFS
Fin = 197 MHz at -7dBFS 77.3 dBFS
Fin = 30 MHz at -1dBFS 95 dBFS
SFDR Single-tone Spurious Free Dynamic Range(l) Fin =197 MHz at -1dBFS 89 81 dBFS
Fin = 197 MHz at -7dBFS 99 dBFS
o . Fin = 197 MHz at -1dBFS -85 -80 dBFS
THD Total Harmonic Distortion -
Fin = 197 MHz at -7dBFS -96 dBFS
. (1 Fin = 197 MHz at -1dBFS -90 dBFS
H2 Second-order Harmonic® -
Fin = 197 MHz at -7dBFS -99 dBFS
. (1 Fin = 197 MHz at -1dBFS -93 dBFS
H3 Third-order Harmonic® ,
Fin = 197 MHz at -7dBFS -105 dBFS
SPUR Worst Harmonic or Spurious Tone excluding H2 | Fin = 197 MHz at ~1dBFS 98 90 dBFS
and H3 Fin = 197 MHz at -7dBFS 102 dBFS
Full Power Bandwidth -3dB Point 1.4 GHz
0 MHz tested channel, fj\=32.5 MHz at -
1dBFS other channel 110 dBFS
Crosstalk 0 MHz tested ch l, finN=192 MHz at
z tested channel, fi\= z at -
1dBFS other channel 103 dBFS

(1) This parameter is specified in units of dBFS — dB relative to the ADC's input full-scale voltage.
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Logic and Power Supply Electrical Characteristics®

Unless otherwise specified, the following specifications apply: Vas o = 3.0V, Va5 = 1.8V, Vpr = 1.8V, Differential sinusoidal
clock, fo x = 160 MSPS at 2.8 Vpp, Ay = -1dBFS, LVDS Ry = 100Q, C, = 5 pF. Typical values are for T, = 25°C. Boldface
limits apply for To = Ty to Tuax- All other limits apply for T, = +25°C, unless otherwise noted.

Symbol Parameter Conditions Typical | Limits (I_U”r:]'lttss)
POWER SUPPLY CHARACTERISTICS
Iaz.0 Analog 3.0V Supply Current Full Operation®@ 345 374 mA
IaLs Analog 1.8V Supply Current Full Operation®@ 105 116 mA
Ibr Output Driver Supply Current Full Operation®@ 65 76 mA
Core Power Consumption Vaz.0 *+ Va1.g power per channel 612 mw
Driver Power Consumption Vpr power; Fin = 5MHz Rterm = 100Q 117 mw
Total Power Consumption Full Operation @ 134 | 147 w
o Power down state, no external clock 4.4 mw
Power Consumption in Power Down State
Sleep state, no external clock 60 mw
DIGITAL INPUT CHARACTERISTICS (SCLK, SDIO, CSB)
Vi Logical “1” Input Voltage Vpr = 1.9V 1.2 V (min)
Vi Logical “0” Input Voltage Vpr = 1.7V 0.4 V (max)
liny Logical “1” Input Current 10 HA
lino Logical “0” Input Current -10 HA
Cin Digital Input Capacitance 5 pF
DIGITAL OUTPUT CHARACTERISTICS (SDIO)
Vou Logical “1” Output Voltage loutr = 0.5 MA, Vpr = 1.8V 1.2 V (min)
VoL Logical “0” Output Voltage loutr = 1.6 mA, Vpr = 1.8V 0.4 V (max)
+lsc Output Short Circuit Source Current Vout = OV -10 A
=lsc Output Short Circuit Source Current Vout = Vpr 10

(1) The input capacitance is the sum of the package/pin capacitance and the sample and hold circuit capacitance.

(2) This parameter is guaranteed only at 25°C. For power dissipation over temperature range, refer to Power vs. Temperature plot in
Typical Performance Characteristics, Dynamic Performance.

LVDS Electrical Characteristics

Unless otherwise specified, the following specifications apply: Vas o = 3.0V, Va5 = 1.8V, Vpg = 1.8V, Differential sinusoidal
clock, fo x = 160 MSPS at 2.8 Vpp, Ay = -1dBFS, LVDS Rgry = 100Q, C, = 5 pF. Typical values are for T, = 25°C. Boldface
limits apply for To = Tyn 10 Tuax- All other limits apply for T, = +25°C, unless otherwise noted.

Symbol ‘ Parameter Conditions Min Typ Max Units
LVDS DC SPECIFICATIONS (Apply to pins DO to D15, OUTCLK)

Vob Output Differential Voltage 100Q Differential Load 175 260 325 mV
Vos Output Offset Voltage 100Q Differential Load 11 1.2 1.3 \Y
Copyright © 2009-2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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Timing Specifications

Unless otherwise specified, the following specifications apply: Vas o = 3.0V, Va5 = 1.8V, Vpr = 1.8V, Differential sinusoidal
clock, fo x = 160 MSPS at 2.8 Vpp, Ay = -1dBFS, LVDS Rgrv = 100 Q, C, = 5 pF. Typical values are for T, = 25°C.
Boldface limits apply for Tyn S Ta < Tyax- All other limits apply for T, = 25°C, unless otherwise noted.

Parameter Conditions Typ Limits Units
Input Clock Frequency (Fcik) 160 MHz
Input Clock Frequency (Fcik) 20 MHz (min)
Input Clock Amplitude Measured at each pin (CLK+, CLK-). 14 0.85 Vpp (Min)
Differential clock is 2.8 Vpp (typ) ' 1.7 Vpp (mMax)
Data Output Setup Time (Tsy)® Measured @ Vop/2; Feik = 160 MHz. 1.57 1 ns (min)
Data Output Hold Time (T)® Measured @ Vop/2; Feik = 160 MHz. 1.55 1 ns (min)
LVDS Rise/Fall Time (tg, tg) CL= 5pF to GND, RL= 100Q 270 ps
Pipeline Latency Clock
115 Cycles
Aperture Jitter 80 fs rms
Power-Up Time From assertion of Power to specified level of 0.5+ 103*(222+217)/Fcu< ms
performance.
Power-Down Recovery Time From de-assertion of power down mode to 34719, »17
output data available. 0.1+ 10°%(2™+2)/Fork ms
Sleep Recovery Time From de-assertion of sleep mode to output
. 100 uS
data available.

(1) This parameter is a function of the CLK frequency - increasing directly as the frequency is lowered.

Unless otherwise specified, the following specifications apply: Vaz o = 3.0V, Va5 = 1.8V, Vpr = 1.8V, Differential sinusoidal
clock, foix = 160 MSPS at 2.8 Vpp, Ay = -1dBFS, LVDS Rygry = 100Q, C, = 5 pF. Typical values are for T, = 25°C. Boldface
limits apply for Tyn € Ta € Tuax- All other limits apply for T, = 25°C, unless otherwise noted.

Symbol Parameter Conditions Typ Max Units
. MHz
fscLk Serial Clock Frequency fscik =1/1tp 20 (max)
] . . 40 % (min)
- 0,
tpH SCLK Pulse Width - High % of SCLK Period 60 % (max)
- . 40 % (min)
- 0,
tpL SCLK Pulse Width - Low % of SCLK Period 60 % (max)
tssu SDIO Input Data Setup Time 5 ns (min)
tsH SDIO Input Data Hold Time 5 ns (min)
tobz SDIO Output Data Driven-to-Tri-State Time 5 ns (max)
tozp SDIO Output Data Tri-State-to-Driven Time 5 ns (max)
top SDIO Output Data Delay Time 15 ns (max)
tcss CSB Setup Time 5 ns (min)
tcsH CSB Hold Time 5 ns (min)
Minimum time CSB must be .
tiaG Inter-access Gap deasserted between accesses 30 ns (min)
8 Submit Documentation Feedback Copyright © 2009-2013, Texas Instruments Incorporated
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Timing Diagrams
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Specification Definitions

APERTURE DELAY is the time after the falling edge of the clock to when the input signal is acquired or held for
conversion.

APERTURE JITTER (APERTURE UNCERTAINTY) is the variation in aperture delay from sample to sample.
Aperture jitter manifests itself as noise in the output.

CLOCK DUTY CYCLE is the ratio of the time during one cycle that a repetitive digital waveform is high to the
total time of one period. The specification here refers to the ADC clock input signal.

COMMON MODE VOLTAGE (V¢y) is the common DC voltage applied to both input terminals of the ADC.

CONVERSION LATENCY is the number of clock cycles between initiation of conversion and the time when data
is presented to the output driver stage. Data for any given sample is available at the output pins the Pipeline
Delay plus the Output Delay after the sample is taken. New data is available at every clock cycle, but the data
lags the conversion by the pipeline delay.

CROSSTALK is the coupling of energy from one channel into the other channel.

DIFFERENTIAL NON-LINEARITY (DNL) is the measure of the maximum deviation from the ideal step size of 1
LSB.

FULL POWER BANDWIDTH is a measure of the frequency at which the reconstructed output fundamental
drops 3 dB below its low frequency value for a full scale input.

GAIN ERROR is the deviation from the ideal slope of the transfer function. It can be calculated as:
Gain Error = Positive Full Scale Error — Negative Full Scale Error 1)

It can also be expressed as Positive Gain Error and Negative Gain Error, which are calculated as:
PGE = Positive Full Scale Error - Offset Error NGE = Offset Error - Negative Full Scale Error 2

INTEGRAL NON LINEARITY (INL) is a measure of the deviation of each individual code from a best fit straight
line. The deviation of any given code from this straight line is measured from the center of that code value.

INTERMODULATION DISTORTION (IMD) is the creation of additional spectral components as a result of two
sinusoidal frequencies being applied to the ADC input at the same time. It is defined as the ratio of the power in
the intermodulation products to the total power in the original frequencies. IMD is usually expressed in dBFS.

LSB (LEAST SIGNIFICANT BIT) is the bit that has the smallest value or weight of all bits. This value is Vgg/2",
where “Vgg” is the full scale input voltage and “n” is the ADC resolution in bits.

MISSING CODES are those output codes that will never appear at the ADC outputs. The ADC16DV160 is
guaranteed not to have any missing codes.

MSB (MOST SIGNIFICANT BIT) is the bit that has the largest value or weight. Its value is one half of full scale.

NEGATIVE FULL SCALE ERROR is the difference between the actual first code transition and its ideal value of
% LSB above negative full scale.

OFFSET ERROR is the difference between the two input voltages (V\y+ — Vn.) required to cause a transition from
code 32767LSB and 32768LSB with offset binary data format.

PIPELINE DELAY (LATENCY) See CONVERSION LATENCY.

POSITIVE FULL SCALE ERROR is the difference between the actual last code transition and its ideal value of
1%, LSB below positive full scale.

POWER SUPPLY REJECTION RATIO is a measure of how well the ADC rejects a change in the power supply
voltage. PSRR is the ratio of the Full-Scale output of the ADC with the supply at the minimum DC supply limit to
the Full-Scale output of the ADC with the supply at the maximum DC supply limit, expressed in dB.

SIGNAL TO NOISE RATIO (SNR) is the ratio, expressed in dB, of the power of input signal to the total power of
all other spectral components below one-half the sampling frequency, not including harmonics and DC.

SIGNAL TO NOISE AND DISTORTION (SINAD) Is the ratio, expressed in dB, of the power of the input signal to
the total power of all of the other spectral components below half the clock frequency, including harmonics but
excluding DC.
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SPUR (SPUR) is the difference, expressed in dB, between the power of input signal and the peak spurious
signal power, where a spurious signal is any signal present in the output spectrum that is not present at the input
excluding the second and third harmonic distortion.

SPURIOUS FREE DYNAMIC RANGE (SFDR) is the difference, expressed in dB, between the power of input
signal and the peak spurious signal power, where a spurious signal is any signal present in the output spectrum
that is not present at the input.

TOTAL HARMONIC DISTORTION (THD) is the ratio, expressed in dB, of the total power of the first eight
harmonics to the input signal power. THD is calculated as:

2,¢2 2
fof+f37+ ... +fg

fi ®
where f,? is the power of the fundamental frequency and f,? through fy?> are the powers of the first eight
harmonics in the output spectrum.

SECOND HARMONIC DISTORTION (2N° HARM or H2) is the difference expressed in dB, from the power of its
2" harmonic level to the power of the input signal.

THIRD HARMONIC DISTORTION (3RP HARM or H3) is the difference expressed in dB, from the power of the
34 harmonic level to the power of the input signal.

THD = 20log,,
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Typical Performance Characteristics, DNL, INL

Unless otherwise noted, these specifications apply: Vas o= +3.0V, Va1 g, Vpr = 1.8V, fe x = 160 MSPS. Differential Clock
Mode, Offset Binary Format. LVDS Rterm = 100 Q. C, = 5 pF. Typical values are at T, = +25°C. Fin = 32.4MHz with —1dBFS.

DNL INL
1.0 4
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= —
% Z 0
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Figure 6. Figure 7.
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Figure 8. Figure 9.
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Unless otherwise noted, these specifications apply: Vas o= +3.0V, Va1 g, Vpr = 1.8V, fe x = 160 MSPS. Differential Clock

Typical Performance Characteristics, Dynamic Performance

Mode, Offset Binary Format. LVDS Rterm = 100 Q. C, = 5 pF. Typical values are at T, = +25°C. Fin = 197MHz with —1dBFS.

SNR,SINAD,SFDR (dBFS) SNR, SINAD, SFDR (dBFS)

SNR,SINAD,SFDR (dBFS)

SNR, SINAD, SFDR vs. fiy
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Typical Performance Characteristics, Dynamic Performance (continued)

Unless otherwise noted, these specifications apply: Vaz o= +3.0V, Va1 g, Vpr = 1.8V, fco x = 160 MSPS. Differential Clock
Mode, Offset Binary Format. LVDS Rterm = 100 Q. C, = 5 pF. Typical values are at T, = +25°C. Fin = 197MHz with —1dBFS.
SNR, SFDR vs. Input Amplitude (dBFS)

SNR, SFDR vs. Input Amplitude (dBc)
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Figure 16. Figure 17.
Spectral Response @ 10.1 MHz Spectral Response @ 32.5 MHz
0 0
SNR=78.1dBFS SNR=77.9dBFS
SFDR(H2)=96.5dBFS SFDR(H3)=98.3dBFS
-20 -20
-40 -40
» »
S -60 S -60
° -
-80 -80
-100 -100
-120 -120
0 20 40 60 80 0 20 40 60 80
FREQUENCY (MHz) FREQUENCY (MHz)
Figure 18. Figure 19.
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Figure 20. Figure 21.
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Typical Performance Characteristics, Dynamic Performance (continued)

Unless otherwise noted, these specifications apply: Vaz o= +3.0V, Va1 g, Vpr = 1.8V, fco x = 160 MSPS. Differential Clock
Mode, Offset Binary Format. LVDS Rterm = 100 Q. C, = 5 pF. Typical values are at T, = +25°C. Fin = 197MHz with —1dBFS.

Spectral Response @ 197 MHz Spectral Response @ 220 MHz
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Figure 22. Figure 23.
Spectral Response @ 197 MHz, -7dBFS Two Tone Spectral Response @ 197 MHz, 203 MHz
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Figure 24. Figure 25.
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FUNCTIONAL DESCRIPTION

Operating on dual +1.8V and +3.0V supplies, the ADC16DV160 digitizes a differential analog input signal to 16
bits, using a differential pipelined architecture with error correction circuitry and an on-chip sample-and-hold
circuit to ensure maximum performance. The user has the choice of using an internal 1.2V stable reference, or
using an external 1.2V reference. The internal 1.2V reference has a high output impedance of > 9 kQ and can be
easily over-driven by an external reference. A 3-wire SPI-compatible serial interface facilitates programming and
control of the ADC16DV160.

ADC Architecture

The ADC16DV160 architecture consists of a dual channel highly linear and wide bandwidth sample-and-hold
circuit, followed by a switched capacitor pipeline ADC. Each stage of the pipeline ADC consists of low resolution
flash sub-ADC and an inter-stage multiplying digital-to-analog converter (MDAC), which is a switched capacitor
amplifier with a fixed stage signal gain and DC level shifting circuits. The amount of DC level shifting is
dependent on sub-ADC digital output code. A 16-bit final digital output is the result of the digital error correction
logic, which receives the digital output of each stage including redundant bits to correct offset error of each sub-
ADC.
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APPLICATION INFORMATION

OPERATING CONDITIONS
We recommend that the following conditions be observed for operation of the ADC16DV160:
2.7V < Vp30< 3.6V
1.7V <V 5<1.9V
1.7V S Vpr £ 1.9V
20 MSPS < F¢ « < 160 MSPS
Vger £ 1.2V
Vew = 1.15V (from V)

ANALOG INPUTS

The analog input circuit of the ADC16DV160 is a differential switched capacitor sample-and-hold circuit (see
Figure 27) that provides optimum dynamic performance wide input frequency range with minimum power
consumption. The clock signal alternates sample mode (Qs) and hold mode (Qy). An integrated low jitter duty
cycle stabilizer ensures constant optimal sample and hold time over a wide range of input clock duty cycle. The
duty cycle stabilizer is always turned on during normal operation.

During sample mode, analog signals (V|y:, Vin.) are sampled across two sampling capacitors (Cg) while the
amplifier in the sample-and-hold circuit is idle. The dynamic performance of the ADC16DV160 is likely
determined during sampling mode. The sampled analog inputs (Vin+, Vin.) are held during hold mode by
connecting input side of the sampling capacitors to output of the amplifier in the sample-and-hold circuit while
driving pipeline ADC core.

The signal source, which drives the ADC16DV160, is recommended to have a source impedance less than 100Q
over a wide frequency range for optimal dynamic performance.

A shunt capacitor can be placed across the inputs to provide high frequency dynamic charging current during
sample mode and also absorb any switching charge coming from the ADC16DV160. A shunt capacitor can be
placed across each input to GND for similar purpose. Smaller physical size and low ESR and ESL shunt
capacitors are recommended.

The value of shunt capacitance should be carefully chosen to optimize the dynamic performance at specific input
frequency range. Larger value shunt capacitors can be used for lower input frequencies, but the value has to be
reduced at high input frequencies.

Balancing impedance at positive and negative input pin over entire signal path must be ensured for optimal
dynamic performance.

QH

1

yL
V|N+I—-I j ”CS x 5

a?r-s Qs'||; >

T T v §
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T

QH

Figure 27. Simplified Switched-Capacitor Sample-and-hold Circuit
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Input Common Mode

The analog inputs of the ADC16DV160 are not internally dc biased and the range of input common mode is very
narrow. Hence it is highly recommended to use the common mode voltage (Vrw, typically 1.15V) as input
common mode for optimal dynamic performance regardless of DC and AC coupling applications. Input common
mode signal must be decoupled with low ESL 0.1 pF input bias resistors to minimize noise performance
degradation due to any coupling or switching noise between the ADC16DV160 and input driving circuit.

Driving Analog Inputs

For low frequency applications, either a flux or balun transformer can convert single-ended input signals into
differential and drive the ADC16DV160 without additive noise. An example is shown in Figure 28. The Vgy pin is
used to bias the input common mode by connecting the center tap of the transformer’s secondary ports. A flux
transformer is used for this example, but AC coupling capacitors enable the use of a balun type transformer.

= VIN+
5 c
= ADC16DV160
E <
p-
VIN- VRM
[ |

= 0.1 uF

vy
Pyl

\AAJ
py)

r

Figure 28. Transformer Drive Circuit for Low Input Frequency

Transformers act as band pass filters. The lower frequency limit is set by saturation at frequencies below a few
MHz and parasitic resistance and capacitance set the upper frequency limit. The transformer core will be
saturated with excessive signal power and it causes distortion as the equivalent load termination becomes
heavier at high input frequencies. This is a reason to reduce shunt capacitors for high IF sampling applications to
balance the amount of distortion caused by the transformer and charge kick-back noise from the device.

As input frequency goes higher with the input network in Figure 28, amplitude and phase unbalance increase
between positive and negative inputs (Vy: and V,y.) due to the inherent impedance mismatch between the two
primary ports of the transformer since one is connected to the signal source and the other is connected to GND.
Distortion increases as a result.

The cascaded transmission line (balun) transformers in Figure 29 can be used for high frequency applications
like high IF sampling base station receive channels. The transmission line transformer has less stray capacitance
between primary and secondary ports and so the impedance mismatch at the secondary ports is effectively less
even with the given inherent impedance mismatch on the primary ports. Cascading two transmission line
transformers further reduces the effective stray capacitance from the secondary ports of the secondary
transformer to primary ports of first transformer, where the impedance is mismatched. A transmission line
transformer, for instance MABACT0040 from M/A-COM, with a center tap on the secondary port can further
reduce amplitude and phase mismatch.
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Figure 29. Transformer Drive Circuit for High Input Frequency
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Equivalent Input Circuit and Its S11

The input circuit of the ADC16DV160 during sample mode is a differential switched capacitor as shown in
Figure 30. The bottom plate sampling switch is bootstrapped in order to reduce its turn on impedance and its
variation across input signal amplitude. Bottom plate sampling switches, and top plate sampling switch are all
turned off during hold mode. The sampled analog input signal is processed through the following pipeline ADC
core. The equivalent impedance changes drastically between sample and hold mode and a significant amount of
charge injection occurs during the transition between the two operating modes.

Distortion and SNR heavily rely on the signal integrity, impedance matching during sample mode and charge
injection due to the sampling switches.

VIN+ » A AAA ; .I==; [l

vy "

I I 1 jl—

VIN- = 220" AMA Il

Figure 30. Input Equivalent Circuit

The S11 of the input circuit of the ADC16DV160 is shown in Figure 31. Up to 500 MHz, it is predominantly
capacitive loading with small stray resistance and inductance as shown in Figure 31. An appropriate resistive
termination at a given input frequency band has to be added to improve signal integrity. Any shunt capacitor on
the analog input pin deteriorates signal integrity but it provides high frequency charge to absorb the charge
injected by the sampling switches. An optimal shunt capacitor is dependent on input signal frequency as well as
the impedance characteristic of the analog input signal path including components like transformers, termination
resistors, and AC coupling capacitors.
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Figure 31. ADC16DV160 Input S11

CLOCK INPUT CONSIDERATIONS

Clock Input Modes

The ADC16DV160 provides a low additive jitter differential clock receiver for optimal dynamic performance over a
wide input frequency range. The input common mode of the clock receiver is internally biased at V4, g/2 through
a 10 kQ resistor as shown in Figure 32. Normally the external clock input should be AC-coupled. It is possible to
DC-couple the clock input, but the common mode (average voltage of CLK+ and CLK-) must not be higher than
Va18/2 to prevent substantial tail current reduction leading to lowered jitter performance. CLK+ and CLK- should
never be lower than AGND. A high speed back-to-back diode connected between CLK+ and CLK- can limit the
maximum swing, but this could cause signal integrity concerns when the diode turns on and reduces the load
impedance instantaneously.

The preferred differential transformer coupled clocking approach is shown in Figure 33. A 0.1 uF decoupling
capacitor on the center tap of the secondary of a flux type transformer stabilizes clock input common mode.
Differential clocking increases the maximum amplitude of the clock input at the pins 6dB vs. the singled-ended
circuit shown in Figure 34. The clock amplitude is recommended to be as large as possible while CLK+ and CLK-
both never exceed the supply rails of V4, g and AGND. With the equivalent input noise of the differential clock
receiver shown in Figure 32, a larger clock amplitude at CLK+ and CLK- pins increases its slope around the
zero-crossing point so that higher signal-to-noise results.
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Figure 32. Equivalent Clock Receiver

The differential receiver of the ADC16DV160 has an extremely low-noise floor but its bandwidth is also extremely
wide. The wide band clock noise folds back into the first Nyquist zone at the ADC output. Increased slope of the
input clock lowers the equivalent noise contributed by the differential receiver.

A band-pass filter (BPF) with narrow pass band and low insertion loss can be added to the clock input signal
path when the wide band noise of the clock source is noticeably large compared to the input equivalent noise of
the differential clock receiver.

Load termination can be a combination of R and C instead of a pure R. This RC termination can improve the
noise performance of the clock signal path by filtering out high frequency noise through a low pass filter. The size
of R and C is dependent on the clock rate and slope of the clock input.

An LVPECL and/or LVDS driver can also drive the ADC16DV160. However the full dynamic performance of the
ADC16DV160 might not be achieved due to the high noise floor of the driving circuit itself especially in high IF
sampling applications.
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Figure 33. Differential Clocking, Transformer Coupled
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A singled-ended clock can drive the CLK+ pin through a 0.1 pF AC coupling capacitor while CLK- is decoupled to
AGND through a 0.1 pF capacitor as shown in Figure 34.

0.1uF /
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INPUT

ADC16DV160|
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Figure 34. Singled-Ended 1.8V Clocking, Capacitive AC Coupled
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Duty Cycle Stabilizer

The highest operating speed with optimal performance can only be achieved with a 50% clock duty cycle
because the switched-capacitor circuit of the ADC16DV160 is designed to have equal amount of settling time
between each stage. The maximum operating frequency could be reduced accordingly when the clock duty cycle
departs from 50%.
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The ADC16DV160 contains a duty cycle stabilizer that adjusts the non-sampling (rising) clock edge to make the
duty cycle of the internal clock 50% for a 30-t0-70% input clock duty cycle. The duty cycle stabilizer is always on
because the noise and distortion performance are not affected at all. It is not recommended to use the
ADC16DV160 at clock frequencies less than 20 MSPS where the feedback loop in the duty cycle stabilizer
becomes unstable.

Clock Jitter vs. Dynamic Performance

High speed and high resolution ADCs require a low-noise clock input to ensure full dynamic performance over
wide input frequency range. SNR (SNRg;,) at a given input frequency (Fin) can be calculated by:

2
A%2
SNRgi, = 10l0
Fin g0 [VNZ + (2nFin x Tj)2/2}

with a given total noise power (Vy?) of an ADC, total rms jitter (Tj), and input amplitude (A) in dBFS.

The clock signal path must be treated as an analog signal whenever aperture jitter affects the dynamic
performance of the ADC16DV160. Power supplies for the clock drivers have to be separated from the ADC
output driver supplies to prevent modulating the clock signal with the ADC digital output signals. Higher noise
floor and/or increased distortion/spur may result from any coupling of noise from the ADC digital output signals to
the analog input and clock signals.

In IF sampling applications, the signal-to-noise ratio is particularly affected by clock jitter as shown in Figure 35.
Tj is the integrated noise power of the clock signal divided by the slope of clock signal around the tripping point.
The upper limit of the noise integration is independent of applications and set by the bandwidth of the clock
signal path. However, the lower limit of the noise integration highly relies on the application. In base station
receive channel applications, the lower limit is determined by the channel bandwidth and space from an adjacent
channel.
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Figure 35. SNR with given Jitter vs. Input Frequency

CALIBRATION

The automatic calibration engine contained within the ADC16DV160 improves dynamic performance and reduces
its part-to-part variation. Digital output signals including output clock (OUTCLK+/-) are all logic low while
calibrating. The ADC16DV160 is automatically calibrated when the device is powered up. Optimal dynamic
performance might not be obtained if the power-up time is longer than the internal delay time (~32 mS @ 160
MSPS clock rate). In this case, the ADC16DV160 can be re-calibrated by asserting and then de-asserting power
down mode. Re-calibration is recommended whenever the operating clock rate changes.
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VOLTAGE REFERENCE

A stable and low-noise voltage reference and its buffer amplifier are built into the ADC16DV160. The input full
scale is two times Vggg, Which is the same as VBG (the on-chip bandgap output with a 10 kQ output impedance)
as well as Vgp - Vg as shown in Figure 36. The input range can be adjusted by changing Vgge either internally
or externally. An external reference with low output impedance can easily over-drive the Vggr pin. The default
Vger is 1.2V. The input common mode voltage (Vry) is a fixed voltage level of 1.15V. Maximum SNR can be
achieved at the maximum input range where Viyge = 1.2V. Although the ADC16DV160's dynamic and static
performance is optimized at a Vgege Of 1.2V, reducing Vgee can improve SFDR performance by sacrificing some
of the ADC16DV160's SNR performance.

ADC16DV160

VREF

0.1 pF

Figure 36. Internal References and their Decoupling

Reference Decoupling

It is highly recommended to place the external decoupling capacitors connected to Vgp, Ven, Vem @and Vgee pins
as close to the pins as possible. The external decoupling capacitors should have minimal ESL and ESR. During
normal operation, inappropriate external decoupling with large ESL and/or ESR capacitors increase the settling
time of the ADC core and result in lower SFDR and SNR performance. The Vgy pin may be loaded up to 1mA
for setting input common mode. The remaining pins should not be loaded. Smaller capacitor values might result
in degraded noise performance. The decoupling capacitor on the Vgge pin must not exceed 0.1 yF. Additional
decoupling on this pin will cause improper calibration during power-up. All the reference pins except Vgge have a
very low output impedance. Driving these pins via a low-output impedance external circuit for a long time period
may damage the device.

When the Vgy pin is used to set the input common mode level via transformer, a smaller series resistor should
be placed on the signal path to isolate any switching noise between the ADC core and input signal. The series
resistor introduces a voltage error between Vg and V¢ due to charge injection while the sampling switches are
toggling. The series resistance should not be larger than 50Q.

All grounds associated with each reference and analog input pin should be connected to a solid and quiet ground
on the PC board. Coupling noise from digital outputs and their supplies to the reference pins and their ground
can cause degraded SNR and SFDR performance.

LAYOUT AND GROUNDING

Proper grounding and proper routing of all signals are essential to ensure accurate conversion. Maintaining
separate analog and digital areas of the board, with the ADC16DV160 between these areas, is required to
achieve the specified performance.
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Even though LVDS outputs reduce ground bounce, the positive and negative signal path have to be well
matched, and their traces should be kept as short as possible. It is recommend to place an LVDS repeater
between the ADC16DV160 and digital data receiver block to prevent coupling noise from the receiving block
when the length of the traces are long or the noise level of the receiving block is high.

Capacitive coupling between the typically noisy digital circuitry and the sensitive analog circuitry can lead to poor
performance. The solution is to keep the analog circuitry separated from the digital circuitry, and to keep the
clock line as short as possible.

Since digital switching transients are composed largely of high frequency components, total ground plane copper
weight will have little effect upon the logic-generated noise. Because of the skin effect, the total surface area is
more important than its thickness.

Generally, analog and digital lines should not cross. However whenever it is inevitable, make sure that these
lines are crossing each other at 90° to minimize cross talk. Digital output and output clock signals must be
separated from analog input, references and clock signals unconditionally to ensure the maximum performance
from the ADC16DV160. Any coupling may result in degraded SNR and SFDR performance especially for high IF
applications.

Be especially careful with the layout of inductors and transformers. Mutual inductance can change the
characteristics of the circuit in which they are used. Inductors and transformers should not be placed side by
side, even with just a small part of their bodies beside each other. For instance, place transformers for the analog
input and the clock input at 90° to one another to avoid magnetic coupling. It is recommended to place the
transformers of the input signal path on the top side, and the transformer for the clock signal path on the bottom
side. Every critical analog signal path like analog inputs and clock inputs must be treated as a transmission line
and should have a solid ground return path with a small loop area.

The analog input should be isolated from noisy signal traces to avoid coupling of spurious signals into the input.
Any external component (e.g., a filter capacitor) connected between the converter’s input pins and ground or to
the reference pins and ground should be connected to a very clean point in the ground plane.

All analog circuitry (input amplifiers, filters, reference components, etc.) should be placed in the analog area of
the board. All digital circuitry and dynamic I/O lines should be placed in the digital area of the board. The
ADC16DV160 should be between these two areas. Furthermore, all components in the reference circuitry and
the input signal chain that are connected to ground should be connected together with short traces and enter the
ground plane at a single, quiet point. All ground connections should have a low inductance path to ground.

The ground return current path can be well managed when the supply current path is precisely controlled and the
ground layer is continuous and placed next to the supply layer. This is because of the proximity effect. A ground
return current path with a large loop area will cause electro-magnetic coupling and results in poor noise
performance. Note that even if there is a large plane for a current path, the high-frequency return current path is
not spread evenly over the large plane, but only takes the path with lowest impedance. Instead of a large plane,
using a thick trace for supplies makes it easy to control the return current path. It is recommended to place the
supply next to the GND layer with a thin dielectric for a smaller ground return loop. Proper location and size of
decoupling capacitors provides a short and clean return current path.

SUPPLIES AND THEIR SEQUENCE

There are three supplies for the ADC16DV160: one 3.0V supply Vazo and two 1.8V supplies Va; g and Vpg. It is
recommended to separate Vpr from V,q g supplies, any coupling from Vpg to the rest of the supplies and analog
signals could cause lower SFDR and noise performance. When V,; g and Vpg are both from the same supply
source, coupling noise can be mitigated by adding a ferrite-bead on the Vpg supply path.

Different decoupling capacitors can be used to provide current over wide frequency range. The decoupling
capacitors should be located close to the point of entry and close to the supply pins with minimal trace length. A
single ground plane is recommended because separating ground under the ADC16DV160 could cause an
unexpected long return current path.

The Va30 supply must turn on before Va1 g and/or Vpg reaches a diode turn-on voltage level. If this supply
sequence is reversed, an excessive amount of current will flow through the V34 supply. The ramp rate of the
Vaz0 Supply must be kept less than 60 V/mS (i.e., 60 uS for 3.0V supply) in order to prevent excessive surge
current through ESD protection devices.
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SERIAL CONTROL INTERFACE

The ADC16DV160 has a serial control interface that allows access to the control registers. The serial interface is
a generic 3-wire synchronous interface that is compatible with SPI-type interfaces that are used on many
microcontrollers and DSP controllers. Each serial interface access cycle is exactly 16 bits long. A register-read or
register-write can be accomplished in one cycle. Register space supported by this interface is 64. Figure 37 and
Figure 38 show the access protocol used by this interface. Each signal’s function is described below. The SPI
must be in a static condition during the normal operation of the ADC16DV160, otherwise the performance of the
ADC16DV160 may degrade due to the coupling noise generated by the SPI control signals. When a SPI bus is
used for multiple devices on the board, it is recommended to reduce the potential for noise coupling by placing
logic buffers between the SPI bus and the ADC16DV160.

12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 1
css ] I el

<———— COMMANDFIELD ———— <« DATAFIELD ———— >
c7 C6 C5 C4 C3 C2 CL CO D7 D6 D5 D4 D3 D2 DI DO
spio { 0 | o [Aasfasfazs]az]ai]aol] Write DATA (written into part) —F—
Read/Write | < Address (6 bits)

Reserved (1 bit)
-t SPI Master drives SDIO

\ 4

Figure 37. Serial Interface Protocol (Write Operation)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

cst | |_ﬂ_

<————— COMMAND FIELD ————— <« DATAFIELD ————————
C7 C6 C5 C4 C3 C2 ClL CO D7 D6 D5 D4 D3 D2 DI DO
sbio { 1 J o JAasJas]asfaz]ar]aol Read DATA (read out of part) ——

ReadWiite | < Address (6 bits) -
Reserved (1 bit)

~#—————SPI Master Drives SDIO—————————p=-¢————ADC (SPI Slave) Drives SDIO——————

Figure 38. Serial Interface Protocol (Read Operation)

Signal Descriptions

SCLK: Used to register the input date (SDI) on the rising edge; and to source the output data (SDO) on the
falling edge. User may disable clock and hold it in the low-state, as long as clock pulse width min. spec is
not violated when clock is enabled or disabled.

CSB: Chip Select Bar. Each assertion starts a new register access — i.e., the SDATA field protocol is required.
CSB should be de-asserted after the 16th clock. If the CSB is de-asserted before the 16th clock, no
address or data write will occur. The rising edge captures the address just shifted-in and, in the case of a
write operation, writes the addressed register.

SDIO: Serial Data. Must observe setup/hold requirements with respect to the SCLK. Each cycle is 16-bit long.
* R/W: A value of ‘1’ indicates a read operation, while a value of ‘0’ indicates a write operation
* Reserved: Reserved for future use. Must be set to 0.

» ADDR: Up to 64 registers can be addressed.

» DATA: In a write operation the value in this field will be written to the register addressed in this cycle when
CSB is de-asserted. In a read operation this field is ignored.

FIXED PATTERN MODE

The ADC16DV160 provides user defined fixed patterns at digital output pins to check timing and connectivity with
the receiving device on the board. The fixed pattern map is shown in Figure 39; there are 6 hard-wired fixed
patterns (PATTERN (000) to PATTERN (101)) and 2 user-defined patterns (PATTERN (110) and PATTERN
(111)). PATTERN (110) and PATTERN (111) can be written via SPI and all ‘0’s are the default values for both.
See Register Map address OCH through OFH for the details.
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PATTERN 16-bit DATA

1 1 1]y Y Y Y Y Y Y Y|Y Y Y Y Y Y Y Y

1 OfJX X X X X X X X|X X X X X X X X
1 0 140 0 O O O O O Of12 1 121 1 1 1 1
1 0 OfJ2 12 112 12 1 1 1({0 O O O O O O O
o 1 111 0 0 O O O O O]J]O O O O O O o0 o
0 1 o1 O 0 0 0|1 0 1 0 1 O 1 O
o o 142 1 1 1 1 1 1 141 1 1 1 1 1 1 1
0o 0o ojo o o o o o 0o 0jO O O O O O o0 o

Figure 39. Fixed Pattern Map

For flexibility, the user can determine a fixed pattern with a depth of 8 patterns as shown in Figure 40. The user
can fill these 8 sequences (SEQO — SEQ7) with an arbitrary pattern (PATTERN (000) — PATTERN (111)). See
Register Map address 08h through OBh below for the details. The default register value for all SEQO through
SEQ7 sequences is 010, which generates alternating OxFF and 0x00 at the ADC output as shown in Figure 41.
Note that since the ADC outputs odd bits on the falling edge of the OUTCLK and even bits on the rising edge,
the resulting 16-bit output codes are OXAAAA.

odaloalolaglglels
[OdNOA oS NO R NO 4 NO N NO R N4
Wiw|jw|w|w|w|w|uw
A A A A AT A

<&
<

Figure 40. State Machine Generating Fixed Pattern Sequence

OUTCLK |_| [ ] [
ADCOUT:X FF Y oo X FF )X 00X

Figure 41. Fixed Pattern at ADC Output with Default SPI Register Values

SAMPLING EDGE

The internal clock divider features allows more flexible design from the perspective of the system clocking
scheme. The ADC16DV160 supports divide by 1 or 2 clocking. This feature may cause a potential issue when
synchronizing the sample edge of multiple ADCs when the internal clock is divided by 2 from the input clock
(CLKIN). The ADC16DV160 samples the analog input signal at the falling edge of the input clock, which will be
the falling edge of the internally divided by 2 clock when divide by 2 is configured as shown as dashed lines in
Figure 42 below. If there is some timing skew of the SPI control signals and/or input clock between multiple
ADCs with this clocking configuration, the sampling edge of some ADC, which is ADC SLAVE | for this example,
could be out of phase compared to the ADC MASTER as shown in Figure 42. The sampling edge of the non-
synchronized ADC can be synchronized if the internal clock can be inverted through some control bit. This
sampling edge flipping function is provided by the ADC16DV160 via SPI. See the SPI Register Map below for the
details.
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Register Map

ADC MASTER

Figure 42. Sampling Edge of Multiple ADCs with

ADC SLAVE | |

ADC SLAVE Il

CLKIN|||||||||

Internal Division On

NOTE

Accessing unspecified addresses may cause functional failure or damage. All reserved
bits must be written with the listed default values.

Operation Mode Addr: 00h R/W
7 6 5 4 \ 3 2 1 0
DF Operation Mode Reserved Full Scale Default
Bit 7 Data Format ‘
Two's Complement
0 Offset Binary (Default)
Bits (6:5) Operation Mode ‘ |
0 0 Normal Operation (Default)
0 1 Sleep Mode. Device is powered down, but it can wake up quickly.
1 0 Power down mode. Device is powered down at lowest power dissipation.
1 1 Fixed pattern mode. Device outputs fixed patterns to check connectivity with interfacing
components.
Bit 4 Reserved. Must be set to 0.
Bit 3 Reserved. Must be set to 0.
Bit 2 Reserved. Must be set to 1.
Bit 1 Full scale. Full scale can be adjusted from 2.0 to 2.4Vpp.
0 2.0Vpp
1 2.4Vpp (default)
Bit 0 Restore Default Register Values. Default values of SPI registers can be restored at the rising edge of this bit.
1 Restore default register values
0 As is (default)
Synchronization Mode Addr: 01h R/W
7 6 5 4 | 3 2 1 0
Sample Clock Divider Reserved Output Clock Phase Reserved Reserved
Phase
Bit 7 Sampling Clock Phase. This is for synchronizing sampling edge for multiple devices while the ADC16DV160 is configured at
clock divide by 2.
0 Keep sampling edge as is (default).
1 Invert internal clock to adjust sampling edge.
Bit 6 Clock divider. Internal operating clock frequency can be programmed either to be divided by 1 or 2.

0

Divide by 1 (default).
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Synchronization Mode Addr: 01h R/W
1 Divide by 2
Bit 5 Reserved. Must be set to 0.
Bits (4:2) Output Clock Phase Adjustment. User can adjust output clock phase from 31° to 143°. Each 1 LSB increment results in
about 16° of output clock phase increase.
0 0 0 31°
0 0 1 47°
0 1 0 63°
0 1 1 79°
1 0 0 95° (default)
1 0 1 111°
1 1 0 127°
1 1 1 143°
Bit 1 Reserved. Must be set to 0.
Bit O Reserved. Must be set to 0.
g'ég% zﬁgesrg('?\"lode' Addr: 08h RIW
7 6 5 4 3 2 1 0
SEQ1<2> SEQ1<1> SEQ1<0> SEQO0<2> SEQO0<1> SEQO0<0> Reserved Reserved
Bits (7:5) 3 bit pattern code for SEQ1. 010 is the default.
Bits (4:2) 3 bit pattern code for SEQO. 010 is the default.
Bit 1 Reserved, Must be set to 0.
Bit 0 Reserved, Must be set to 0.
g'ég‘; zﬁgesrg&"de' Addr: 09h RIW
7 6 5 4 3 2 1 0
SEQ3<2> SEQ3<1> SEQ3<0> SEQ2<2> SEQ2<1> SEQ2<0> Reserved Reserved
Bits (7:5) 3 bit pattern code for SEQ3. 010 is the default.
Bits (4:2) 3 bit pattern code for SEQ2. 010 is the default.
Bit 1 Reserved, Must be set to 0.
Bit O Reserved, Must be set to 0.
g'ég‘i zﬁgeSrEQMSOde' Addr: 0Ah RIW
7 6 5 4 3 2 1 0
SEQ5<2> SEQ5<1> SEQ5<0> SEQ4<2> SEQ4<1> SEQ4<0> Reserved Reserved
Bits (7:5) 3 bit pattern code for SEQS5. 010 is the default.
Bits (4:2) 3 bit pattern code for SEQ4. 010 is the default.
Bit 1 Reserved, Must be set to 0.
Bit 0 Reserved, Must be set to 0.
g'ég‘é zﬁgesrgc';"?"de' Addr: 0Bh RIW
7 6 5 4 3 2 1 0
SEQ7<2> SEQ7<1> SEQ7<0> SEQ6<2> SEQ6<1> SEQ6<0> Reserved Reserved
Bits (7:5) 3 bit pattern code for SEQ7. 010 is the default.
Bits (4:2) 3 bit pattern code for SEQ6. 010 is the default.
Bit 1 Reserved, Must be set to 0.
Bit O Reserved, Must be set to 0.
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e e o aw
7 6 5 4 3 2 1 0
D<7> D<6> D<5> D<4> D<3> D<2> D<1> D<0>
Bits (7:0) 8 LSBs of a fixed pattern for Sequence >110>
All 0" for default.
e o aw
7 6 5 4 3 2 1 0
D<7> D<6> D<5> D<4> D<3> D<2> D<1> D<0>
Bits (7:0) 8 MSBs of a fixed pattern for Sequence >110>
All 0" for default.
e e ok aw
7 6 5 4 3 2 1 0
D<7> D<6> D<5> D<4> D<3> D<2> D<1> D<0>
Bits (7:0) 8 LSBs of a fixed pattern for Sequence >111>
All 0" for default.
I'\:/:éeBdPT;tTelgll?ll\\lA ggiiw Addr: OFh RIW
7 6 5 4 3 2 1 0
D<7> D<6> D<5> D<4> D<3> D<2> D<1> D<0>
Bits (7:0) 8 MSBs of a fixed pattern for Sequence >111>
All 0" for default.
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REVISION HISTORY

Changes from Revision G (February 2013) to Revision H Page
e Changed layout of National Data Sheet t0 TI fOMMAL ..........ooiiiiiiiiii e e e 29
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @

ADC16DV160CILQ/NOPB ACTIVE VQFN NKE 68 168 Green (RoHS SN Level-4-260C-72 HR ADC16DV160 m
& no Sh/Br)

ADC16DV160CILQE/NOPB ACTIVE VQFN NKE 68 250 Green (RoHS SN Level-4-260C-72 HR -40t0o 85 ADC16DV160 m
& no Sh/Br)

ADC16DV160CILQX/NOPB ACTIVE VQFN NKE 68 2000 Green (RoHS SN Level-4-260C-72 HR ADC16DV160 m
& no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
NDC16DV160CILQE/NOP | VQFN NKE 68 250 178.0 24.4 10.3 | 10.3 1.1 16.0 | 24.0 Q1
B
NDC16DV160CILQX/NOP | VQFN NKE 68 2000 330.0 24.4 10.3 | 10.3 1.1 16.0 | 24.0 Q1
B
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TAPE AND REEL BOX DIMENSIONS
,//T/
4
// S
/\\ /}#\
. 7
\“‘x‘y// T w//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
IADC16DV160CILQE/NOP VQFN NKE 68 250 203.0 190.0 41.0
B
IADC16DV160CILQX/NOP VQFN NKE 68 2000 358.0 343.0 63.0
B
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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