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VSP5324-01 4-Channel, 12-Bit, 80-MSPS ADC
1 Features 2 Applications

e Qualified for Automotive Applications
* AEC-Q100 Qualified With the Following Results

— Device Temperature Grade 2: —40°C to
+105°C

— Device HBM ESD Classification Level 2
— Device CDM ESD Classification Level C4B
» Designed for Low Power:

— One-Lane Interface:
65 mW per Channel at 50 MSPS

— Two-Lane Interface:
82 mW per Channel at 80 MSPS

* Dynamic Performance:
— 5-MHz Input Frequency, 80 MSPS
— SNR: 70 dBFS
— SFDR: 85 dBc

» Serial LVDS ADC Data Outputs

e Variety of LVDS Test Patterns to Verify Data
Capture

e Package: 9-mm x 9-mm VQFN-64
* Operating Temperature: —40°C to +105°C

Simplified Schematic
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<

@—— Reference (optional)

Power Sampling
Down Clock

e Depth Sensing:
— Location and Proximity Sensing
— 3D Scanning
— 3D Machine Vision
— Security and Surveillance
— Gesture Controls

3 Description

The VSP5324-Q1 device is a low-power, 12-bit, 80-
MSPS, quad-channel, analog-to-digital converter
(ADC). Low-power consumption and multiple-channel
integration in a compact package makes the device
attractive for 3D time-of-flight (ToF) systems.

Serial low-voltage differential signaling (LVDS)
outputs reduce the number of interface lines and
enable high system integration.

The device is available in a compact 9-mm x 9-mm
VQFN-64 Package.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (64) 9.00 mm x 9.00 mm

PART NUMBER
VSP5324-Q1

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration

and Functions

RGC Package
64-Pin VQFN With Exposed Thermal Pad

Top View
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Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
ADCLKM 24 Digital output | Negative LVDS differential frame clock output pin
ADCLKP 23 Digital output | Positive LVDS differential frame clock output pin
AGND 37 Ground Analog ground pin
40
43
46
50
AVDD 57 Supply Analog supply pin, 1.8 V
60
Negative clock input
CLKM 59 Analog input | Differential clock input: apply differential clocks (sine wave, LVPECL, and LVDS) to CLKP and
CLKM. Single-ended clock input: apply a CMOS clock to CLKP and tie CLKM to ground.
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Pin Functions (continued)
PIN
TYPE DESCRIPTION
NAME NO.
Positive clock input
CLKP 58 Analog input | Differential clock input: apply differential clocks (sine wave, LVPECL, and LVDS) to CLKP and
CLKM. Single-ended clock input: apply a CMOS clock to CLKP and tie CLKM to ground.
[ 61 Digital input | Serial interface enable pin
IN1_M Analog input | Channel 1 negative differential analog input
IN1_P Analog input | Channel 1 positive differential analog input
IN2_M Analog input | Channel 2 negative differential analog input
IN2_P Analog input | Channel 2 positive differential analog input
IN3_M 42 Analog input | Channel 3 negative differential analog input
IN3_P 41 Analog input | Channel 3 positive differential analog input
IN4_M 48 Analog input | Channel 4 negative differential analog input
IN4_P 47 Analog input | Channel 4 positive differential analog input
Internal and external reference control input pin
INT/EXT 56 Digital input Logic high: device uses internal reference
Logic low: device uses external reference
LCLKM 26 Digital output | Negative LVDS differential bit clock output pin
LCLKP 25 Digital output | Positive LVDS differential bit clock output pin
12
LGND 14 Ground Digital ground pin
36
LVDD 35 Supply Digital and LVDS supply pin, 1.8 V
10
11
NC 38 — Unused; do not connect
39
44
45
51
Channel 1A negative LVDS differential output pin.
OUTIA_M 16 Interface This pin can be used with either one- or two-lane interface.
OUTIA P 15 Interface Ch_annel 1A positive L\/_DS ghﬁerennal output pin.
— This pin can be used with either one- or two-lane interface.
Channel 1B negative LVDS differential output pin. This pin is used with two-lane interface.
OUT1B_M 18 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
Channel 1B positive LVDS differential output pin. This pin is used with two-lane interface.
OuUTiB_P 1 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
Channel 2A negative LVDS differential output pin.
OUT2A_M 20 Interface This pin can be used with either one- or two-lane interface.
OUT2A P 19 Interface Ch_annel 2A positive L\/_DS ghﬁerennal output pin.
— This pin can be used with either one- or two-lane interface.
Channel 2B negative LVDS differential output pin. This pin is used with two-lane interface.
OuT2B_M 22 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
Channel 2B positive LVDS differential output pin. This pin is used with two-lane interface.
ouT2B_P 21 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
Channel 3A negative LVDS differential output pin.
OUT3A_M 30 Interface This pin can be used with either one- or two-lane interface.
OUT3A P 29 Interface Ch_annel 3A positive LVDS ghﬁerennal output pin.
— This pin can be used with either one- or two-lane interface.
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Pin Functions (continued)

PIN
TYPE DESCRIPTION
NAME NO.
Channel 3B negative LVDS differential output pin. This pin is used with two-lane interface.
OUT3B_M 28 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
Channel 3B positive LVDS differential output pin. This pin is used with two-lane interface.
OUT3B_P 21 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
Channel 4A negative LVDS differential output pin.
OUT4A_M 34 Interface This pin can be used with either one- or two-lane interface.
OUT4A P 33 Interface Ch_annel 4A positive L\/_DS ghﬁerennal output pin.
— This pin can be used with either one- or two-lane interface.
Channel 4B negative LVDS differential output pin. This pin is used with two-lane interface.
OuUT4B_M 32 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
Channel 4B positive LVDS differential output pin. This pin is used with two-lane interface.
ouT4B_P 31 Interface In one-lane interface, this pin is unused and must be floated without a 100-Q termination.
L Power-down control input pin
PD 13 Digital input Logic high: device is in power-down state; logic low: normal operation
Reference bottom voltage pin
REFB 54 Analog input Internal reference mode: the reference bottom voltage (0.45 V) is output on this pin.
g np External reference mode: the reference bottom voltage (0.45 V) must be externally applied to this
pin. There are no required decoupling capacitors on this pin.
Reference top voltage pin
. Internal reference mode: the reference top voltage (1.45 V) is output on this pin.
REFT 55 Analog input External reference mode: reference top voltage (1.45 V) must be externally applied to this pin.
There are no required decoupling capacitors on this pin.
RESET 64 Digital input | Serial interface reset pin; active low
SCLK 63 Digital input | Serial interface clock pin
SDATA 62 Digital input | Serial interface data pin
SDOUT 52 Digital output | Serial interface readout pin
T Control input pin synchronizes test patterns across channels.
SYNC 49 Digital input When unused, this pin should be tied to ground.
Common-mode voltage pin
VCM 53 Analog output | Internal reference mode: common-mode voltage output pin, 0.95 V.
External reference mode: reference voltage must be externally applied to this pin.
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6 Specifications
6.1 Absolute Maximum Ratings
Over operating free-air temperature range, unless otherwise noted.®
MIN MAX UNIT
S | it AVDD -0.3 2.2 \%
u voltage
PPy g LVDD -0.3 2.2 \%
ground voltage Between AGND and LGND -0.3 0.3 v
ifferences
Digital outputs -0.3 lesser of 2.2 or (LVDD + 0.3) \%
igital i @, RESET
Input voltage g;gx?run[é—usts é%ll‘\:éN'PCDUT,\PIT/%SET’ SCLK, -0.3 lesser of 2.2 or (LVDD + 0.3) \%
Analog inputs -0.3 lesser of 2.2 or (LVDD + 0.3) \Y
Input current (all pins except supplies) -10 10 mA
Ambient temperature, under bias, Tp -40 105 °C
Junction temperature, T, 125 °C
Storage temperature, Tgyg -55 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) When AVDD is turned off, TI recommends switching off the input clock (or ensuring the voltage on CLKP, CLKN is less than [0.3 V|).
This setting prevents the ESD protection diodes at the clock input pins from turning on.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002(® +2000
Vesp)y  Electrostatic discharge Charged device model (CDM), per AEC Other pin,s =500 \
Q100-011 Corner pins (1, 16, 17, +750
32, 33, 48, 49, and 64)
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
Over operating free-air temperature range, unless otherwise noted.
MIN NOM MAX UNIT
V(avDD) Analog supply voltage 1.7 1.8 1.9 \
V(LvDD) Digital supply voltage 1.7 1.8 1.9 \
Vip Differential input voltage 2 Vpp
Vic Input common-mode voltage V|c £50 mV
Two-lane LVDS interface 10 80 MSPS
Input clock sample rate -
One-lane LVDS interface 10 50 MSPS
Sine wave, ac-coupled 1.5 Vpp
(Verkp — Input clock amplitude LVPECL, ac-coupled 16 Vpp
Verkm) differential LVDS, ac-coupled 0.7 Vpp
LVCMOS, single-ended, ac-coupled 3.3 \
Duty cycle 35% 50% 65%
CLoaD Maximum external capacitance from each output pin to DRGND 5 pF
RLoaD Differential resistance between LVDS output pairs (LVDS mode) 100 Q
Ta Operating free-air -40 105 °C
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6.4 Thermal Information

VSP5324-Q1
THERMAL METRIC® RGC (VQFN) UNIT
64 PINS
Rgia Junction-to-ambient thermal resistance 20.6 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 6.1 °C/IW
Rgis Junction-to-board thermal resistance 2.7 °C/W
WIT Junction-to-top characterization parameter 0.2 °C/IW
viB Junction-to-board characterization parameter 2.6 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 0.4 °C/W

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

report.

6.5 Electrical Characteristics: Dynamic Performance
Typical values are at 25°C, V(aypp) = 1.8 V, V(yopy = 1.8 V, sampling frequency = 80 MSPS, 50% clock duty cycle, and —-1-

dBFS differential analog input, unless otherwise noted. Minimum and maximum values are across the full temperature range

Of TMlN =-40°C to TMAX = 105°C, V(AVDD) =1.8 V, V(LVDD) =1.8V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Resolution 12 Bits
. . . fin =5 MHz 68 70 dBFS
SNR Signal-to-noise ratio
fin =30 MHz 69.5 dBFS
. . . . . fin =5 MHz 69.8 dBFS
SINAD Signal-to-noise and distortion ratio
fin =30 MHz 69.2 dBFS
) ) le =5 MHz 64 85 dBc
SFDR Spurious-free dynamic range
le =30 MHz 82 dBc
L . fin =5 MHz 63 815 dBc
THD Total harmonic distortion
le =30 MHz 78 dBc
) . . le =5 MHz 64 90 dBc
HD2 Second-harmonic distortion
le =30 MHz 86 dBc
) ) . . le =5 MHz 64 85 dBc
HD3 Third-harmonic distortion
le =30 MHz 82 dBc
Worst spur fin =5 MHz 91 dBc
(other than second and third harmonics) fin = 30 MHz 83 dBc
i . ’ . . f1=8MHz, f2 =10 MHz,
IMD Two-tone intermodulation distortion each tone at —7 dBES 83 dBc
10-MHz full-scale signal on aggressor
Crosstalk (far channel) channel; no input signal applied on victim 95 dB
channel
Inout overload recover Recovery to within 1% (of full-scale) for 1 Clock
P Y 6-dB overload with sine-wave input cycle
For 50-mVpp signal on AVDD supply,
PSRR AC power-supply rejection ratio up to 10 MHz, no signal applied to analog 50 dB
inputs
ENOB Effective number of bits fin =5 MHz 11.3 Bits
DNL Differential nonlinearity fin =5 MHz -0.8 +0.2 0.8| LSBs
INL Integral nonlinearity fin =5 MHz +0.3 LSBs
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6.6 Electrical Characteristics: General

Typical values are at 25°C, Vayppy = 1.8 V, Vvpp) = 1.8 V, sampling frequency = 80 MSPS, 50% clock duty cycle, and —1-
dBFS differential analog input, unless otherwise noted. Minimum and maximum values are across the full temperature range
of Ty = —40°C 10 Tyax = 105°C, Viavop) = 1.8 V, V(yop) = 1.8 V.

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
ANALOG INx_PUT

_ _ Voltage range 2 Vpp
Vip E}gﬁrem'al Resistance, at dc 2 kQ
Capacitance, at dc 2.2 pF
Analog input bandwidth 550 MHz
Analpg inpqt common-mode current 16 pA/
(per input pin) MSPS
Voc Common-mode output voltage 0.95 \%
loqvem) VCM output current capability 5 mA
DC ACCURACY
Offset error 5 +20 mVv
EGREF Gain error resulting from internal - 2| wES

reference inaccuracy alone
EGCHAN  Gain error of channel alone 0.5 %FS
POWER SUPPLY

80 MSPS 114 135 mA
IAVDD Analog supply current
50 MSPS 86 mA
Two-lane LVDS interface, 80 MSPS,
350-mV swing with 100-Q external 69 85 mA
termination
ILVDD Output buffer supply current -
One-lane LVDS interface, 50 MSPS,
350-mV swing with 100-Q external 56 mA
termination
80 MSPS 205 mw
Analog power
50 MSPS 155 mw
Two-lane LVDS interface, 80 MSPS,
350-mV swing with 100-Q external 124 mw
- . termination
Digital power LVDS interface -
One-lane LVDS interface, 50 MSPS,
350-mV swing with 100-Q external 101 mw
termination
80 MSPS, two-lane LVDS interface 329 mw
Total power -
50 MSPS, one-lane LVDS interface 256 mw
Global power-down 40 mw
Standby power 135 mw
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6.7 Electrical Characteristics: Digital

At Viavop) = 1.8 V, V(vop) = 1.8 V, unless otherwise noted. The DC specifications refer to the condition where the digital
outputs do not switch, but are tied permanently to a valid logic level 0 or 1.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
DIGITAL INx_PUTS (RESET, SCLK, SDATA, CS, PDN, SYNC, INT/EXT)
. . All digital inputs support 1.8-V and 3.3-V CMOS
V4 High-level input voltage logic levels >1.3 \Y
Vi Low-level input voltage All Q|g|tal inputs support 1.8-V and 3.3-V CMOS <04 v
logic levels
H High-level input current Viy=18V 6 MA
I Low-level input current ViL=0V <0.1 MA
DIGITAL OUTPUTS
. . AVDD —
Vou High-level output voltage CMOS interface (SDOUT) 0.1 \%
VoL Low-level output voltage CMOS interface (SDOUT) 0.1 \%
Hiah-level output differential LVDS interface (OUTP, OUTM, LCLKP, LCLKM,
VobH) Vo?ta : p ADCLKP, ADCLKM), with an external 100-Q 245 420 mv
9 termination
Low-level outout differential LVDS interface (OUTP, OUTM, LCLKP, LCLKM,
Vobw) voltage P ADCLKP, ADCLKM), with an external 100-Q -420 -245 mV
9 termination
Voc Output common-mode voltage 1.05 \%

6.8 Timing Requirements®

Typical values are at 25°C, Vaypp) = 1.8 V, V(ypp) = 1.8 V, sampling frequency = 80 MSPS, sine wave input clock, C oap) = 5
pF, and R oapy = 100 Q, unless otherwise noted. Minimum and maximum values are across the full temperature range of Ty
= —40°C t0 Tyax = 105°C, V(avpp) = 1.8 V, and Viypp) = 1.7 Vto 1.9 V.

MIN NOM MAX | UNIT
Aperture delay 4 ns
ﬁg‘fm%?&'gﬁy Between the two channels of the same device *175 ps
Aperture delay variation E\?t[\)NSeS?J;V[\)lK/ devices at the same temperature and 25 ns
Aperture jitter (RMS) 320 fs
Time to valid data after coming out of partial 5 50 s
. power-down mode H
Wakeup time Time © lid data aft - t of global
ime to valid data after coming out of global
power-down mode 100 500 HS
One-lane LVDS output interface 11 Clock
cycles
ADC latency Clock
. oc|
Two-lane LVDS output interface 15 cycles
to, Data setup time tIZ\)Ne:)tﬁ;/:gnli_\tloDzSero crossing of LCLKP, 80 MSPS, 0.61 ns
t Data hold time @ ggr&gg);sg\%g;hgtl\(/l;;o data becoming invalid, 0.74 ns
Input clock rising edge crossover to frame clock (11/12) x
rising edge crossover, two-lane LVDS for -t ns
. 10 < fg < 80 MSPS ST
ty Clock propagation delay —
Input clock rising edge crossover to frame clock 9/12) x
rising edge crossover, one-lane LVDS for -t ns
10 < fg < 65 MSPS ST
ty Delay time 6.8 9 11.8 ns

(1) Timing parameters are ensured by design and characterization and are not tested in production.

(2) Cqoap is the effective external single-ended load capacitance between each output pin and ground.
(3) Rqoap) is the differential load resistance between the LVDS output pair.
(4) Data valid refers to a logic high of 100 mV and a logic low of —100 mV.
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Timing Requirements® (continued)

Typical values are at 25°C, Vaypp) = 1.8 V, V(ypp) = 1.8 V, sampling frequency = 80 MSPS, sine wave input clock, Cy oap) = 5
pF, and R oapy = 100 Q, unless otherwise noted. Minimum and maximum values are across the full temperature range of Ty
=—40°C to Tyax = 105°C, Vaypp) = 1.8 V, and V(;ypp) = 1.7 V0o 1.9 V.

MIN NOM MAX UNIT
LVDS bit clock duty cycle Differential clock duty cycle (LCLKP — LCLKM) 50 %
«  oaamiume B e o  visos -
« paamseue e e oy by nope .
s
ftycy  Output clock fall time Rise time measured from —100 mV to 100 mV, 0.18 ns

10 MSPS < sampling frequency < 80 MSPS

6.9 LVDS Timing at Different Sampling Frequencies (One-Lane Interface, 12x Serialization)
See Figure 1 and Figure 2.

MIN MAX UNIT
f(SAMPLE) =40 MSPS 0.75
LCLKP zero-crossing to data becomin
th invalid (both edges)g ? fsavpLe) = 50 MSPS 0.47 ns
f(SAMPLE) =65 MSPS 0.25
f(SAMPLE) =40 MSPS 0.62
Data valid to LCLKP zero-crossing (both
tsy edges) 9 ( f(SAMPLE) =50 MSPS 0.38 ns
f(SAMPLE) =65 MSPS 0.19

6.10 LVDS Timing at Different Sampling Frequencies (Two-Lane Interface, 6x Serialization)
See Figure 1 and Figure 2.

MIN MAX UNIT
LCLKP ) d b ) f(SAMPLE) =40 MSPS 1.9
zero-crossing to data becoming -
th invalid (both edges) fsawpLe) = 50 MSPS 1.55 ns
f(SAMPLE) =65 MSPS 1.1
f(SAMPLE) =40 MSPS 1.44
Data valid to LCLKP zero-crossing (both
tsy edges) 9 f sawpLE) = 50 MSPS 1.02 ns
f(SAMPLE) =65 MSPS 0.64
6.11 Serial Interface Timing Requirements
See Figure 3.

MIN MAX UNIT
f(SCLK) SCLK frequency =1/ tscLk >DC MHz
tsu(LoADS) SEN to SCLK setup time 33 ns
tsu(LoADH) SCLK to SEN hold time 33 ns
tsu() SDATA setup time 33 ns
th(D) SDATA hold time 33 ns
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OUTx_P

OUTX_M

(1) With an external 100-Q termination..

Input
Clock

Frame
Clock

Bit
Clock

Output
Data

CLKM

CLKP

ADCLKM

ADCLKP

LCLKM

LCLKP

OUTI1A, OUT1B
OUT2A, OUT2B
OUT3B, OUT3A
OUT4B, OUT4A

Logic 0
Voo = -350 mv'"”

Figure 1. LVDS Output Voltage Levels

Figure 2. LVDS Mode Timing
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SDATA

SCLK

Register Address
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| touLonns)

touLonom)
-

Figure 3. Serial Interface Timing

6.12 Typical Characteristics

Typical values are at 25°C, Vaypp) = 1.8 V, V(ypp) = 1.8 V, 80-MSPS sampling clock frequency, 50% clock duty cycle, and
—1-dBFS differential analog input, unless otherwise noted.

0 0
-10 -10
-20 -20
-30 -30
_. -40 —~ 40
2 0 E -50
£ %0 8 %0
L .70 L -70
% -80 % -80
g -90 g -90
< 100 < 100
-110 -110
-120 -120
-130 HETRr T BRI I T P TR T P L i -130 |+ 1 3ail ‘ b1 vl
-140 L -140
10 20 30 40 0 10 20 30 40
Frequency (MHz) Frequency (MHz)
SNR = 69.6 dBFS SINAD = 69.5 dBFS SNR = 69.6 dBFS SINAD = 69.4 dBFS
SFDR = 89.3 dBc THD = 85.9 dBc SFDR = 84.8 dBc THD = 83.2 dBc
Sample Rate = 80 MSPS Sample Rate = 80 MSPS
Figure 4. FFT for 5-MHz Input Signal Figure 5. FFT for 15-MHz Input Signal
0 0
-10 -10
-20 -20
-30 -30
_. 40 —~ 40
L 50 0L 50
8 0 S 60
L 70 L 70
% -80 % -80
€ -90 g -90
<1100 f— < 100 |1 4
-110 -110
-120 -120
-130 T Py T al -130 p—+ - AT i i
-140 1 T -140 [ T
10 20 30 40 0 5 10 15 20
Frequency (MHz) Frequency (MHz)
SNR = 68.5 dBFS SINAD = 67.8 dBFS SNR = 69.8 dBFS SINAD = 69.7 dBFS
SFDR =76.5 dBc THD = 75 dBc SFDR =85.1 dBc THD = 84.7 dBc
Sample Rate = 80 MSPS Sample Rate = 40 MSPS
Figure 6. FFT for 65-MHz Input Signal Figure 7. FFT For 5-MHz Input Signal
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Typical Characteristics (continued)

Typical values are at 25°C, Vayppy = 1.8 V, V(ypp) = 1.8 V, 80-MSPS sampling clock frequency, 50% clock duty cycle, and
—1-dBFS differential analog input, unless otherwise noted.

0 0
-10 -10
-20 -20
-30 -30
. -40 ~ 40
L 50 L 50
S 60 S 60
L 70 L 70
% -80 % -80
g -90 g -90
< 100 < 100 '
-110 -110
-120 -120
-130 HY Y R e S I i Nt ‘ CRiarditaitd oAty -130 [T HeT } 77———+7———— TE
-140 ‘ -140
0 5 10 15 20 0 5 10 15 20
Frequency (MHz) Frequency (MHz)
SNR = 69.6 dBFS SINAD = 69.5 dBFS SNR = 67.2 dBFS SINAD = 66.6 dBFS
SFDR = 86.8 dBc THD = 84 dBc SFDR = 76.5 dBc THD = 74 dBc
Sample Rate = 40 MSPS Sample Rate = 40 MSPS
Figure 8. FFT for 15-MHz Input Signal Figure 9. FFT for 65-MHz Input Signal
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Figure 10. Signal-to-Noise Ratio (SNR) vs Input Signal Figure 11. Spurious-Free-Dynamic Range (SFDR) vs Input
Frequency Signal Frequency
72 88
— fiy = 10.05 (MHz) & /\ — fiy = 10.05 (MHz)
— fin = 76.85 (MHz) L ogs — fin = 76.85 (MHz)
~ 70 ] 4 T
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Q.
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Figure 12. SNR vs Digital Gain Figure 13. SFDR vs Digital Gain
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Typical Characteristics (continued)

Typical values are at 25°C, Vayppy = 1.8 V, V(ypp) = 1.8 V, 80-MSPS sampling clock frequency, 50% clock duty cycle, and

—1-dBFS differential analog input, unless otherwise noted.

76 120 & 72 88
8 — SNR _
S 715 — SFDR 875 @&
™ 100 P & )
om
rig T L 71 87 5
% 72 ﬁw 30 % % %
8 Poad S |2 705 865
o WWJWMM % & —\ £
$ 70 Valid 60 € & 70 86 ¢
2 S S \/\//\/ \__\/\/ [a)
z S | 2 @
T f—«""w 2| £ 695 855 &
2 68 40 3 |2 T
T e g a
5 I |5 69 8 3
66 — SNR 20 3 |© 5
— SFDR (dBc) 2 68.5 845 2
SFDR (dBFS) 2
64 0 n 68 84
-50 -40 -30 -20 -10 0 02 04 06 08 1 12 14 16 18 2 22
Input Amplitude (dBFS) Input Clock Amplitude, Differential (Vpp)
le =5 MHz le =5 MHz
Figure 14. Performance vs Input Signal Amplitude Figure 15. Performance vs Input Clock Amplitude
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72.5 THD | 875 = SFDR 3
@72 87 Z| @ 72 90 =
5 I 5
T 715 86.5 &S ) S
o 5 o @
s 7 86 £ g 71 85 2
o B o £
@ 705 855 O 2 c
2 o 0 =
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Z 70 8 5 z 70 80 &
2 £ 2 o
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s | & 4
(=2 = (=2}
» 69 84 & » 69 75 2
° 5
68.5 835 &
68 83 68 70
35 40 45 50 55 60 65 0.8 0.85 0.9 0.95 1 1.05 1.1
Input Clock Duty Cycle (%) Analog Input Common-Mode Voltage (V)
f|N:5MHZ f|N:5MHZ
Figure 16. Performance vs Input Clock Duty Cycle Figure 17. Performance vs Input Common-Mode
73 90 70.2
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2 4, o 5| 2 699 ——
& E & \\\
@ 705 80 < o 69.8
© a © ——
z 70 78 & z 69.7 \ \\\\
S L — @ ) . N~
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68 70 69.4
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Figure 18. Performance in External Reference Mode Figure 19. SNR vs AVDD and Temperature
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Typical Characteristics (continued)

Typical values are at 25°C, Vayppy = 1.8 V, V(ypp) = 1.8 V, 80-MSPS sampling clock frequency, 50% clock duty cycle, and

—1-dBFS differential analog input, unless otherwise noted.

85 70.2
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o 82— 2 69.9
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IS —]
c 81 2 69.8
O. / 'g —
$ 80 L 69.7 ==
@ o) Te—
U // :&s
8 79 V(avop) = 1.65 V S, 69.6
8 | L — Vavop) =17V a
2 78 Viavon) =18V 69.5
n —— Vavop) = 1.9V :
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Temperature (°C) Temperature (°C)
le =5 MHz le =5 MHz
Figure 20. SFDR vs AVDD and Temperature Figure 21. SNR vs DVDD and Temperature
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Temperature (°C) Temperature (°C)
fin =5 MHz A 0.7-Vpp 5-MHz sine-wave input is applied on the INx_P pin
The INx_M pin is connected to the device VCM pin
Figure 22. SFDR vs DVDD and Temperature Figure 23. SNR vs Temperature For Single-Ended Input
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A 0.7-Vpp 5-MHz sine-wave input is applied on the INx_P pin
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Figure 24. SFDR vs Temperature for Single-ended Input Figure 25. Integral Nonlinearity
Copyright © 2015-2017, Texas Instruments Incorporated Submit Documentation Feedback 15

Product Folder Links: VSP5324-Q1


http://www.ti.com/product/vsp5324-q1?qgpn=vsp5324-q1
http://www.ti.com
http://www.ti.com/product/vsp5324-q1?qgpn=vsp5324-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLES275A&partnum=VSP5324-Q1

VSP5324-Q1
SLES275A —JANUARY 2015-REVISED DECEMBER 2017

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)

Typical values are at 25°C, Vayppy = 1.8 V, V(ypp) = 1.8 V, 80-MSPS sampling clock frequency, 50% clock duty cycle, and

—1-dBFS differential analog input, unless otherwise noted.
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fin=3MHz  50-mVpp signal superimposed on the input
common-mode
Figure 26. Differential Nonlinearity Figure 27. CMRR vs Frequency
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Figure 28. Filter Response (Decimate-by-2) Figure 29. Filter Response (Decimate-by-4)
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Figure 30. Digital High-Pass Filter Response Figure 31. FFT for 5-MHz Input Signal
(Sample Rate = 80 MSPS With Decimation Filter = 2)
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Typical Characteristics (continued)

Typical values are at 25°C, Vayppy = 1.8 V, V(ypp) = 1.8 V, 80-MSPS sampling clock frequency, 50% clock duty cycle, and
—1-dBFS differential analog input, unless otherwise noted.
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Figure 32. FFT With HPF Enabled and Disabled Figure 33. FFT (Full-Band) for 5-MHz Input Signal
(No Input Signal) (Sample Rate = 80 MSPS With Low-Frequency Noise
Suppression Enabled)
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Figure 34. FFT (0 MHz to 1 MHz) for 5-MHz Input Signal Figure 35. FFT (39 MHz to 40 MHz) for 5-MHz Input Signal
(Sample Rate = 80 MSPS With Low-Frequency Noise (Sample Rate = 80 MSPS With Low-Frequency Noise
Suppression Enabled) Suppression Enabled)
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Figure 36. Analog Supply Current Figure 37. Power Consumption on Analog Supply
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Typical Characteristics (continued)

Typical values are at 25°C, Vayppy = 1.8 V, V(ypp) = 1.8 V, 80-MSPS sampling clock frequency, 50% clock duty cycle, and
—1-dBFS differential analog input, unless otherwise noted.

130 240
— Two-wire — Two-wire

120 | — one-wire 220 | —— One-wire
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Sampling Frequency (MHz) Sampling Frequency (MHz)
Figure 38. Digital Supply Current Figure 39. Power Consumption on Digital Supply
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7 Detailed Description

7.1 Overview

The VSP5324-Q1 device is a high-performance, 12-bit, quad-channel, analog-to-digital converter (ADC) with
sample rates up to 80 MSPS. The conversion process is initiated by a rising edge of the external input clock and
when the analog input signal is sampled. The sampled signal is sequentially converted by a series of small
resolution stages, with the outputs combined in a digital correction logic block. At every clock edge the sample
propagates through the pipeline, resulting in a data latency of 11 clock cycles. The output is available as 12-bit
data, in serial (low-voltage differential signaling) LVDS format, coded in either offset binary or binary twos
complement format.

7.2 Functional Block Diagrams
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1 1 ] 1
- - Device -
p— OUT1A P
IN1_P . erializer OUTIA M
-Bit Digital
ADC
ouTn
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|N4_P 12.i erializer 5 OUT4A_M
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DC Sync  Serializer
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Differential and |
Single-Ended CLKP Clock | | CLOCKGEN PLL LCOLKM
Input Clock | CLKM[ |- Buffer Frame Clock, 1x ADCLKP
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‘} ‘} A ADC Control
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Figure 40. Quad ADC, One-Lane Configuration
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Functional Block Diagrams (continued)
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Figure 41. Quad ADC, Two-Lane Configuration

7.3 Feature Description

7.3.1 Analog Input

The analog input consists of a switched-capacitor-based differential sample-and-hold architecture, as shown in
Figure 42. This differential topology results in very good AC performance even for high-input frequencies at high
sampling rates. The INx_P and INx_M pins must be externally biased around a common-mode voltage of 0.95 V,
available on the VCM pin. For a full-scale differential input, each input pin (INx_P, INx_M) must swing
symmetrically between VCM + 0.5 V and VCM - 0.5 V, resulting in a 2-Vpp differential input swing. The input
sampling circuit has a high 3-dB bandwidth that extends up to 550 MHz (measured from the input pins to the
sampled voltage).
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Feature Description (continued)
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Figure 42. Analog Input Equivalent Circuit

7.3.1.1 Large- and Small-Signal Input Bandwidth

The analog input circuit small-signal bandwidth is high, approximately 550 MHz. When using an amplifier to drive
the VSP5324-Q1 device, the total amplifier noise up to small-signal bandwidth must be considered. The device
large-signal bandwidth depends on the input signal amplitude. The VSP5324-Q1 device supports 2-Vpp
amplitude for input signal frequencies up to 80 MHz. For higher frequencies (greater than 80 MHz), the input
signal amplitude must be decreased proportionally. For example, at 160 MHz, the device supports a maximum of
1-Vpp signal.

7.3.2 Digital Processing Block

The VSP5324-Q1 device integrates a set of commonly-used digital functions that can be used to ease system
design such as test patterns and gain.

7.3.2.1 Digital Gain

The VSP5324-Q1 device includes programmable digital gain settings from O dB to 12 dB in 1-dB steps. The
benefit of digital gain is to obtain improved SFDR performance. SFDR improvement is achieved at the expense
of SNR; for each gain setting, SNR degrades by approximately 1 dB. Therefore, gain can be used to trade-off
between SFDR and SNR.

For each gain setting, the analog input full-scale range support scales proportionally, as shown in Table 1. After
reset, the device is in 0-dB gain mode. To use other gain settings, program the GAIN_CHx bits in registers 2Ah
(see the Register 2Ah (offset = 2Ah) [reset = 0] section) and 2Bh (see the Register 2Bh (offset = 2Bh) [reset = 0]
section).
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Table 1. Analog Input Full-
Scale Range Across Gains

DIGITAL GAIN FULL-SCALE
(dB) (Vep)
0 2
1 1.78
2 1.59
3 1.42
4 1.26
5 1.12
6 1.00
7 0.89
8 0.80
9 0.71
10 0.63
11 0.56
12 0.50

7.3.2.2 ADC Input Polarity Inversion

Normally, the INx_P pin represents the positive analog input pin and INx_M represents the complementary
negative input. Setting the INVERT_ CHJ4:1] bits listed in Table 2 (which provide individual control for each
channel) causes the inputs to be swapped. INN now represents the positive input and INx_P represents the
negative input.

Table 2. Polarity Inversion

AD(EEE)SS D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 D7 D6 D5 D4 | D3 D2 D1 DO
, ® | INVERT_ INVERT _ INVERT _ INVERT _
24 PRBS_SEED[22:16] X o X VR X | x VER X A

(1) X=don't care.

7.3.2.3 SYNC Function

The SYNC function can be used to synchronize the RAMP test patterns across channels. This function can be
enabled using either the hardware pin (SYNC) or software register bits.

To enable the software sync, set the register bit, EN_SYNC. To use the SYNC pin, set the EN_SYNC and
HARD_SYNC_TP register bits. Note that SYNC pin is disabled after reset.
7.3.2.4 Output Data Format

Two output data formats are supported: twos complement and offset binary. These modes can be selected using
the BTC_MODE serial interface register bit.

For a positive overload, the D[11:0] output data bits are FFFh in offset binary output format and 7FFh in twos
complement output format. For a negative input overload, the output code is 000h in offset binary output format
and 800h in twos complement output format.

22 Submit Documentation Feedback Copyright © 2015-2017, Texas Instruments Incorporated
Product Folder Links: VSP5324-Q1


http://www.ti.com/product/vsp5324-q1?qgpn=vsp5324-q1
http://www.ti.com
http://www.ti.com/product/vsp5324-q1?qgpn=vsp5324-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLES275A&partnum=VSP5324-Q1

13 TEXAS
INSTRUMENTS
VSP5324-Q1

www.ti.com SLES275A —JANUARY 2015—REVISED DECEMBER 2017

7.3.3 Serial LVDS Interface

The VSP5324-Q1 device offers several flexible output options which makes interfacing to an (application-specific
integrated circuit) ASIC or an (field-programmable gate array) FPGA easy. Each option can be easily
programmed using the serial interface. Table 3 lists a summary of all options. This table also lists the default
values after power-up and reset and a detailed description of each option. The output interface options are one-
lane and two-lane serialization, and are described in the One-Lane, 12x Serialization with DDR Bit Clock and 1x
Frame Clock and Two-Lane, 6x Serialization with DDR Bit Clock and 0.5x Frame Clock sections, respectively.

Table 3. Summary of Output Interface Options

AVAILABLE IN
ONE- TWO- DEFAULT AFTER
FEATURE OPTIONS LANE LANE RESET DESCRIPTION
One-lane: ADC data are sent serially
over one pair of LVDS pins
Lane interface One and two lanes Yes Yes One-lane Two-lane: ADC data are split and
sent serially over two pairs of LVDS
pins
Serialization factor 12x Yes No 12x —
. 6X Yes No 6Xx —
DDR bit clock frequency - -
3x No Yes — Only with two-lane interface
1x sample rate Yes No 1x —
Frame clock frequency - -
1/2x sample rate No Yes — Only with two-lane interface
Byte-wise No Yes Byte-wise These options are available only with
o : two-lane interface.

Bit-wise No Yes Byte-wise Byte wise: ADC data are split into
upper and lower bytes that are output
on separate lanes.

Bit sequence Bit wise: ADC data are split into even
Word-wise No Yes Byte-wise and odd bits that are output on
separate lanes.
Word wise: Successive ADC data
samples are sent over separate
lanes.

7.3.3.1 One-Lane, 12x Serialization with DDR Bit Clock and 1x Frame Clock

The 12-bit ADC data are serialized and output over one LVDS pair per channel along with a 6x bit clock and 1x
frame clock, as shown in Figure 43. The output data rate is 12x sample rate and is therefore suited for low
sample rates (typically up to 50 MSPS).

Input Clock
CLK Frequency = fg

Frame Clock
ADCLK Frequency = 1x fg

|
|
|
o D (1) | l
utput Data p11 \/ D10 \/ D9 D8 D7 D6 D5 D4 D3 D2 D1 po \/ p11 \/ D10
OUT1A, OUT2A, OUT3A, OUT4A oo) A o) A 02 A @3) A @4 A 05 A ©6) A ©7) A @8 A D9) A (d10) A O11) A (D0) A (D1)
Data Rate = 12x fg | |
l |

Bit Clock
LCLK Frequency = 6x fg

_:j_—____
5
<+
L
+——
L5

< >
¢ Sample N e Sample N + 1

(1) Upper number is the data bit in MSB-first mode. Lower number in parenthesis is the data bit in LSB-first mode.

Figure 43. LVDS Output Interface, One-Lane, 12x Serialization
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7.3.3.2 Two-Lane, 6x Serialization with DDR Bit Clock and 0.5x Frame Clock

In the two-lane serialization option, the 12-bit ADC data are serialized and output over two LVDS pairs per
channel. The output data rate is a 6x sample rate with a 3x bit clock and a 1x frame clock.

Compared to the one-line scenario, the two-line output data rate is half the amount. This difference allows the
device to be used up to the maximum sampling rate. Two-lane serialization is available in bit-, byte-, and word-
wise modes. Figure 44 shows the bit- and byte-wise modes and Figure 45 shows the word-wise mode.

Input Clock |
CLK Frequency = fg I I | I I I | |
I I I I I
FRAME Clock
ADCLKP, ADCLKM I I T
Frequency = 0.5x fg | Y i |

DDR Bit Clock | i I_II_I_I_I
LCLK Frequency = 3x fSg w v 1 I v 1 I I
I

( Q)]
Output Data Dﬂ D10 D11 D10
OuUT1B, OUT2B (D1) (D2 D3) (D4 D5) (DO) (D1) (D2) (D3) (D4) (D5)

OUT3B, OUT4B

@)
Output Data
OUT1A, OUT2A < (D6) >< (D7) (D8 X (D9) (D10 D11)X (D6) (D7) (DB) X (D9) D10)>< (D11)

| OUT3A, OUT4A

Byte-Wise Mode

(1)

I

Output Data'" |/ D10 D10

OUT1B, OUT2B, < (D1) >< (D3) >< (D5) X (D7) >< (D9) >< D11)>< (D1) >< (D3) >< (D5) X (D7) >< (D9) >< (D11)
I

OUT3B, OUT4B

Output Data'"® D11 D11
OUT1A, OUT2A, < >< (D2) >< (D4) X (D6) >< (D8) >< D10)X (DO) >< (D2) >< (D4) X (D6) >< (D8) >< (D10)

| OUT3A, OUT4A

Bit-Wise Mode

(1) The upper number is the data bit in MSB-first mode. The lower number in parenthesis is the data bit in LSB-first mode.
(2) The unshaded cells indicate sample N data. The shaded cells indicate sample N + 1 data.

Figure 44. LVDS Output Interface, Two-Lane, 6x Serialization, Byte-Wise and Bit-Wise Modes

Input Clock | I I I I | I_I
CLK Frequency = fq | I I I |

FRAME Clock IT f |

ADCLKP, ADCLKM
Frequency = 0.5x fg

I I I I
DDR Bit Clock
LCLK Frequency = 3x fg I_I_I I_I_f I_I | I_I_Ir |
M@ I I I
Output Data I D4 D5 D6 D7 D8
OUT1A, OUT2A (D11 (D1o D9) Ds) (D7) (D6) (D5) (D4) (D3)
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OuUT1B, OUT2B <(D11) (D10) (D9) X (D8) >< (D7) >< (D6) X (D5) >< (D4) >< (D3) >< (D2)

OUT3B, OUT4B | |

|
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=
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>§ X
AV

To
N ©
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)

E

[S]
<

Word-Wise Mode

(1) The upper number is the data bit in MSB-first mode. The lower number in parenthesis is the data bit in LSB-first mode.
(2) The unshaded cells indicate sample N data. The shaded cells indicate sample N + 1 data.

Figure 45. LVDS Output Interface, Two-Lane, 6x Serialization, Word-Wise Mode
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7.3.4 Bit Clock Programmability

The VSP5324-Q1 output interface is normally a DDR interface with the LCLK rising and falling edge transitions in
the middle of alternate data windows. Figure 46 shows this default phase.

ADCLKP

LCLKP

OUTxy_P

Figure 46. LCLK Default Phase (PHASE_DDR[1:0] = 10)

The LCLK phase can be programmed relative to the output frame clock and data using the PHASE_DDRJ[1:0]
bits in Table 4. Figure 47 shows the LCLK phase modes.

Table 4. Clock Programmability

AD(aEE)SS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
EN_REF_ | @ . EN_REF_
42 VCMO X X X X X X X X PHASE_DDRJ[1:0] X VCML X X X
(1) X=don' care.
ADCLKP ADCLKP
LCLKP LCLKP
OUTxy_P OUTxy_P
a) PHASE_DDR[1:0] = 00 b) PHASE_DDR([1:0] = 10
ADCLKP ADCLKP
LCLKP LCLKP
OUTxy_P OUTxy_P
¢) PHASE_DDR{[1:0] = 01 d) PHASE_DDR[1:0] = 11
Figure 47. LCLK Phase Programmability Modes
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7.3.5 LVDS Output Data and Clock Buffers

Figure 48 shows the equivalent circuit of each LVDS output buffer. After reset, the buffer presents a 100-Q
output impedance to match the external 100-Q termination.

The V|p voltage is nominally 350 mV, resulting in an output swing of +350 mV with 100-Q external termination.
The buffer output impedance behaves in the same way as a source-side series termination. By absorbing
reflections from the receiver end, the buffer helps improve signal integrity.

Device

[

Low

6<
)
N

High

OUTxy_P
External
100-Q Load

== OUTxy_M

A
N
()
Y

Figure 48. LVDS Buffer Equivalent Circuit

7.4 Device Functional Modes

7.4.1 External Reference Mode Of Operation

The VSP5324-Q1 device supports an external reference mode of operation either by:
» Forcing the reference voltages on the REFT and REFB pins, or by
» Applying the reference voltage on the VCM pin.

This mode can be used to operate multiple VSP5324-Q1 chips with the same (externally applied) reference
voltage.

7.4.1.1 Using the REF Pins

For normal operation, the device requires two reference voltages, REFT and REFB. By default, the device
generates these two voltages internally. To enable the external reference mode, set the register bits as listed in
Table 5. This procedure powers down the internal reference amplifier and the two reference voltages can be
forced directly on the REFT and REFB pins as (V(gger) = 1.45 V £ 50 mV) and (V(ggrg) = 0.45 V 50 mV).

Use to calculate the relationship between the ADC full-scale input voltage (Vgs) and the applied reference
voltages.

Ves = 2 X (Virerr) — Virers)) (1)
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Device Functional Modes (continued)
7.4.1.2 Using the VCM Pin

In this mode, an external reference voltage (VREFIN) can be applied to the VCM pin. UseEquation 2 to calculate
the relationship between the ADC full-scale input voltage and VREFIN.

Vis = 2 x VREFIN @

To enable this mode, set the register bits as listed in Table 5. This action changes the function of the VCM pin to
an external reference input pin. The voltage applied on VCM must be 1.5 V 50 mV.

Table 5. External Reference Function

FUNCTION EN_HIGH_ADDRS EN_EXT_REF EXT_REF_VCM
External reference using the REFT and REFB pins 1 1 00
External reference using the VCM pin 1 1 11

7.5 Programming

7.5.1 Serial Interface

The VSP5324-Q1 device has a set of internal registers that can be accessed by the serial interface formed by
the CS (serial interface enable), SCLK (serial interface clock), and SDATA (serial interface data) pins. When CS
is low the following occurs:

» The serial shift of bits into the device is enabled.

» Serial data (on the SDATA pin) are latched at every SCLK rising edge.

» The serial data are loaded into the register at every 24th SCLK rising edge.

If the word length exceeds a multiple of 24 bits, the excess bits are ignored. Data can be loaded in multiples of
24-bit words within a single active CS pulse.

The first eight bits form the register address and the remaining 16 bits form the register data. The interface can
function with SCLK frequencies from 15 MHz down to very low speeds (of few Hertz) and also with a non-50%
SCLK duty cycle.

7.5.2 Register Initialization

After power-up, the internal registers must be initialized to the default values. This reset can be accomplished in
one of two ways:

1. A hardware reset is applied by a low-going pulse on the RESET pin (widths greater than 10 ns), as shown in
Figure 3 and Serial Interface Timing Requirements.

2. A software reset is applied by using the serial interface and setting the RST bit (register 00h, bit DO) high.
This setting initializes the internal registers to default values and then self-resets the RST bit low. In this
case, the RESET pin is kept high (inactive).

See the Serial Interface Timing Requirements section and Figure 3 for timing information.

7.5.3 Serial Register Readout

The device includes a mode where the contents of the internal registers can be readback on the SDOUT pin, as
shown in Figure 49. This mode can useful as a diagnostic check to verify the serial interface communication
between the external controller and ADC.

By default, after power-up and device reset, the SDOUT pin is high-impedance. When readout mode is enabled
using the READOUT register bit, the SDOUT pin outputs the contents of the selected register serially in the
following sequence:

1. The READOUT register bit must be set to 1 in order for the device to enter readout mode. This setting
disables any further writes into the internal registers, except for the register at address 01h. Note that the
READOUT bit is also located in this register. The device can exit readout mode by writing the READOUT bit
to 0. Only the register contents of address 01h are unable to be read in register readout mode.

2. The read cycle is initiated by clocking the register address A[7:0] on the SDIN pin.
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Programming (continued)

3. The device serially outputs the contents (D[15:0]) of the selected register on the SDOUT pin.
4. The external controller latches the contents at the SCLK rising edge.

5. The READOUT register bit is set to 0 to exit serial readout mode, which enables all registers of the device to
be written to. At this point, the SDOUT pin enters a high-impedance state.

L Register Address (A[7:0]) = 01h L Register Data (D[15:0]) = 0001h ol
I it g
| | |
SDATA KX XX e XX X X R X X o X o X o X X o X e X o X e X e X o X e X o X e X
SCLK
Pin SDOUT becomes active
SDOUT  — e e e Pin SDOUT is in the high-impedance state. ____ _ _ __ _ ___ __________ \ and forces low.

a) Enable Serial Readout (READOUT = 1)

Register Address (A[7:0]) = OFh | Register Data (D[15:0]) = XXXX (don’t care)
1)

SDATA
Y SR W W W W W W W W W p W W W a W W W W W U yR Wl o

-K
) A

|

SDOUT 0 0 0 0 0 0 0 0 0 0 0 o 0 0 1 0 0 0 0 0 0 0 0 0

Pin SDOUT outputs contents of register 0xOF in the same cycle, MSB first.
b) Read contents of register OFh. This register is initialized with 0200h (previously, the device was in global power down).

Figure 49. Serial Readout Timing

After reset, the device default states include the following:

» The device is in normal operation mode with 12x serialization enabled for all channels.

» Output interface is one-lane, 12x serialization with a 6x bit clock and a 1x frame clock frequency.
» Data format is LSB-first and offset binary.

» Serial readout is disabled.

« The PD pin is configured as a global power-down pin.

» Digital gain is set to 0 dB.
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7.6 Register Maps

Table 6. Serial Register Memory Map

ADDRESS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
00 x® X X X X X X X X X X X X X X RST
EN_HIGH_
o1 X X X X X X X X X X X e X X X READOUT
02 X X EN_SYNC X X X X X X X X X X X X X
0A RAMP_PAT_RESET VAL
PDN_PIN PDN_ PDN
oF X X X X X _PIN_ com _ PDN_CH4 X PDN_CH3 X PDN_CH?2 X PDN_CH1 X
CFG PARTIAL
PLETE
14 X X X X X X X X LFNS_CH4 X LFNS_CH3 X X LFNS_CH?2 X LFNS_CH1
EN_
1c X FRAME_ ADCLKOUTI[11:0] X X
PAT
23 PRBS_SEED[15:0]
, INVERT_ INVERT_ INVERT_ INVERT_
24 PRBS_SEED[22:16] X ) X o X X pAn X o
PRBS
_ DUAL SINGLE
HARD_ SEED_ PRBS_ TP_SOFT_ _ _ , i
25 SN TP | ROMT X iy X X X Y X EN_RAMP | CUSTOM_ | CUSTOM_ | BITS CUSTOMZ2[13:12] | BITS_CUSTOM1[13:12]
PAT PAT
REG
26 BITS_CUSTOM1[9:0] X
27 BITS_CUSTOM2[9:0] X
28 EN_BIT X X X X X X BIT_WISE EN_WORDWISE_BY_CH[7:0]
ORDER - a _BY_CHI7:
GLOBAL_
29 X X X X X X X X X X X X X X EN PITER X
2A GAIN_CH2[3:0] GAIN_CH1[3:0]
2B GAIN_CH3[3:0] GAIN_CH4[3:0]
2E X HPF_EN_ HPF_CORNER _CH1[3:0] FILTERL_COEFF_SET[2:0] FILTERL_RATE[2:0] X ODD_TAP1 X USE_
ch1 - ~CH1fE: - _SET[2: - : - FILTERL
HPF_EN_ ] , ] USE_
30 X o HPF_CORNER _CH2[3:0] FILTER2_COEFF_SET[2:0] FILTER2_RATE[2:0] X ODD_TAP2 X e
HPF_EN_ . ) . USE_
33 X i HPF_CORNER _CH3[3:0] FILTER3_COEFF_SET[2:0] FILTER3_RATE[2:0] X ODD_TAP3 X e
HPF_EN_ . . . USE_
35 X i HPF_CORNER _CH4[3:0] FILTER4_COEFF_SET[2:0] FILTER4_RATE[2:0] X ODD_TAP4 X e
38 X X X X X X X X X X X X X X DATA_RATE[L0]
(1) X =don' care.
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Register Maps (continued)
Table 6. Serial Register Memory Map (continued)
ADDRESS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 | D5 D4 D3 D2 D1 DO
EN_REF_ . EN_REF_
42 VoMo X X X X X X X X PHASE_DDRI[1:0] X VoML X X X
45 X X X X X X X X X X X X X X PAT sync | PAT.
E DESKEW
46 ENABLE 46 X FALL_SDR X EN_16BIT | EN_14BIT | EN_12BIT X X X X EN_SDR MSB_ BTC_ X EN_2LANE
= — — — — FIRST MODE =
50 ENABLE 50 X X X X X X X MAP_CH12_TO_OUT1B[3:0] MAP_CH12_TO_OUT1A[3:0]
51 ENABLE 51 X X X MAP_CH12_TO_OUT2B[3:0] MAP_CH12_TO_OUT2A[3:0] X X X
53 ENABLE 53 X X X MAP_CH34_TO_OUT3B[3:0] X X X X X X X
54 ENABLE 54 X X X X X X X X X X MAP_CH34_TO_OUT3A[3:0]
55 ENABLE 55 X X X X X X MAP_CH34_TO_OUT4A[3:0] MAP_CH34_TO_OUT4B[3:0]
EN_EXT_
FO REF X X X X X X X X X X X X X X X
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7.6.1 Serial Registers

7.6.1.1 Register 00h (offset = 00h) [reset = 0]
This is a general register.

Figure 50. Register 00h

D15 D14 D13 D12 D11 D10 D9 D8
X
W-0
D7 D6 D5 D4 D3 D2 D1 DO
X RST
W-0 W-0
Table 7. Register 00h Field Descriptions
Bit Field Type Reset Description
D15-D1 |X W 0 Don't care bits
DO RST w 0 Reset
0 = Normal operation (default)
1 = Self-clearing software reset (after reset, this bit is set to
0)

7.6.1.2 Register 01h (offset = 01h) [reset = 0]
This is a general register.

Figure 51. Register 01h

D15 D14 D13 D12 D11 D10 D9 D8
X
W-0
D7 D6 D5 D4 D3 D2 D1 DO
X EN_HIGH_ADD X READOUT
RS
W-0 W-0 W-0 W-0
Table 8. Register 01h Field Descriptions
Bit Field Type Reset Description
D15-D5 | X w 0 Don't care bits
D4 EN_HIGH_ADDRS w 0 Register FOh access
0 = Disables access to register FOh (default)
1 = Enables access to register FOh
D3-D1 | X w 0 Don't care bits
Do READOUT w 0 Register mode readout
0 = Normal operation (default)
1 = Register mode readout
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7.6.1.3 Register 02h (offset = 02h) [reset = 0]
This is a general register.
Figure 52. Register 02h
D15 D14 D13 D12 D11 D10 D9 D8
X EN_SYNC | X
R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X
R/W-0

Table 9. Register 02h Field Descriptions

Bit Field Type Reset Description
D15-D14 | X R/W 0 Don't care bits
D13 EN_SYNC R/W 0

SYNC enable®
0 = Normal operation; SYNC feature disabled (default)

1 = SYNC feature enabled to synchronize test patterns
D12-DO | X R/W 0 Don't care bits

(1) This bit must be set to 1 when the software or hardware SYNC feature is used; see bits D15 and D8 in the Register 25h (offset = 25h)
[reset = 0] section.

7.6.1.4 Register OAh (offset = OAh) [reset = 0]
This is a general register.

Figure 53. Register OAh

D15 D14 D13 D12 D11 D10 D9 DS
RAMP_PAT RESET VAL
RIW-0
D7 D6 D5 D4 D3 D2 D1 DO
RAMP_PAT RESET VAL
RIW-0

Table 10. Register 0Ah Field Descriptions

Bit Field Type Reset Description
D15-DO | RAMP_PAT_RESET_VAL R/W 0 These bits determine the initial value of the ramp pattern after
reset.
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7.6.1.5 Register OFh (offset = OFh) [reset = Q]
This is a power-down mode register. All bits default to O after reset.
Figure 54. Register OFh
D15 D14 D13 D12 D11 D10 D9 D8
X PDN_PIN_CFG PDN_ PDN_PARTIAL
COMPLETE
R/W-0 R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
PDN_CH4 X | PDN_CH3 | X | PDN_CH2 X PDN_CH1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 11. Register OFh Field Descriptions
Bit Field Type Reset Description
D15-D11 | X R/W 0 Don't care bits
D10 PDN_PIN_CFG RIW 0 PD pin configuration
0 = PD pin configured for complete power-down mode
1 = PD pin configured for partial power-down mode
D9 PDN_ COMPLETE R/W 0 Complete power-down
0 = Normal operation
1 = Register mode for complete power-down (slower
recovery)
D8 PDN_PARTIAL R/W 0 Partial power-down
0 = Normal operation
1 = Partial power-down mode (fast recovery from power-
down)
b7 PDN_CH4 RIW 0 ADC power-down mode for channel 4
0 = Normal operation
1 = Partial power-down mode (fast recovery from power-
down)
D6 X R/IW 0 Don't care bit
D5 PDN_CH3 Riw 0 ADC power-down mode for channel 3
0 = Normal operation
1 = ADC power-down mode for channel 3
D4-D3 | X R/IW 0 Don't care bits
b2 PDN_CH2 RIW 0 ADC power-down mode for channel 2
0 = Normal operation
1 = ADC power-down mode for channel 2
D1 X R/W 0 Don't care bit
Do PDN_CH1 RIW 0 ADC power-down mode for channel 1
0 = Normal operation
1 = ADC power-down mode for channel 1
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7.6.1.6 Register 14h (offset = 14h) [reset = 0]
This is a general register.

Figure 55. Register 14h

D15 D14 D13 D12 D11 D10 D9 D8
X
R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
LFNS_CH4 X | LFNS CH3 | X | LFNS_CH2 X LFNS_CH1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 12. Register 14h Field Descriptions
Bit Field Type Reset Description
D15-D8 | X R/W 0 Don't care bits
b7 LFNS_CH4 RW 0 Noise-suppression mode selection for channel 4
0 = LFNS disabled (default)
1 = Low-frequency noise-suppression mode enable for
channel 4
D6 X R/W 0 Don't care bit
D5 LFNS_CH3 RIW 0 Noise-suppression mode selection for channel 3
0 = LFNS disabled (default)
1 = Low-frequency noise-suppression mode enable for
channel 3
D4-D3 | X R/W 0 Don't care bits
D2 LFNS_CH2 RIW 0 Noise-suppression mode selection for channel 2
0 = LFNS disabled (default)
1 = Low-frequency noise-suppression mode enable for
channel 2
D1 X R/W 0 Don't care bit
Bl LFNS_CH1 RIiW 0 Noise-suppression mode selection for channel 1
0 = LFNS disabled (default)
1 = Low-frequency noise-suppression mode enable for
channel 1
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7.6.1.7 Register 1Ch (offset = 1Ch) [reset = 0]
This is a test pattern register. All bits default to O after reset.

Figure 56. Register 1Ch

D15 D14 D13 D12 D11 D10 D9 D8
X EN_FRAME_P ADCLKOUT[11:0]
AT
R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
ADCLKOUT[11:0] X
R/W-0 R/W-0
Table 13. Register 1Ch Field Descriptions
Bit Field Type Reset Description
D15 X R/W 0 Don't care bit
D14 EN_FRAME_PAT R/W 0 Frame pattern enable
0 = Normal frame clock operation
1 = Enables the output frame clock to be programmed
through a pattern
D13-D2 | ADCLKOUT[11:0] RIW 0 ADCLK pin frame clock pattern
These bits determine the 12-bit pattern for the frame clock on
the ADCLKP and ADCLKN pins.
D1-DO | X R/W 0 Don't care bits

7.6.1.8 Register 23h (offset = 23h) [reset = 0]

This is a test pattern register.

Figure 57. Register 23h

D15 D14 D13 D12 D11 D10 D9 D8
PRBS_SEED[15:0]
R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
PRBS_SEED[15:0]
R/W-0
Table 14. Register 23h Field Descriptions
Bit Field Type Reset Description
D15-DO | PRBS_SEEDI[15:0] RW 0 PRBS pattern seed value, lower bits

These bits determine the PRBS pattern starting seed value of
the lower 16 bits. (Default = 0)
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7.6.1.9 Register 24h (offset = 24h) [reset = 0]
This is a test pattern register. All bits default to O after reset.
Figure 58. Register 24h
D15 D14 D13 D12 D11 D10 D9 D8
PRBS_SEED[22:16] | X
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
INVERT_CH4 X | INVERT_CH3 | X | INVERT_CH2 X | INVERT_CH1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 15. Register 24h Field Descriptions
Bit Field Type Reset Description
D15-D9 |PRBS_SEED[22:16] RIW 0

PRBS pattern seed value, upper bits

These bits determine the PRBS pattern starting seed value of
the upper seven bits.

D8 X R/W 0 Don't care bit
D7 INVERT_CH4 R/W

Analog input pin polarity for channel 4
0 = Normal configuration (default)

1 = Electrically swaps the analog input pin polarity for
channel 4

D6 X R/W 0 Don't care bit
D5 INVERT_CH3 R/W

Analog input pin polarity for channel 3
0 = Normal configuration (default)

1 = Electrically swaps the analog input pin polarity for
channel 3

D4-D3 X R/W 0 Don't care bits
D2 INVERT_CH2 R/W

Analog input pin polarity for channel 2
0 = Normal configuration (default)

1 = Electrically swaps the analog input pin polarity for
channel 2

D1 X R/W 0 Don't care bit
DO INVERT_CH1 R/W

Analog input pin polarity for channel 1
0 = Normal configuration (default)

1 = Electrically swaps the analog input pin polarity for
channel 1
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7.6.1.10 Register 25h (offset = 25h) [reset = 0]

This is a test pattern register. All bits default to O after reset.

Figure 59. Register 25h

D15 D14 D13 D12 D11 D10 D9 D8
HARD_SYNC_ | PRBS_SEED_ | PRBS_MODE_ | PRBS_TP_EN X TP_SOFT_SYN
TP FROM_REG 2 C
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X EN_RAMP DUAL_CUSTO | SINGLE_CUST BITS_CUSTOM2[13:12] BITS_CUSTOM1[13:12]
M_PAT OM_PAT
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 16. Register 25h Field Descriptions
Bit Field Type Reset Description
D15 HARD_SYNC_TP RW 0 Sync test pattern selection
0 = Inactive
1 = External SYNC feature enabled for syncing test
patterns
D14 PRBS_SEED_FROM_REG R/W 0 PRBS seed selection
0 = Disabled
1 = Selection of PRBS seed from registers 23h and 24h
enabled
D13 PRBS_MODE_2 RIW 0 PRBS mode selection
This bit sets the PRBS mode of the 9-bit LFSR (the 23-bit LFSR
is default).
D12 PRBS_TP_EN RIW 0 PRBS test pattern selection
0 = PRBS test pattern disabled
1 = PRBS test pattern enable bit
D11-D9 | X R/W 0 Don't care bits
D8 TP_SOFT_SYNC RIW 0 Test pattern software sync
0 = No sync
1 = Software sync bit for test patterns on all eight channels
D7 X R/W 0 Don't care bit
D6 EN_RAMP RIW 0 Ramp pattern enable
0 = Normal operation
1 = Enables a repeating full-scale ramp pattern on the
outputs. Ensure that bits D4 and D5 are 0.
D5 DUAL_CUSTOM_PAT RW 0 Output toggles between two codes
0 = Normal operation
1 = Enables mode where the output toggles between two
defined codes. Ensure that bits D4 and D6 are 0.
D4 SINGLE_CUSTOM_PAT R/W 0 Output is defined code
0 = Normal operation
1 = Enables mode where the output is a constant specified
code. Ensure that bits D5 and D6 are 0.
D3-D2 | BITS_CUSTOMZ2[13:12] RIW 0 MSB selection for dual patterns
These bits determine two MSBs for the second code of the dual
custom patterns.
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Table 16. Register 25h Field Descriptions (continued)
Bit Field Type Reset Description
D1-DO |BITS_CUSTOM1[13:12] RIW 0

MSB selection for single patterns

These bits define two MSBs for the single custom pattern (and
for the first code of the dual custom patterns).

7.6.1.11 Register 26h (offset = 26h) [reset = 0]
This is a test pattern register.

Figure 60. Register 26h

D15 D14 D13 D12 D11 D10 D9 D8
BITS_CUSTOMZ1[9:0]
RIW-0
D7 D6 D5 D4 D3 D2 D1 DO
BITS_CUSTOML[9:0] \ X
R/W-0 R/W-0

Table 17. Register 26h Field Descriptions

Bit Field Type Reset Description
D15-D6 |BITS_CUSTOM1[9:0] RIW 0

Lower single custom pattern bits

These bits determine the 10 lower bits for the single custom
pattern (and the first code of the dual custom pattern).

D5-D0O X R/W 0 Don't care bits

7.6.1.12 Register 27h (offset = 27h) [reset = 0]
This is a test pattern register.

Figure 61. Register 27h

D15 D14 D13 D12 D11 D10 D9 D8
BITS_CUSTOM2[9:0]
RIW-0
D7 D6 D5 D4 D3 D2 D1 DO
BITS_CUSTOM2[9:0] \ X
RIW-0 RIW-0

Table 18. Register 27h Field Descriptions

Bit Field Type Reset Description
D15-D6 |BITS_CUSTOMZ2[9:0] R/W 0 Lower dual custom pattern bits

These bits determine the 10 lower bits for the second code of
the dual custom pattern.

D5-D0 X R/W 0 Don't care bits
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7.6.1.13 Register 28h (offset = 28h) [reset = 0]
This is an output interface mode register. All bits default to O after reset.

Figure 62. Register 28h

D15 D14 D13 D12 D11 D10 D9 D8
EN_BITORDER X BIT_WISE
R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
EN_WORDWISE_BY_CH[7:0]
R/W-0
Table 19. Register 28h Field Descriptions
Bit Field Type Reset Description
D15 | EN_BITORDER RIW 0 Bit order enable®
This bit enables the bit order output in two-lane mode.
0 = Byte-wise
1 = Word-wise
D14-D9 | X R/W 0 Don't care bit
D8 BIT_WISE RW 0 Bit- or byte-wise selection
This bit selects between byte-wise and bit-wise format.
0 = Byte-wise, the upper bits come are on one lane and the
lower bits are on other lane
1 = Bit-wise, the odd bits come out on one lane and the
even bits come out on other lane
b7-DO EN_WORDWISE_BY_CH[7:0] RIW 0 Word-wise enable with channels 7 to 0

0 = Data comes out in two-lane mode with the upper set of
bits on one channel and the lower set of bits on the other
channel
1 = Output format is one sample on one LVDS lane with
the next sample on the other LVDS lane

(1) This bit must set 1 to enable bits D[8:0].

7.6.1.14 Register 29h (offset = 29h) [reset = 0]
This is a digital filter mode register. All bits default to O after reset.

Figure 63. Register 29h

D15 D14 D13 D12 D11 D10 D9 D8
X
R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X GLOBAL_EN_F X
ILTER
R/W-0 R/W-0 R/W-0
Table 20. Register 29h Field Descriptions
Bit Field Type Reset Description
D15-D2 | X R/W 0 Don't care bits
D1 GLOBAL_EN_FILTER RIW 0 Filter block enable
0 = Inactive
1 = Global control filter blocks enabled
DO X R/W 0 Don't care bit
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7.6.1.15 Register 2Ah (offset = 2Ah) [reset = 0]
This is a digital gain mode register. All bits default to O after reset.

Figure 64. Register 2Ah

D15 D14 D13 D12 D11 D10 D9 D8
X \ GAIN_CH2[3:0]
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X \ GAIN_CH1[3:0]
R/W-0 R/W-0
Table 21. Register 2Ah Field Descriptions
Bit Field Type Reset Description
D15-D12 | X R/W 0 Don't care bits
D11-D8 | GAIN_CH2[3:0] RIW 0 Channel 2 gain
These bits set the programmable gain of channel 2
D7-D4 | X R/IW 0 Don't care bits
D3-DO | GAIN_CH3[3:0] R/IW 0 Channel 1 gain
These bits set the programmable gain of channel 1

7.6.1.16 Register 2Bh (offset = 2Bh) [reset = 0]
This is a digital gain mode register. All bits default to 0 after reset.

Figure 65. Register 2Bh

D15 D14 D13 D12 D11 D10 D9 D8
X \ GAIN_CH3[3:0]
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X \ GAIN_CH4[3:0]
R/W-0 R/W-0
Table 22. Register 2Bh Field Descriptions
Bit Field Type Reset Description
D15-D12 | X R/W 0 Don't care bits
D11-D8 | GAIN_CH3[3:0] RIW 0 Channel 3 gain
These bits set the programmable gain of channel 3
D7-D4 | X R/W Don't care bits
D3-DO | GAIN_CH4[3:0] RIW 0 Channel 4 gain
These bits set the programmable gain of channel 4
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7.6.1.17 Register 2Eh (offset = 2Eh) [reset = 0]

This is a digital filter mode register. All bits default to O after reset.

Figure 66. Register 2Eh

D15 D14 D13 D12 D11 D10 D9 D8
X HPF_EN_CH1 HPF_CORNER _CH1[3:0] FILTER1_COEFF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
FILTER1_COE FILTER1_RATE[2:0] X ODD_TAP1 X USE_FILTER1
FF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 23. Register 2Eh Field Descriptions
Bit Field Type Reset Description
D15 X R/W 0 Don't care bit
D14 HPF_EN_CH1 RIW 0 Channel 1 HPF filter enable
0 = Disabled
1 = HPF filter enable for channel 1
D13-D10 | HPF_CORNER _CH1[3:0] R/W 0 HPF corner for channel 1
These bits set the HPF corner in values from 2k to 10k.
D9-D7 | FILTER1_COEFF_SET[2:0] R/W 0 Filter 1 coefficient set
These bits select the stored coefficient set for filter 1.
D6-D4 FILTER1_RATE[2:0] RIW 0 Filter 1 decimation factor
These bits set the decimation factor for filter 2.
D3 X R/W 0 Don't care bit
D2 ODD_TAP1 R/W 0 Filter 1 odd tap
This bit uses odd tap filter 1.
D1 X R/W 0 Don't care bit
DO USE_FILTER1 R/W 0 Channel 1 filter
0 = Disabled
1 = Enables filter for channel 1
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7.6.1.18 Register 30h (offset = 30h) [reset = 0]
This is a digital filter mode register. All bits default to O after reset.
Figure 67. Register 30h
D15 D14 D13 D12 D11 D10 D9 D8
X HPF_EN_CH2 HPF_CORNER _CH2[3:0] FILTER2_COEFF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
FILTER2_COE FILTER2_RATE[2:0] X ODD_TAP2 X USE_FILTER2
FF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 24. Register 30h Field Descriptions
Bit Field Type Reset Description
D15 X R/W 0 Don't care bit
D14 HPF_EN_CH2 Riw 0 Channel 2 HPF filter enable
0 = Disabled
1 = HPF filter enable for channel 2
D13-D10 | HPF_CORNER _CH2[3:0] RIW 0 HPE corner for channel 2
These bits set the HPF corner in values from 2k to 10k.
D9-D7 | FILTER2_COEFF_SET[2:0] RIW 0 Filter 2 coefficient set
These bits select the stored coefficient set for filter 2.
D6-D4 FILTER2_RATE[2:0] Riw 0 Filter 2 decimation factor
These bits set the decimation factor for filter 2.
D3 X R/W 0 Don't care bit
D2 ODD_TAP2 RIW 0 Filter 2 odd tap
This bit uses odd tap filter 2.
D1 X R/W 0 Don't care bit
DO USE_FILTER2 R/W 0 Channel 2 filter
0 = Disabled
1 = Enabiles filter for channel 2
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7.6.1.19 Register 33h (offset = 33h) [reset = 0]

This is a digital filter mode register. All bits default to O after reset.

Figure 68. Register 33h

D15 D14 D13 D12 D11 D10 D9 D8
X HPF_EN_CH3 HPF_CORNER _CH3J[3:0] FILTER3_COEFF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
FILTER3_COE FILTER3_RATE[2:0] X ODD_TAP3 USE_FILTER3
FF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 25. Register 33h Field Descriptions
Bit Field Type Reset Description
D15 X R/W 0 Don't care bit
D14 HPF_EN_CHS3 RIW 0 Channel 3 HPF filter enable
0 = Disabled
1 = HPF filter enable for channel 3
D13-D10 | HPF_CORNER _CH3[3:0] R/W 0 HPF corner for channel 3
These bits set the HPF corner in values from 2k to 10k.
D9-D7 | FILTER3_COEFF_SET[2:0] R/W 0 Filter 3 coefficient set
These bits select the stored coefficient set for filter 3.
D6-D4 FILTER3_RATE[2:0] RIW 0 Filter 3 decimation factor
These bits set the decimation factor for filter 3.
D3 X R/W 0 Don't care bit
D2 ODD_TAP3 R/W 0 Filter 3 odd tap
This bit uses odd tap filter 3.
D1 X R/W 0 Don't care bit
DO USE_FILTER3 R/W 0 Channel 3 filter
0 = Disabled
1 = Enables filter for channel 3
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7.6.1.20 Register 35h (offset = 35h) [reset = 0]
This is a digital filter mode register. All bits default to O after reset.
Figure 69. Register 35h
D15 D14 D13 D12 D11 D10 D9 D8
X HPF_EN_CH4 HPF_CORNER _CH4[3:0] FILTER4_COEFF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
FILTER4_COE FILTER4_RATE[2:0] X ODD_TAP4 X USE_FILTER4
FF_SET[2:0]
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Table 26. Register 35h Field Descriptions
Bit Field Type Reset Description
D15 X R/W 0 Don't care bit
D14 HPF_EN_CH4 Riw 0 Channel 4 HPF filter enable
0 = Disabled
1 = HPF filter enable for channel 4
D13-D10 | HPF_CORNER _CH4[3:0] RIW 0 HPE corner for channel 4
These bits set the HPF corner in values from 2k to 10k.
D9-D7 | FILTER4_COEFF_SET[2:0] RIW 0 Filter 4 coefficient set
These bits select the stored coefficient set for filter 4.
D6-D4 FILTER4_RATE[2:0] Riw 0 Filter 4 decimation factor
These bits set the decimation factor for filter 4.
D3 X R/W 0 Don't care bit
D2 ODD_TAP4 RIW 0 Filter 4 odd tap
This bit uses odd tap filter 4.
D1 X R/W 0 Don't care bit
DO USE_FILTER4 R/W 0 Channel 4 filter
0 = Disabled
1 = Enabiles filter for channel 4

7.6.1.21 Register 38h (offset = 38h) [reset = 0x0000]

This is an output interface mode register.

Figure 70. Register 38h

D15 D14 D13 D12 D11 D10 D9 D8
X
RIW-
D7 D6 D5 D4 D3 D2 D1 DO
X DATA_RATE[1:0]
RIW- RIW-

Table 27. Register 38h Field Descriptions

Bit Field Type Reset Description
D15-D2 | X R/W 0 Don't care bits
D1-DO DATA_RATE[1:0] R/W 0 Clock rate selection
These bits select the output frame clock rate. (Default = 0)
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7.6.1.22 Register 42h (offset = 42h) [reset = 0]

This is an output interface mode register.

Figure 71. Register 42h

D15 D14 D13 D12 D11 D10 D9 D8
EN_REF_VCM X
0
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X PHASE_DDR[1:0] X EN_REF_VCM X
1
R/W-0 RIW-0 R/W-0 R/W-0 R/W-0

Table 28. Register 42h Field Descriptions

Bit Field Type Reset Description
D15 EN_REF_VCMO RW 0 To enable the external reference mode, the EN_EXT_REF
register bit (register FOh) must be set to 1.
00 = In external reference mode, apply the reference on the
REFT, REFB pins
01, 10 = Don't use
11 = In external reference mode, apply the reference on the
VCM pin
D14-D7 | X R/W 0 Don't care bits
D6-D5 PHASE_DDR[1:0] R/W 0 These bits control the LCLK output phase relative to data.
(Default = 10)
D4 X R/W 0 Don't care bit
b3 EN_REF_VCM1 RIW 0 To enable the external reference mode, the EN_EXT_REF
register bit (register FOh) must be set to 1.
00 = In external reference mode, apply the reference on the
REFT, REFB pins
01, 10 = Don't use
11 = In external reference mode, apply the reference on the
VCM pin
D2-D0 | X R/W 0 Don't care bits
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7.6.1.23 Register 45h (offset = 45h) [reset = 0]
This is a test pattern register. All bits default to O after reset.
Figure 72. Register 45h
D15 D14 D13 D12 D11 D10 D9 D8
X
R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X PAT_SYNC PAT_DESKEW
R/W-0 R/W-0 R/W-0
Table 29. Register 45h Field Descriptions
Bit Field Type Reset Description
D15-D2 | X R/W 0 Don't care bits
b1 PAT_SYNC RW 0 Sync pattern enable
0 = Inactive
1 = Sync pattern mode enabled; ensure that DO is O
Do PAT_DESKEW RIW 0 Deskew pattern enable
0 = Inactive
1 = Deskew pattern mode enabled; ensure that D1 is O

7.6.1.24 Register 46h (offset = 46h) [reset = 0]
This is an output interface mode register. All bits default to O after reset.

Figure 73. Register 46h

D15 D14 D13 D12 D11 D10 D9 D8
ENABLE 46 X FALL_ SDR | X | EN_16BIT | EN 14BIT | EN 12BIT | X
RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
D7 D6 D5 D4 D3 D2 D1 DO

X | EN_SDR | MSB_FIRST | BTC_MODE | X | EN_2LANE
RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0

Table 30. Register 46h Field Descriptions

Bit Field Type Reset Description
D15 ENABLE 46 RIW 0 Enable register 46
This bit enables register 46.
D14 X R/W 0 Don't care bit
D13 FALL_SDR R/W 0 SDR output mode

0 = At data window edge

1 = The LCLK rising or falling edge control comes in the
middle of the data window when operating in SDR output

mode
D12 X R/W 0 Don't care bit
D11 EN_16BIT Riw 0 16-bit mode enable
0 = Inactive
1 = 16-bit serialization mode enabled; ensure bits D[10:9]
are 0
(1) This bit must be set to 1 to enable bits D[13:0].
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Table 30. Register 46h Field Descriptions (continued)

Bit Field Type Reset

Description

D10 EN_14BIT R/W 0

14-bit mode enable
0 = Inactive

1 = 14-bit serialization mode enabled; ensure bits D11 and
D9 are O

D9 EN_12BIT R/W 0

12-bit mode enable
0 = Inactive

1 = 12-bit serialization mode enabled; ensure bits D[11:10]
are 0

D8-D5 |X R/IW

Don't care bits

D4 EN_SDR R/IW

Bit clock selection
0 = DDR bit clock
1 = SDR bit clock

D3 MSB_FIRST R/IW 0

MSB first selection
0 = LSB first
1 = MSB first

D2 BTC_MODE R/W 0

Binary mode selection
0 = Binary offset (ADC data output format)
1 = Binary twos complement (ADC data output format)

D1 X R/IW

Don't care bit

DO EN_2LANE R/IW

LVDS output lane selection
0 = One-lane LVDS output
1 = Two-lane LVDS output

7.6.1.25 Register 50h (offset = 50h) [reset = 0]

This is a programmable LVDS mapping mode register. All bits default to 0 after reset.

Figure 74. Register 50h

D15 D14 D13 D12 D11 D10 D9 D8
ENABLE 50 X
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
MAP_CH12_TO_OUT1B[3:0] MAP_CH12_TO_OUT1A[3:0]
RIW-0 RIW-0

Table 31. Register 50h Field Descriptions

Bit Field Type Reset Description
D15 ENABLE 50 RIW 0 Enable for register 50h
This bit enables register 50h.
D14-D8 | X R/W 0 Don't care bits
D7-D4 | MAP_CH12_TO_OUT1B[3:0] RIW 0 OUTIB pin to channel mapping
These bits select the OUT1B pin pair to channel data mapping.
D3-D0 | MAP_CH12_TO_OUT1A[3:0] RIW 0 OUT1A pin to channel mapping
These bits select the OUT1A pin pair to channel data mapping.

(1) This bit must be set to 1 to enable bits D[7:0].
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7.6.1.26 Register 51h (offset = 51h) [reset = 0]
This is a programmable LVDS mapping mode register. All bits default to O after reset.
Figure 75. Register 51h
D15 D14 D13 D12 D11 D10 D9 D8
ENABLE 51 X \ MAP_CH12_TO_OUT2BJ[3:0]
R/W-0 R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
MAP_CH12_TO_OUT2A[3:0] X
R/W-0 R/W-0
Table 32. Register 51h Field Descriptions
Bit Field Type Reset Description
D15 ENABLE 51 RiwW 0 Enable for register 51h®
This bit enables register 51h.
D14-D12 | X R/W 0 Don't care bits
D11-D8 | MAP_CH12_TO_OUT2B[3:0] RW 0 OUT2B pin to channel mapping

These bits select the OUT2B pin pair to channel data mapping.
D7-D4 | MAP_CH12_TO_OUT2A[3:0] R/W 0 OUT2A pin to channel mapping

These bits select the OUT2A pin pair to channel data mapping.
D3-DO0 | X R/W 0 Don't care bits

(1) This bit must be set to 1 to enable bits D[7:0].
7.6.1.27 Register 53h (offset = 53h) [reset = 0]
This is a programmable LVDS mapping mode register. All bits default to O after reset.

Figure 76. Register 53h

D15 D14 D13 D12 D11 D10 D9 DS
ENABLE 53 X \ MAP_CH34_TO_OUT3B[3:0]
R/W-0 R/W-0 RIW-0
D7 D6 D5 D4 D3 D2 D1 DO
X
RIW-0

Table 33. Register 53h Field Descriptions

Bit Field Type Reset Description
D15 ENABLE 53 RIW 0 Enable register 53h(®)
This bit enables register 53h.
D14-D12 | X R/W 0 Don't care bits
D11-D8 |MAP_CH34_TO_OUT3B[3:0] RIW 0 OUT3B pin to channel mapping

These bits select the OUT3B pin pair to channel data mapping.
D7-D0 | X R/W 0 Don't care bits

(1) This bit must be set to 1 to enable bits D[7:0].
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7.6.1.28 Register 54h (offset =) [reset = 0]
This is a programmable LVDS mapping mode register. All bits default to O after reset.
Figure 77. Register 54h
D15 D14 D13 D12 D11 D10 D9 D8
ENABLE 54 X
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X \ MAP_Ch34_to OUT3A[3:0]
R/W-0 R/W-0
Table 34. Register 54h Field Descriptions
Bit Field Type Reset Description
D15 ENABLE 54 RiwW 0 Enable register 54h®
This bit enables register 54h.
D14-D4 | X R/W 0 Don't care bits
D3-DO0 | MAP_Ch34_to_OUT3A[3:0] RIW 0 OUT3A pin to channel mapping
These bits select the OUT3A pin pair to channel data mapping.

(1) This bit must be set to 1 to enable bits D[7:0].
7.6.1.29 Register 55h (offset = 55h) [reset = 0]
This is a programmable LVDS mapping mode register. All bits default to O after reset.

Figure 78. Register 55h

D15 D14 D13 D12 D11 D10 D9 D8
ENABLE 55 X
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
MAP_CH34_TO_OUT4A[3:0] \ MAP_CH34_TO_OUT4B[3:0]
RIW-0 RIW-0

Table 35. Register 55h Field Descriptions

Bit Field Type Reset Description
D15 ENABLE 55 Riw 0 Enable register 55h (%
This bit enables register 55h.
D14-D8 | X R/W 0 Don't care bits
D7-D4 | MAP_CH34 _TO_OUT4A[3:0] RIW 0 OUTA4A pin to channel mapping
These bits select the OUT4A pin pair to channel data mapping.
D3-D0 | MAP_CH34_TO_OUTA4B([3:0] RIW 0 OUT4B pin to channel mapping
These bits select the OUT4B pin pair to channel data mapping.

(1) This bit must be set to 1 to enable bits D[7:0].
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7.6.1.30 Register FOh (offset = FOh) [reset = 0]

This is a general register.

NOTE
The EN_HIGH_ADDRS bit (register 01h, bit D4) must be set to 1 in order to access this
register.
Figure 79. Register FOh
D15 D14 D13 D12 D11 D10 D9 D8
EN_EXT_REF X
R/W-0 R/W-0
D7 D6 D5 D4 D3 D2 D1 DO
X
R/W-0
Table 36. Register FOh Field Descriptions
Bit Field Type Reset Description
D15 EN_EXT_REF RIW 0 Reference mode selection
0 = Internal reference mode enabled (default)
1 = External reference mode enabled. The voltage
reference can be applied on either the REFP and REFB
pins or the VCM pin.
D7-DO0 | X R/W 0 Don't care bits
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The VSP5324-Q1 device is a low power 12-bit, 4-channel ADC customized for time-of-flight applications. The
device accepts four single-ended or differential analog inputs and can be configured to output the digitized data
on 4 or 8 LVDS lanes as per the requirements of the external host receiver. The sampling clock can be fed to the
device using a single-ended or a differential signal. High-speed sampling rates of up to 80 MSPS can be used to
speed up the sensor readout and therefore use longer sensor exposure times without taking a hit on the frame-
rate. The device is controlled using a simple 4-wire SPI. Power constrained systems can additionally make use of
the power-down pin (PD) to take the device quickly in and out of low-power mode. The device uses an internal
reference and internal common-mode voltage by default and has a provision for the use of external reference
and external common-mode voltage inputs.

8.2 Typical Application

18-V 18-v
AVDD LVDD
SPI Control Register | YSP5324-Ql
' control Analog Inputs Time of Flight
. Sensor
Host Bit Clock 4-Channel
Frame Clock | serializer | L27PILADC

< LVDS Data ——— Common Mode Voltage (optional)

4— Reference (optional)

Power Sampling
Down Clock

Figure 80. Application Schematic

8.2.1 Design Requirements

For optimum performance, the analog inputs must be driven differentially. If the inputs are driven in a single-
ended manner, capacitors must be placed on the INx_M signals and close to the INx_M pins. An optional 5-Q to
15-Q resistor in series with each input pin can be kept to damp out ringing caused by package parasitics. The
drive circuit may have to be designed to minimize the impact of kick-back noise generated by sampling switches
opening and closing inside the ADC, as well as ensuring low insertion loss over the desired frequency range and
matched impedance to the source.

8.2.2 Detailed Design Procedure

8.2.2.1 Drive Circuit Requirements

For optimum performance, the analog inputs must be driven differentially, as shown in Figure 81. This
architecture improves the common-mode noise immunity and even-order harmonic rejection. A 5-Q to 15-Q
resistor in series with each input pin is recommended to damp out ringing caused by package parasitic. The drive
circuit shows an R-C filter across the analog input pins. The purpose of the filter is to absorb glitches caused by
the sampling capacitors opening and closing.
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Typical Application (continued)

0.1pF 10Q
1 AN INx_P
Differential 1 .
Input 2pF— Device
1 AN INX_M
0.1 uF 100

Figure 81. Analog Input Drive Circuit

8.2.2.2 Clock Input

The VSP5324-Q1 device can function with either single-ended or differential clock inputs. The device can
automatically detect if a single-ended or differential clock is applied. To operate with a single-ended input clock,
CLKP must be driven by a CMOS clock with CLKM tied to GND. Figure 82 and Figure 83 show the typical single-
ended and differential clock termination schemes (respectively).

CMOS

Clock Input CLkP

Device

r CLKM

Figure 82. Single-Ended Clock Driving Circuit

0.1 uF 0.1 pF 0.1 uF
| ||
O 11 CLKP O 1] CLKP o I CLKP
R(TERM)
Device - Device Rrerm) % Device
0.1 puF 0.1 pF 0.1 uF
o—F— cLkm — cLkm o | CLKM
R(TERM)
a) Differential Sine-Wave Clock Input b) Differential LVPECL Clock Input c) Differential LVDS Clock Input

Figure 83. Differential Clock Driving Circuit
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Typical Application (continued)
8.2.3 Application Curves
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Analog Input Common-Mode Voltage (V) Temperature (°C)
fin =5 MHz A 0.7-Vpp 5-MHz sine-wave input is applied on the INx_P pin
The INX_M pin is connected to the device VCM pin
Figure 84. Performance vs Input Common-Mode Figure 85. SNR vs Temperature For Single-Ended Input

9 Power Supply Recommendations

Using an LDO supply with minimal noise on the AVDD supply is recommended. The LVDD supply can be
connected to an LDO or a DC-DC converter. A capacitor with a value of 100 nF per supply pin is recommended
in addition to a 1-uF common decoupling capacitor per rail.

10 Layout

10.1 Layout Guidelines

10.1.1 General Guidelines

The following list includes general layout guidelines. Refer to Figure 86 as needed.
» Route the clock input as a differential pair when a differential clock input is used.

* When single ended inputs are used, place 100-nF capacitors close to the pins on the INx_M inputs to ensure
that the reference rail is stable. When differential inputs are used, the inputs must be routed as differential
pairs.

* Route the LVDS clock and data output pairs with 100-Q differential impedance and length matched as per the
sampling frequency.

10.1.2 Grounding

A single ground plane is sufficient to provide good performance, provided that the analog, digital, and clock
sections of the board are cleanly partitioned.

10.1.3 Supply Decoupling

Minimal external decoupling can be used without loss in performance because the VSP5324-Q1 device already
includes internal decoupling. Note that decoupling capacitors can help filter external power-supply noise, thus the
optimum number of capacitors depends on the actual application. The decoupling capacitors should be placed
very close to the converter supply pins.
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Layout Guidelines (continued)
10.1.4 Exposed Pad

In addition to providing a path for heat dissipation, the pad is also electrically connected to the digital ground
internally. Therefore, soldering the exposed pad to the ground plane is necessary to achieve the best thermal
and electrical performance. For detailed information, see application notes QFN Layout Guidelines and
QFN/SON PCB Attachment.

10.2 Layout Example

Analog input pins
—— Clock inputs
—— LVDS clock and data output pairs

L

The layout in this example uses four single-ended inputs and four LVDS-data outputs. The components that require
special layout attention are shown and are listed in the General Guidelines section. For the two-lane output option,
eight LVDS data pairs are used.

Figure 86. VSP5324-Q1 Layout Example
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Device Nomenclature

Analog bandwidth The analog input frequency at which the power of the fundamental is reduced by 3 dB with
respect to the low-frequency value.

Aperture delay The delay in time between the input sampling clock rising edge and the actual time at which the
sampling occurs. This delay is different across channels. The maximum variation is specified as
aperture delay variation (channel-to-channel).

Aperture uncertainty (jitter) The sample-to-sample variation in aperture delay.

Clock pulse width and duty cycle The clock signal duty cycle is the ratio of the time the clock signal remains at
a logic high (clock pulse width) to the period of the clock signal. Duty cycle is typically expressed as
a percentage. A perfect differential sine-wave clock results in a 50% duty cycle.

Maximum conversion rate The maximum sampling rate at which the specified operation is given. All parametric
testing is performed at this sampling rate unless otherwise noted.

Minimum conversion rate The minimum sampling rate at which the ADC functions.

Differential nonlinearity (DNL) An ideal ADC exhibits code transitions at analog input values spaced exactly 1
LSB apart. DNL is the deviation of any single step from this ideal value, measured in units of LSBs.

Integral nonlinearity (INL) INL is the deviation of the ADC transfer function from a best-fit line determined by a
least-squares curve fit of that transfer function, measured in units of LSBs.

Gain error Gain error is the deviation of the ADC actual input full-scale range from its ideal value. Gain error is
given as a percentage of the ideal input full-scale range and has two components: error as a result
of reference inaccuracy and error as a result of the channel. Both errors are specified
independently as Egrery) and Egchany. TO a first-order approximation, the total gain error is (Eyo ~
Ecrer) + Eg(chany)- For example, if Ey, = £0.5%, the full-scale input varies from [(1 — 0.5 / 100) x
fs(idean] t0 [(1 +0.5/100) % fs(igean]-

Offset error Offset error is the difference, given in number of LSBs, between the ADC actual average idle
channel output code and the ideal average idle channel output code. This quantity is often mapped
into millivolts.

Temperature drift The temperature drift coefficient (with respect to gain error and offset error) specifies the
change per degree Celsius of the parameter from Ty to Tyax. It is calculated by dividing the
maximum parameter deviation across the Tyn to Tyax range by the difference of Tyax — Tmin-

Signal-to-noise ratio (SNR) SNR is the ratio of the power of the fundamental (Ps) to the noise floor power (Py),
excluding the power at DC and the first nine harmonics. SNR is either given in units of dBc (dB to
carrier) when the absolute power of the fundamental is used as the reference, or dBFS (dB to full-
scale) when the power of the fundamental is extrapolated to the converter full-scale range.

_ 10 PS
SNR = 10 Log"® —
Py ®

Signal-to-noise and distortion (SINAD) SINAD is the ratio of the power of the fundamental (Pg) to the power of
all other spectral components including noise (Py) and distortion (Pp)), but excluding dc. SINAD is
either given in units of dBc (dB to carrier) when the absolute power of the fundamental is used as
the reference, or dBFS (dB to full-scale) when the power of the fundamental is extrapolated to the
converter full-scale range.

10 Ps
SINAD =10 Log
Py + Py 4)
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Device Support (continued)

Effective number of bits (ENOB) ENOB is a measure of the converter performance as compared to the
theoretical limit based on quantization noise.

SINAD - 1.76
6.02 ®)

Total harmonic distortion (THD) THD is the ratio of the power of the fundamental (Pg) to the power of the first
nine harmonics (Pp)). THD is typically given in units of dBc (dB to carrier).

ENOB =

P
THD =10 Log" —>
Py (6)

Spurious-free dynamic range (SFDR) The ratio of the power of the fundamental to the highest other spectral
component (either spur or harmonic). SFDR is typically given in units of dBc (dB to carrier).

Two-tone intermodulation distortion (IMD3) IMD3 is the ratio of the power of the fundamental (at frequencies
f1 and f2) to the power of the worst spectral component at either frequency (2 f1 - f2or2 f2 —
f1). IMD3 is either given in units of dBc (dB to carrier) when the absolute power of the fundamental
is used as the reference, or dBFS (dB to full-scale) when the power of the fundamental is
extrapolated to the converter full-scale range.

DC power-supply rejection ratio (DC PSRR) DC PSSR is the ratio of the change in offset error to a change in
analog supply voltage. The dc PSRR is typically given in units of mV/V.

AC power-supply rejection ratio (ac PSRR) AC PSRR is the measure of rejection of variations in the supply
voltage by the ADC. If AV(ayppy is the change in supply voltage and AV is the resultant change of
the ADC output code (referred to input), then:

10 AVO

PSRR =20 Log

(Expressed in dBc)
V(A\/DD) (7

Voltage overload recovery The number of clock cycles taken to recover to less than 1% error after an overload
on the analog inputs. This recovery is tested by separately applying a sine-wave signal with a 6-dB
positive and negative overload. The deviation of the first few samples after the overload (from the
expected values) is noted.

Common-mode rejection ratio (CMRR) CMRR is the measure of rejection of variation in the analog input
common-mode by the ADC. If AV¢ is the change in the common-mode voltage of the input pins
and AVg is the resulting change of the ADC output code (referred to input), then:

AV,
CMRR =20 Log® ———  (Expressed in dBc)
AV\¢ (8)
Crosstalk (only for multichannel ADCs) Crosstalk is a measure of the internal coupling of a signal from an

adjacent channel into the channel of interest. It is specified separately for coupling from the
immediate neighboring channel (near-channel) and for coupling from channel across the package
(far-channel). It is usually measured by applying a full-scale signal in the adjacent channel.
Crosstalk is the ratio of the power of the coupling signal (as measured at the output of the channel
of interest) to the power of the signal applied at the adjacent channel input. It is typically expressed
in dBc.

11.2 Documentation Support

11.2.1 Related Documentation

For related documentation see the following:
* QFN Layout Guidelines
* QFN/SON PCB Attachment
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11.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.5 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.6 Electrostatic Discharge Caution

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

11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
VSP5324TRGCRQ1 ACTIVE VQFN RGC 64 2000  Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 105 VSP5324T
& no Sh/Br)
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | 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 I 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)
VSP5324TRGCRQ1 VQFN RGC 64 2000 330.0 16.4 9.3 9.3 15 | 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
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Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
VSP5324TRGCRQ1 VQFN RGC 64 2000 336.6 336.6 28.6
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MECHANICAL DATA

RGC(S—PVQFN—N64) CUSTOM DEVICE

PLASTIC QUAD FLATPACK NO-LEAD

«w
o

[P Y »
\‘ 8,85 '\
A
9,15
N - - 885
PIN 1 INDEX AREA _|
TOP AND BOTTOM
A
1,00
080 ¢
. 0,20 REF.
L AN rmrrrrr SEATING PLANE
[™]0,08 4 @j *
0,00
gax 220 ﬂ
0,30 § 1 | lie
[ guuuuguuujguuuuuguy
%45 a7
= THERMAL PAD .-
D) (@
D) (@
D) (@
D) (@
D) (@
D SIZE_AND SHAPE SHOWN d
) ON SEPARATE SHEET d
D) (@
D) (@
.} (@i
) J
) (@
D) (@
49D d32
AnnNnNNNNNNNNNNNM
28] 133
- | %&w s
) » 1€ !

4204106 /F 1111

NOTES: All linear dimensions are in millimeters.
This drawing is subject to change without notice.

Quad Flatpack, No—leads (QFN) package configuration.

Dimensioning and tolerancing per ASME Y14.5-1994.

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

RGC (S—PVQFN—N64) PLASTIC QUAD FLATPACK NO—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C0,30 \ : 16
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Bottom View

Exposed Thermal Pad Dimensions

4206192-2/AE  03/15

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RGC (S—PVQFN—N64)

PLASTIC QUAD FLATPACK NO—-LEAD

Example Board Layout EXST%E Ti%iﬂcgtg:;ilgn
(Note E)
Note D 0,25— H]—— 'H] 60x0,50 64x0,8— —[=— 0,25
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= ‘ g oax | 2 15 g
— (e O 23 | = | (]
(] 7,25 (e ) a
s | = 1= Ll =
= 725—|-=-81 9,8 _f;g = == =1 S 859,75
0,253 | S 02553 | o4/ S
D I a ) | a
S S IR E
= | S ] =
{ — —
ﬁﬂﬂmmmﬂﬂmmnmmm 5040.5 jrnn 0000000000
— 8,15
S 9,8 9,75
,,-’ (69% Printed Solder Coverage by Area)
,i Example Via Layout Design
,-’ Non Solder Mask Defined Pad Via layout may vary depending
A — —_ on layout constraints
o ~o (Note D, F)
// Example Solder Mask Opening __42?(1 0
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NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout.
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

These documents are available at

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in thermal pad.

Customers should
Refer to IPC 7525 for stencil design considerations.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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