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DDC264 64-Channel, Current-Input Analog-to-Digital Converter
1 Features 3 Description

Single-Chip Solution to Directly Measure 64 Low-

Level Currents

Proven High-Precision, True Integrating
Architecture With 100% Charge Collection

Easy Upgrade for Existing DDC Family
Applications

Very Low Power: 3 mW/channel

Extremely Linear:
INL = £0.025% of Reading +1 ppm of FSR

Low Noise: 6.3 ppm of FSR
Adjustable Full-Scale Range
Adjustable Speed

— Data Rates up to 6 kSPS With 20-bit
Performance

— Integration Times as low as 160 ps
Daisy-Chainable Serial Interface

In-Package Bypass Capacitors Simplify PCB
Design

Applications

CT Scanner DAS
Photodiode Sensors
X-Ray Detection Systems

Simplified Schematic
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The DDC264 is a 20-bit, 64-channel, current-input
analog-to-digital (A/D) converter. It combines both
current-to-voltage and A/D conversion so that 64
separate low-level current output devices, such as
photodiodes, can be directly connected to its inputs
and digitized.

For each of the 64 inputs, the DDC264 uses the
proven dual switched integrator front-end. This
configuration allows for continuous current
integration: while one integrator is being digitized by
the onboard A/D converter, the other is integrating
the input current. This architecture provides both a
very stable offset and a loss-less collection of the
input current. Adjustable integration times range from
160 ps to 1 s, allowing currents from fAs to pAs to be
continuously measured with outstanding precision.

The DDC264 has a serial interface designed for
daisy-chaining in multi-device systems. Simply
connect the output of one device to the input of the
next to create the chain. Common clocking feeds all
the devices in the chain so that the digital overhead
in a multi-DDC264 system is minimal.

The DDC264 uses a 5-V analog supply and a 2.7-V
to 3.6-V digital supply. Bypass capacitors within the
DDC264 package help minimize the external
component requirements. Operating over the
temperature range of 0°C to 70°C, the DDC264
100-pin NFBGA package is offered in two versions:
the DDC264C for low-power applications, and the
DDC264CK when higher speeds are required.

Device Information®
PACKAGE BODY SIZE (NOM)
NFBGA (100) 9.00 mm x 9.00 mm

PART NUMBER
DDC264

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

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table
PRODUCT NO. OF CHANNELS FULL-SCALE Dl\gél'ill\lgx"\lﬂE AE)I'OI\\/C{\EXRI/DCAF':::NIIQ\IE'II:E PACKAGE-PIN
DDC112 2 1000 pC 2 KSPS 80 mwW SO-28, TQFP-32
DDC112K 2 1000 pC 3 KSPS 85 mwW SO-28, TQFP-32
DDC114 4 350 pC 3.1 KSPS 18 mW QFN-48
DDC118 8 350 pC 3.1 KSPS 18 mW QFN-48
DDC316 16 12 pC 100 KSPS 28 mwW BGA-64
DDC232C 32 350 pC 3.1 KSPS 7 mwW BGA-64
DDC232CK 32 350 pC 6.2 KSPS 10 mW BGA-64
DDC264C 64 150 pC 3.1 KSPS 3mw BGA-100
DDC264CK 64 150 pC 6.2 KSPS 5.5 mw BGA-100
DDC1128 128 150 pC 6.2 KSPS 5.5 mw BGA-192
DD2256A 256 150 pC 17 KSPS 2.2 mW BGA-323
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6 Pin Configuration and Functions

ZAW Package
100-Pin NFBGA

Top View
Columns
K J H G F E D C B A
IN39 IN40 IN8 IN45 IN16 IN49 IN51 IN55 IN57 IN58
O O O O O O O O O O 1
IN38 IN7 IN41 IN12 IN48 IN19 IN20 IN23 IN25 IN26
O O O O O O O O O O |2
IN37 IN6 IN9 IN44 IN15 IN50 IN53 IN56 IN60 IN59
O O O O O O O O O O 3
IN3 IN5 IN42 IN11 IN47 IN18 IN21 IN28 IN27 IN32
O O O O O O O O O O |4
IN34 IN35 IN10 IN43 IN14 IN52 IN54 IN61 IN62 IN63
O O O O O O O O O O 5 5
o
2
IN33 IN4 IN36 IN13 IN46 IN17 IN22 IN29 IN30 IN31 @
O O O O O O O O O O 6
IN1 IN2 QGND QGND AGND AGND AGND AGND IN24 IN64
O O O O O O O O O O 7
AGND AGND AGND AVDD AGND VREF VREF AGND AGND AGND
O O O O O O O O O O |8
AVDD AVDD AVDD AVDD AVDD DGND DGND RST DIN_CFG CLK_CFG
O O O O O O O O O O 9
CONV DGND DGND DVALID CLK DVDD DVDD DCLK DIN DOUT
O O O O O O O O O O 10
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
AGND A8, B8, C7, C8, D7, E7, F7, F8, H8, J8. K8 Analog Analog ground
AVDD F9, G8, G9, H9, J9, K9 Analog Analog power supply, 5-V nominal
CLK F10 Digital input Master clock input
CLK_CFG A9 Digital input Configuration register clock input
CONV K10 Digital input Conversion control input: 0 = integrate on side B; 1 = integrate on side A
DCLK C10 Digital input Serial data clock input
DGND D9, E9, H10, J10 Digital Digital ground
DIN B10 Digital input Serial data input
DIN_CFG B9 Digital input Configuration register data input
DOUT A10 Digital output Serial data output
DVALID G10 Digital output Data valid output, active low
DVDD D10, E10 Digital Digital power supply, 3.3-V nominal
IN1-IN64 Rows 1-6, A7, B7, J7, K7 Analog input Analog inputs for channels 1 to 64
QGND G7, H7 Analog Quiet analog ground; see the guidelines described in Layout
RESET C9 Digital input Digital reset, active low
VREF D8, E8 Analog input External voltage reference input, 4.096-V nominal
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT
AVDD to AGND -0.3 6 \%
DVDD to DGND -0.3 3.6 \%
AGND to DGND +0.2 \%
VREF input to AGND 2 AVDD + 0.3 \%
Analog input to AGND -0.3 0.7 \%
Digital input voltage to DGND -0.3 0.3 \Y
Digital output voltage to DGND -0.3 0.3 Y
Operating temperature 0 70 °C
Junction temperature, T, 150 °C
Storage temperature, Tgyg —-60 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which 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.

7.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +4000 v
(ESD)  discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins® £1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vrer  Reference voltage 4 4.096 4.2 \%
POWER-SUPPLY REQUIREMENTS
Anal | " (AVDD) DDC264C 4.75 5.25 v
nalog power su voltage
gp PPy g DDC264CK 4.9 51
Digital power supply voltage (DVDD) 2.7 3.3 3.6 \%
DYNAMIC CHARACTERISTICS
DDC264C 3 3.125
Data rate kSPS
DDC264CK 6 6.25
o DDC264C 320 333 1,000,000
tnT Integration time us
DDC264CK 160 166 1,000,000
) DDC264C 1 5
Clkdiv=0 MHz
DDC264CK 1 10
System clock
) DDC264C 4 20
Clkdiv =1 MHz
DDC264CK 4 40
Data clock (DCLK) 32 MHz
Configuration clock (CLK_CFG) 20 MHz
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7.4 Thermal Information
DDC264C,
DDC264CK
THERMAL METRIC® ZAW (NFBGA) UNIT
100 PINS
Rgia Junction-to-ambient thermal resistance 25.7 °C/W
Roactop) Junction-to-case (top) thermal resistance 9.8 °C/W
RgiB Junction-to-board thermal resistance 7.1 °C/W
Vot Junction-to-top characterization parameter 0.1 °C/W
ViB Junction-to-board characterization parameter 7 °C/W
Roacbot) Junction-to-case (bottom) thermal resistance — °C/W

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

7.5 Electrical Characteristics

at Tp = 25°C, AVDD =5V, DVDD = 3V, VREF = 4.096 V, t,yt = 333 pus for DDC264C or 166 ps for DDC264CK,
and range = 3 (150 pC) (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP mAX | UNIT
ANALOG INPUT
Range 0 10.5 12.5 14.5 pC
Range 1 475 50 52.5 pC
Range 2 95 100 105 pC
Range 3 142.5 150 157.5 pC
Negative full-scale range —0.4% of Positive full-scale range pC
ACCURACY
Noise, low-level input® Range = 3, Cgensor® = 35 pF 6.3 ppm of FSR®, rms
+0.025% +0.05%
Integral linearity error® R;ias;)nrg ;‘?S:)nrﬁ
FSR FSR
Resolution No missing codes, format = 1 20 Bits
No missing codes, format = 0 16
Input bias current Ta=25°C to 45°C +0.5 5 pPA
Range error match® 0.1% 0.5% FSR
Range sensitivity to VREF VREF =4.096 +0.1 V 1:1
Offset error +500 +1000 ppm of FSR
Offset error match® +150 ppm of FSR
DC bias voltage® Low-level input (< 1% FSR) +0.1 +1 mv
Power-supply rejection ratio At DC 100 +300 ppm of FSR/V
PERFORMANCE OVER TEMPERATURE
Offset drift +0.5 50 ppm of FSR/°C
Offset drift stability 10.2 2™ | ppm of FSR/minute
DC bias voltage drift® +3 uv/°C
Input bias current drift T, = 25°C to 45°C 0.01 1M pA/°C
Range drift® 25 50 ppm/°C
Range drift match® +5 ppm/°C
REFERENCE
Input current® Average value with tjyr = 333 ps 825 pA
Average value with tyr = 166 ps (DDC264CK) 1650 A
(1) Inputis less than 1% of full-scale.
(2) Csensor is the capacitance seen at the DDC264 inputs from wiring, photodiode, etc.
(3) FSRis full-scale range.
(4) A best-fit line is used in measuring nonlinearity.
(5) Matching between side A and side B of the same input.
(6) Voltage produced by the DDC264 at its input that is applied to the sensor.
(7) Ensured by design; not production tested.
(8) Range drift does not include external reference drift.
(9) Input reference current decreases with increasing tyt (see Voltage Reference).
6 Submit Documentation Feedback Copyright © 2006-2016, Texas Instruments Incorporated

Product Folder Links: DDC264


http://www.ti.com/product/ddc264?qgpn=ddc264
http://www.ti.com
http://www.ti.com/product/ddc264?qgpn=ddc264
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS368D&partnum=DDC264
http://www.ti.com/lit/pdf/spra953

13 TEXAS
INSTRUMENTS
DDC264

www.ti.com SBAS368D —MAY 2006—REVISED DECEMBER 2016

Electrical Characteristics (continued)

at T, = 25°C, AVDD =5V, DVDD = 3V, VREF = 4.096 V, t,yt = 333 ps for DDC264C or 166 ps for DDC264CK,
and range = 3 (150 pC) (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP mAX | UNIT
DIGITAL INPUT AND OUTPUT
Vin 0.8 x DVDD DVDD + 0.1 v
Vi 0.1 0.2 x DVDD v
Vo lon = =500 pA DVDD - 0.4 v
VoL lor = 500 pA 0.4 v
In Input current 0 <V, <DVDD +10 HA
Data format®® Straight binary
POWER-SUPPLY REQUIREMENTS
DDC264C 34
Analog current mA
DDC264CK 60
DDC264C 75
Digital current mA
DDC264CK 15
DDC264C 192 256
Total power dissipation mw
DDC264CK 350
Per channel power dissipation DDC264C s 4 mW/Channel
DDC264CK 55
(10) Data format is straight binary with a small offset. The number of bits in the output word is controlled by the format bit.
Table 1. NOISE vs Csgnsor™
T Csensor
0 pF 10pF | 30pF | 43pF | s57pF 100pF | 270pF | 470pF | 1000 pF
ppm of FSR, rms
Range 0: 12.5 pC 16 20 30 37 44 71 160 270 510
Range 1: 50 pC 6.4 7.4 10 12 14 21 45 74 130
Range 2: 100 pC 51 55 7.1 8 9.1 12 25 39 71
Range 3: 150 pC 4.8 5 6 6.5 7.2 9.6 17 27 49
fC, rms
Range 0: 12.5 pC 0.2 0.25 0.38 0.46 0.55 0.89 2 3.38 6.38
Range 1: 50 pC 0.32 0.37 0.53 0.62 0.73 1.09 2.29 3.73 6.88
Range 2: 100 pC 0.51 0.55 0.71 0.8 0.91 1.28 2.5 3.97 7.16
Range 3: 150 pC 0.72 0.75 0.9 0.98 1.08 1.45 2.67 4.14 7.36
Electrons, rms
Range 0: 12.5 pC 1250 1560 2340 2890 3430 5540 12480 21070 39790
Range 1: 50 pC 2010 2310 3340 3910 4570 6800 14200 23300 42900
Range 2: 100 pC 3220 3440 4450 5000 5680 7990 15600 24800 44700
Range 3: 150 pC 4530 4730 5610 6120 6770 9050 16700 25800 45900

(1) Noise in Table 1 is expressed in three different units for reader convenience. The first section lists noise in units of parts per million of
full-scale range; the second section shows noise as an equivalent input charge (in fC); and the third section converts noise to electrons.
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7.6 Typical Characteristics
at T, = 25°C (unless otherwise noted)
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Figure 1. Integral Nonlinearity
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Figure 2. Integral Nonlinearity
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Figure 3. Integral Nonlinearity Envelope of All 64 Channels
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Figure 4. Integral Nonlinearity Envelope of All 64 Channels
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Figure 5. Integral Nonlinearity vs Temperature
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Figure 6. Integral Nonlinearity vs Temperature
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Typical Characteristics (continued)
at T, = 25°C (unless otherwise noted)
10 12 T
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& 9 |DDC264CK, 6kSPS P % ]
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LT
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O O
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2 3 g
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2 2 3 o | DDC264C, 3kSPS
z z DDC264CK, 6kSPS
o o Csensor = 35pF
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Figure 7. NOISE vs Integration Time Figure 8. NOISE vs Input Level
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Figure 9. NOISE vs Temperature Figure 10. Input BIAS Current vs Temperature
250 12
DDC264C, 3kSPS Repeated measurement DDC264C, 3kSPS
200 [DC264CK, 6kSPS of offset drift taken over o DC264CK, 6kSPS
— 150 |Ranges1,2,3 — 10 [ a 1-min interval = Range 3|
o / M
) -
L 100 3
S 5 —] c 8 o
£ _— £
=3 0 3 6
£ —~— ol 1
5 -50 2 —
- i s} 4
2 -100 R r
5 —
-150
\ 2 =
o ol I .
-250 0 T L e e e e L
25 30 35 40 45 50 55 60 65 70 p Q K 2 0 2 @ Q p
Temperature (°C) ' 9 ' Q e e
Offset Drift (ppm of FSR/min)
Figure 11. Offset Drift vs Temperature Figure 12. Offset Drift Stability Over Time Histogram
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Typical Characteristics (continued)

at T, = 25°C (unless otherwise noted)
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8 Detailed Description

8.1 Overview

The DDC264 contains 64 identical input channels (see Functional Block Diagram) that perform the function of
current-to-voltage integration followed by a multiplexed A/D conversion. Each input has two integrators (see
Figure 18) so that the current-to-voltage integration can be continuous in time. The DDC264 continuously
integrates the input signal by switching integrations between side A and side B.

For example, while side A integrates the input signal, the side B outputs are digitized by the onboard ADC. This
integration and A/D conversion process is controlled by the convert pin, CONV. The results from side A and side
B of each signal input are stored in a serial output shift register. The DVALID output goes low when the shift
register data are ready to be retrieved.

o——
Input Side A Integrator
Current  IN1 X/ QGND
w 4 —— To ADC
A
Photodiode//
o
Side B Integrator
\./, QGND

Figure 18. Dual Switched Integrator Architecture

Figure 19 shows a few integration cycles beginning after the device has been powered up, reset, and the
Configuration Register has been programmed. The top signal is CONV and is supplied by the user. The
integration status trace indicates which side is integrating. The output digital interface of the DDC264 sends the
digital results through a synchronous serial interface that consists of a data clock (DCLK), a valid data pin
(DVALID), a serial data output pin (DOUT), and a serial data input pin (DIN). As described above, DVALID goes
active low when data are ready to be retrieved from the DDC264. It stays low until DCLK is taken high and then
back low by the user. The text below the DVALID pulse indicates the side of the data available to be read. The
arrow is used to match the data to the corresponding integration. Table 2 shows the timing specifications for
Figure 19.
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Overview (continued)

Input current

/ Q

1
UnT
CONV 1 |‘7 | | |_
I
I
Integgi:ti: E,:X Integrate B Integrate A X Integrate B X Integrate A X:
| K}
| — )
SV nire=—| I i
Side B Side A Side B
Data Data Data
Figure 19. Integration Sequence Timing
Table 2. Timing Requirements for Integration Sequence Timing
MIN TYP MAX| UNIT
. Intearation t pbc264c® 320 1,000,000
ntegration time S
INT 9 DDC264CK @) 160 .
) ) DDc264c® 276.4 +0.4
tpr Time until data ready > us
DDC264CK @ 138.2 +0.2

(1) Internal clock frequency = 5 MHz
(2) Internal clock frequency = 10 MHz
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Finally, a second set of digital signals (DIN_CFG and CLK_CFG pins, see Configuration Register — Read and
Write Operations) is used to configure the DDC264 by addressing a dedicated register.

8.2 Functional Block Diagram

VREF DVDD AVDD

°'2| HF 01pF  |03pF
| % g
Dual ~——0O—0—
INL %@/ CLK
Integrator
O—¢ + CONV

Q

AX
ADC Configuration
and DIN_CFG

Dual O—4¢ Control
IN2 ),Swilched CLK CFG
Integrator, -
o—!
RESET
Dual
Switched
IN3 O Integrator
O
Dual O—¢
Switched
IN4 } Integrator,
o

:+
D L —(O DCLK
IN61 ),Switched
Integrator,
O + Serial

AX
ADC

—(O DVALID

)7

AZ Interface
ADC

Dual O—4¢
Switched
IN62 }Integrator
O —(O DOUT
Dual
Switched
IN63 }Integrator
O—4 +

AX

ADC —O DIN
Dual o—¢
Switched
IN64 }Imegrator
o
AGND DGND

Copyright © 2016, Texas Instruments Incorporated

8.3 Feature Description

8.3.1 Dual Switched Integrator: Basic Integration Cycle

The topology of the front end of the DDC264 is an analog integrator as shown in Figure 20. In this diagram, only
input IN1 is shown. The input stage consists of an operational amplifier, a selectable feedback capacitor network
(Cg), and several switches that implement the integration cycle. The timing relationships of all of the switches
shown in Figure 20 are illustrated in Figure 21. Figure 21 conceptualizes the operation of the integrator input
stage of the DDC264 and must not be used as an exact timing tool for design.
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Feature Description (continued)

See Figure 22 for the block diagrams of the reset, integrate, wait, and convert states of the integrator section of
the DDC264. This internal switching network is controlled externally with the convert pin (CONV) and the system
clock (CLK). For the best noise performance, CONV must be synchronized with the falling edge of CLK. TI
recommends toggling CONV within £10 ns of the falling edge of CLK.

The noninverting inputs of the integrators are connected to the QGND pin. Consequently, the DDC264 analog
ground, QGND, must be as clean as possible. In Figure 20, the feedback capacitors (Cg) are shown in parallel
between the inverting input and output of the operational amplifier. At the beginning of a conversion, the switches
Sapy SinTar SINTB: SREF1: SrEF2, aNd Sgeset are set (see Figure 21).

At the completion of an A/D conversion, the charge on the integration capacitor (Cg) is reset with Sgrgr; and
Sreset (see Figure 21 and Figure 22a). This process is done during reset. In this manner, the selected capacitor
is charged to the reference voltage, VREF. Once the integration capacitor is charged, Sggr; and Sgeser are
switched so that VREF is no longer connected to the amplifier circuit while it waits to begin integrating (see
Figure 22b). With the rising edge of CONV, S)yra closes, which begins the integration of side A. This process
puts the integrator stage into its integrate mode (see Figure 22c).

Charge from the input signal is collected on the integration capacitor, causing the voltage output of the amplifier
to decrease. The falling edge of CONV stops the integration by switching the input signal from side A to side B
(SinTa @nd SiyTg)- Prior to the falling edge of CONV, the signal on side B was converted by the A/D converter and
reset during the time that side A was integrating. With the falling edge of CONV, side B starts integrating the
input signal. At this point, the output voltage of the side A operational amplifier is presented to the input of the
A/D converter (see Figure 22d).

A special elecrostatic discharge (ESD) structure protects the inputs but does not increase current leakage on the
input pins.

Range Selection Capacitors (Cr)

1
! —Q” 1 SF{EF1
: O_HT—l—O/D— VREF
| i
! T
! 1
! 1
! 1
1 »—o/o—| |7 i
1 12.5pF | |
1
! : . Range[0] Bit
1
! i
! 1
1
1 o ° |7 !
\ 25pF 1
1
| . ® Range[1] Bit
! 1
[ —a
Input Sinma
Current  IN1 o—0 Sancia
I SRESETi o— To Converter
ESD +
Protection s Integrator A
Photodiode Diodes INTB QGND\/
o/ o = Integrator B

Figure 20. Basic Integration Configuration
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Feature Description (continued)
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Integrate Convert |
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Figure 21. Integration Timing (see Figure 20)
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Figure 22. Four Configurations of the Front-End Integrators
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Feature Description (continued)
8.3.2 Integration Capacitors

There are four different capacitor configurations available on-chip for both sides of every channel in the DDC264.
These internal capacitors are trimmed in production to achieve the specified performance for range error of the
DDC264. The range control bits (Range[1:0]) set the capacitor value for all integrators. Consequently, all inputs
and both sides of each input always have the same full-scale range. Table 3 shows the capacitor value selected
for each range selection.

Table 3. Range Selection

RANGE CONTROL BITS

RANGE Ce INPUT RANGE
Range[1] Range[0]
0 0 0 3 pF —-0.04 to 12.5 pC
1 0 1 12.5 pF —-0.2t0 50 pC
2 1 0 25 pF —0.4 to 100 pC
3 1 1 37.5 pF —0.6 to 150 pC

8.3.3 Voltage Reference

The external voltage reference is used to reset the integration capacitors before an integration cycle begins. It is
also used by the A/D converter while the converter is measuring the voltage stored on the integrators after an
integration cycle ends. During this sampling, the external reference must supply the charge required by the A/D
converter. For an integration time of 333 ps, this charge translates to an average Vgge current of approximately
825 pA. The amount of charge required by the A/D converter is independent of the integration time; therefore,
increasing the integration time lowers the average current. For example, an integration time of 800 us lowers the
average Vrgr current to 340 pA.

8.3.4 Serial Data Output and Control Interface

8.3.4.1 System and Data Clocks (CLK and DCLK)

The device internal clock is derived directly or after a divide by 4 from the CLK input (see Bit[13] in the
configuration register). Tl recommends driving the CLK pin with a free-running clock source (that is, do not start
and stop CLK between conversions). Make sure the clock signals are clean—avoid overshoot or ringing.

As explained in Overview, DCLK is used to read out the data (more details in the following sections). For best
performance, generate CLK and DCLK clocks from the same clock source. Disable DCLK by taking it low after
the data have been shifted out and while CONV is transitioning.

When using multiple DDC264 devices, pay close attention to the DCLK distribution on the printed-circuit board
(PCB). In particular, make sure to minimize skew in the DCLK signal because this can lead to timing violations in
the serial interface specifications. See Cascading Multiple Converters for more details.

8.3.4.2 CONV: Setting the Integration Time

As explained in Overview, one integration cycle happens between two consecutive CONV signal edges. For the
best noise performance, CONV must be synchronized with the falling edge of CLK. Tl recommends toggling
CONYV within 10 ns of the falling edge of CLK.

The minimum tys for the DDC264 scales directly with the internal clock frequency. With an internal clock
frequency of 10 MHz, the minimum time is 160 ps, which is achieved with the right register settings (see
Configuration Register — Read and Write Operations for more details). If the minimum integration time is
violated, the DDC264 stops continuously integrating the input signal. To return to normal operation (that is,
continuous integration) after a violation of the minimum tINT specification, perform three integrations that each
last for a minimum of 5000 internal clock periods. In other words, integrate three times with each integration
lasting for at least 1 ms when using an internal clock frequency of 5 MHz. During this time, ignore the DVALID
pin. Once the three integrations complete, normal continuous operation resumes, and data can be retrieved.
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8.3.4.3 Data Valid (DVALID)

The DVALID signal indicates that data are ready to be read. Data retrieval may begin after DVALID goes low.
This signal is generated using an internal clock divided down from the system clock, CLK. The phase relationship
between this internal clock and CLK is set when power is first applied and is random. Because the user must
synchronize CONV with CLK, the DVALID signal has a random phase relationship with CONV. This uncertainty
is £1/fc k. Polling DVALID eliminates any concern about this relationship. If the data readback is timed from
CONV, make sure to wait for the required amount of time. The data stored internally is lost if not read before the
next DVALID.

8.3.4.4 Data Format

The serial output data are provided in an offset binary code as shown in Table 4. The format bit in the
configuration register selects how many bits are used in the output word. When format = 1, 20 bits are used.
When format = 0, the lower four bits are truncated so that only 16 bits are used. Note that the LSB size is 16
times bigger when format = 0. An offset is included in the output to allow slightly negative inputs (for example,
from board leakages) from clipping the reading. This offset is approximately 0.4% of the positive full-scale.

Table 4. Ideal Output Code vs Input Signal®

INPUT SIGNAL IDEAL OUTPUT CODE FORMAT =1 IDEAL OUTPUT CODE FORMAT =0
2 100% FS 111111111111 1111 1111 111111111111 1111
0.001531% FS 0000 0001 0000 0001 0000 0000 0001 0000 0001
0.001436% FS 0000 0001 0000 0000 1111 0000 0001 0000 0000
0.000191% FS 0000 0001 0000 0000 0010 0000 0001 0000 0000
0.000096% FS 0000 0001 0000 0000 0001 0000 0001 0000 0000
0% FS 0000 0001 0000 0000 0000 0000 0001 0000 0000
—0.3955% FS 0000 0000 0000 0000 0000 0000 0000 0000 0000

(1) Excludes the effects of noise, INL, offset, and gain errors.

8.3.4.5 Data Retrieval

The data from the last conversion are available for retrieval on the falling edge of DVALID (see Figure 23 and
Table 5). Data are shifted out on the falling edge of the data clock, DCLK.

Make sure not to retrieve data around changes in CONV because this change can introduce noise. Stop activity
on DCLK at least 2 pus before or after a CONV transition.

Setting the format bit = 0 (16-bit output word) reduces the time required to retrieve data by 20% because there
are fewer bits to shift out. This technique can be useful in multichannel systems requiring only 16 bits of
resolution.

CLK
tepcov

I I (¢ (¢ (¢
D) ) ) R D)
DVALID

thppopy —| - tropcoy

- AR AU

thppopc —| “
I « 10 I
)Y y D) D)
DOUT Input 64 Input 6 Input 5] Input 4 Input2 | Input 1 Input 1 Input 64,
MSB LSB LSB MSB LSB MSB LSB MSB
— S S

Figure 23. Digital Interface Timing Diagram for Data Retrieval From a Single DDC264
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Table 5. Timing for DDC264 Data Retrieval
MIN TYP MAX UNIT

tppcDV Propagation delay from falling edge of CLK to DVALID Low 10 ns
tppDCDV Propagation delay from falling edge of DCLK to DVALID High 5 ns
tHDDODY Hold time that DOUT is valid before the falling edge of DVALID 400 ns
tHpDODC Hold time that DOUT is valid after falling edge of DCLK 4 ns
tppDCDO Propagation delay from falling edge of DCLK to valid DOUT 25 ns

8.3.45.1 Cascading Multiple Converters
Multiple DDC264 devices can be connected in a serial configuration; see Figure 24.

DOUT can be used with DIN to daisy-chain multiple DDC264 devices together to minimize wiring. In this mode of
operation, the serial data output is shifted through multiple DDC264s; see Figure 24.

Figure 25 shows the timing diagram when the DIN input is used to daisy-chain several devices. Table 6 gives the
timing specification for data retrieval using DIN.

Data Clock
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Rect’ri{\llaj — DOUT DDC264 DIN — DOUT DDC264 DIN — DOUT DDC264 DIN — DOUT DDC264 DIN
utpu
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Figure 24. Daisy-Chained DDC264s
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(1) See Cascading Multiple Converters.

Figure 25. Timing Diagram When Using DDC264 DIN Function

DI

=z

Table 6. Timing for DDC264 Data Retrieval Using DIN

MIN TYP MAX UNIT
tsToiDC Setup time from DIN to falling edge of DCLK 10 ns
tHopiDe Hold time for DIN after falling edge of DCLK 10 ns
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8.3.4.5.2 Retrieval Before CONV Toggles

In this method, data retrieval begins soon after DVALID goes low and finishes before CONV toggles, as shown in
Figure 26. For best performance, data retrieval must stop tgpcy before CONV toggles. This method is most
appropriate for longer integration times and yields the best performance results as the output interface toggling
noise does not interfere with the ADC conversion operation. The maximum time available for readback is
tnt — tembr — tspey- The maximum number of DDC264s that can be daisy-chained together (format = 1) is
calculated by Equation 1.

tINT - (tDR + tSDCV)
(20 x 64)tpc

Note: (16 x 64)tpc k is used for format = 0, where tpc k is the period of the data clock 1)

For example, if tjyt = 1000 ps and DCLK = 20 MHz, the maximum number of DDC264s with format = 1 is shown
in Equation 2.

1000us - 278.4us

=11.5 — 11 DDC264s

(1280)(50ns)
or 14 DDC264s for format = 0 )
CONV — tint o tint ‘||
~— ]
DVALID ~-— o —>|_| IJ
tspcv -

DCLK [N .. (UL . 00
100G X0 0 1) 00 1| C—

Side B Side A

Data Data

Figure 26. Readback Before CONV Toggles
Table 7. Timing for Readback
MIN TYP MAX UNIT
tspcv Data retrieval shutdown before or after edge of CONV 2 us

8.3.4.5.3 Retrieval After CONV Toggles

For shorter integration times, more time is available if data retrieval begins after CONV toggles and ends before
the new data are ready. Data retrieval must wait tspcy after CONV toggles before beginning. See Figure 27 for
an example of this timing sequence. The maximum time available for retrieval is tpr — (tspev + thppopv)
regardless of tr. The maximum number of DDC264s that can be daisy-chained together with format = 1 is
calculated by Equation 3.

274us
(20 x 64) Ty«
Note: (16 x 64)tpc k is for format = 0 ©)]

For DCLK = 20 MHz, the maximum number of DDC264s is four (or five for format = 0).
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Figure 27. Readback After CONV Toggles

8.3.4.5.4 Retrieval Before and After CONV Toggles

For the absolute maximum time for data retrieval, data can be retrieved before and after CONV toggles. Nearly
all of t\7 is available for data retrieval. Figure 28 illustrates how this process is done by combining the two
previous methods. Pause the retrieval during CONV toggling to prevent digital noise, as discussed previously,
and finish before the next data are ready. The maximum number of DDC264s that can be daisy-chained together
with format = 1 is calculated by Equation 4.

tinr = (tspov + tspev + thoboov)

(20 x 64)Tpc

Note: (16 x 64)tpc k is used for format = 0 (4)

For tyt = 400 ps and DCLK = 20 MHz, the maximum number of DDC264s is six (or seven for format = 0).

CONV J Nt tinT i tinT L

DVALID E |_|
tHDDODV
N J
Side A
Data

Figure 28. Readback Before and After CONV Toggles

8.4 Device Functional Modes
There are no functional modes for this device.
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8.5 Programming

8.5.1 Reset (RESET)

The DDC264 is reset asynchronously by taking the RESET input low, as shown in Figure 29. Make sure the
release pulse is a minimum of tggr wide. It is very important that RESET is glitch-free to avoid unintentional
resets. The Configuration Register must be programmed immediately afterwards. After programming the
DDC264, wait at least four conversions before using the data.

RESET [— trgT —»|

Figure 29. Reset Timing

8.5.2 Configuration Register — Read and Write Operations

The Configuration Register must be programmed after power-up or a device reset. The DIN_CFG, CLK_CFG,
and RESET pins are used to write to this register. When beginning a write operation, hold CONV low and strobe
RESET; see Figure 30. Then begin shifting in the configuration data on DIN_CFG. Data are written to the
Configuration Register most significant bit first. The data are internally latched on the falling edge of CLK_CFG.
Partial writes to the Configuration Register are not allowed, that is, make sure to send all 16 bits when updating
the register.

Optional readback of the Configuration Register is available immediately after the write sequence. During
readback, 320 '0's, then the 16-bit configuration data followed by a 4-bit revision ID and the check pattern are
shifted out on the DOUT pin on the rising edge of DCLK. The check pattern can be used to check or verify the
DOUT functionality.

NOTE
With format = 1, the check pattern is 300 bits, with only the last 72 bits non-zero. This
sequence of outputs is repeated twice for each DDC264 block and daisy-chaining is
supported in configuration readback. Table 9 shows the check pattern configuration during
readback. Table 8 shows the timing for the Configuration Register read and write
operations. Strobe CONV to begin normal operation, that is, CONV must not toggle during
the readback operation.

Table 8. Timing Requirements for the Configuration Register Read/Write

MIN TYP MAX UNIT
twTrsT Wait Required from Reset High to First Rising Edge of CLK_CFG 2 us
b Wait Required from Last CLK_CFG of Write Operation to 2 s
WTWR First DCLK of Read Operation H
tstcr Set-Up Time from DIN_CFG to Falling Edge of CLK_CFG 10 ns
tHpcr Hold Time for DIN_CFG After Falling Edge of CLK_CFG 10 ns
trsT Pulse Width for RESET Active 1 us

Table 9. Check Pattern During Readback
FORMAT CHECK PATTERN TOTAL
BIT (Hex) READBACK BITS
0 180 0s, 30F066012480F6h 1024
1 228 0s, 30F066012480F69055h 1280
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In 16-bit mode (format = 0), only 256 Os are read before the Configuration Register write and read operations.

Figure 30. Configuration Register Write and Read Operations
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8.6 Register Maps

Configuration Register Bit Assignments

BIT 15

BIT 14

BIT 13

BIT 12

BIT 11

BIT 10 BIT 9 BIT 8

0

0

Clkdiv

0 0

Range[1] Range[0] Format

BIT 7

BIT 6

BITS5

BIT 4 BIT 3

BIT 2 BIT1 BITO

Version

0

0

Reserved

0 0 Test

Bits 15:14
Bit 13

Bits 12:11
Bits 10:9

Bit 8

Bit 7

Bits 6:5
Bit 4

Bits 3:1
Bit 0

These bits must always be set to 0.

Clkdiv

The CIkdiv input enables an internal divider on the system clock as shown in Table 10. When
Clkdiv = 1, the system clock is divided by 4. This configuration allows a system clock that is
faster by a factor of four, which in turn provides a finer quantization of the integration time,
because the CONV signal must be synchronized with the system clock for the best performance.

0 = Internal clock divider set to 1
1 = Internal clock divider set to 4

Table 10. Clkdiv Operation

Clkdiv BIT

CLK DIVIDER VALUE

CLK FREQUENCY

INTERNAL CLOCK FREQUENCY

0

1

5 MHz

5 MHz

1

4

20 MHz

5 MHz

These bits must always be set to 0.
Range[1:0]
These bits set the full-scale range.

00 =Range 0 =12.5pC
01 =Range 1 =50 pC

Format

10 = Range 2 =100 pC
11 = Range 3 =150 pC

Format selects how many bits are used in the data output word.

0 = 16-bit output
1 = 20-bit output

Version

This bit must be set to match the device being used.
Must be set to 0 for DDC264C.
Must be set to 1 for DDC264CK.

These bits must always be set to 0.
Reserved

This bit is reserved and must be set to 0.
These bits must always be set to 0.
Test

When Test Mode is used, the inputs (IN1 through IN64) are disconnected from the DDC264
integrators to enable the user to measure a zero input signal regardless of the current supplied
to the inputs.

0 = TEST mode off
1 = TEST mode on
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9 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.

9.1 Application Information

A typical application case of the DDC family of products, including the DDC264, is the measurement of currents
produced by photodiodes when excited by light, or the equivalent charge over a period of time (see Equation 5).
The DDC264 can measure 64 channels simultaneously. As explained in Functional Block Diagram, the
measurement is done by integrating the currents during a given time, set by the two consecutive edges of the
CONV signal, provided by the system, see Figure 19. The result of the integration is shown in Equation 5.

te
Q= '[ i(t) dt
4

where
et and t; represent the instant where the integration starts and finishes, respectively
e i(t) the input current (which is a function of time)
* Q the reported result by the DDC (5)

All temporal information of i in that interval is lost and only an equivalent average i can be obtained.

The user must also provide a CLK signal used to run all the internal circuits, including the ADCs, which converts
the result of the integration and generate a DVALID pulse to indicate that the conversion is done. The controller,
then, can read that data, before it gets erased by the next conversion. The following sections explain the
necessary control signals to operate the device, and the choices that the circuit designer can make.

24 Submit Documentation Feedback Copyright © 2006-2016, Texas Instruments Incorporated
Product Folder Links: DDC264


http://www.ti.com/product/ddc264?qgpn=ddc264
http://www.ti.com
http://www.ti.com/product/ddc264?qgpn=ddc264
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS368D&partnum=DDC264

13 TEXAS
INSTRUMENTS

www.ti.com

DDC264

SBAS368D —MAY 2006—REVISED DECEMBER 2016

9.2 Typical Application
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Typical Application (continued)
9.2.1 Design Requirements

For the following example, assume the user wants to measure the current coming from 128 photodiodes every
500 ps, and the maximum current per photodiode is 250 nA.

9.2.2 Detailed Design Procedure

9.2.2.1 Input Connection

Figure 31 represents a top level schematic of a solution for this case. 2 DDC264 are used. Inputs are
represented on the top schematic by the two connectors on the left and right sides.

The photodiodes must be connected to the inputs in such a way that the current flows into the device. To
achieve that, usually the anode of the photodiode is connected to the input of the device (see Figure 20) and the
cathode to a node with the same or higher voltage, in such a way that the photodiode is reverse biased or not
biased at all. The application usually determines the choice. No bias minimizes dark current in the photodiode;
therefore, minimizing errors during the integration or measurement of small signal currents. Nevertheless, the
parasitic junction capacitance of the photodiode decreases with the reverse bias voltage. The lower the input
capacitance, the lower the input noise (see Table 1). As such, applying a reverse bias reduces the noise of the
measurement while increasing the dark current. The user must choose depending on their application. In
applications with small signal currents, usually no bias is applied. In that case, the cathodes can be connected to
AGND.

Notice that although only positive currents (in the direction towards the inside of the device) can be measured,
the device has around 0.4% margin towards the negative excursion. In this way, small offsets and negative
currents do not saturate the device in the bottom rail and can be detected and measured.

9.2.2.2 Selecting Integration Time, Device Clock, and Range

The second step is to select the right integration time. There may be system level constraints that set this. For
instance, to get at least a given number of readings per second. Going faster than that may not be helpful,
degrade performance and increase power unnecessarily. In this case, the user wants to, at least, get 2 KSPS
(integration time = 500 us). With 500 ps, the maximum integrated charge would be 250 nA x 500 us = 125 pC.
This is too much for Range 2 (100 pC full scale) but falls comfortably in Range 3 (150 pC). As such, the likely
preferred option is to use Range 3 by setting bits 9 and 10 to one. Another potential option is to run the device
slightly faster such that Range 2 can be used. In this case, 100 pC/250 nA = 400 pus, or 2.5 KSPS. Notice that
this frequency (the frequency at which input currents are sampled) is actually 2x the frequency of the CONV
signal. That is, 400 ps is half the period of the CONV signal, i.e. the time between two consecutive edges of the
CONV signal.

The user must check the specification and performance curves to see the differences between both ranges for
the specific conditions. Normally, performance may be close in both cases and operating the device slower may
give some extra advantage on power and help relax practical system constraints.

For this particular case, both choices can be supported with the lower speed version device (DDC264C version),
which supports up to 3 KSPS. As such, to benefit from this, the user must set bit 7 to zero. In this mode, the
maximum internal clock is 5 MHz, so the user can choose to drive the CLK pin of the device with a 5-MHz clock
maximum or with a 20-MHz clock maximum and the internal divide by 4 (setting register bit 13 to one).

Notice that using a slower external clock is also possible, but the ADC conversion lasts longer (see tpg in
Table 2). This affects the time left to capture data after DVALID and before CONV edge (see Reading the
Measurement)

9.2.2.3 Voltage Reference

It is critical that Vrge be stable during the different modes of operation (see Figure 22). The A/D converter
measures the voltage on the integrator with respect to Vgee. Because the integrator capacitors are initially reset
to Vrer, any drop in Vger from the time the capacitors are reset to the time when the converter measures the
integrator output introduces an offset. It is also important that Vger be stable over longer periods of time because
changes in Vggr correspond directly to changes in the full-scale range. Finally, Vggr must introduce as little
additional noise as possible.
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Typical Application (continued)

For these reasons, it is strongly recommended that the external reference source be buffered with an operational
amplifier, as shown in Figure 32. In this circuit, the voltage reference is generated by a +4.096 V reference. A
low-pass filter to reduce noise connects the reference to an operational amplifier configured as a buffer. This
amplifier must have low noise and input/output common-mode ranges that support Vgee. Even though the circuit
in Figure 32 might appear to be unstable because of the large output capacitors, it works well for the OPA350. Tl
does not recommend a series resistor be placed at its output to improve stability, because this can cause a drop
in Vger Which produces large offsets. 10 pF and 0.7 Q are good initial values for the decoupling network close to
the DDC264, but may have to be optimized depending on its placement and board layout.

+5V
0.47uF
5 1
To VREF Pin on
P 1kQ the DDC264
REF3040
‘/\/\/\ 0.7Q 0.7Q
1

00pF" 10pF"

<

[ —

Near Each DDC
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(1) Ceramic X5R capacitors are recommended.

Figure 32. Recommended External Voltage Reference Circuit for Best Low-Noise Operation

Figure 31 shows a portion of the driving circuit on the top part, driving one of the DDC264. This assumes that the
output of the reference IC is routed from somewhere else, due, for instance, to space limitations on the board.
Being the reference noise critical for the final performance of the system, Tl recommends shielding and passing
the filter the signal low. The bottom of Figure 31 shows the second DDC264 where the reference is driven by the
same buffer as the first DDC and only a decoupling network is added close to the device. This is again assuming
space and cost limitations. Ideally the use of two different buffers, one close to each reference, isolates
interactions between both devices from being coupled through the reference line.

9.2.2.4 Reading the Measurement

As explained in Data Retrieval, the data can be read as soon as DVALID goes low. The user can choose to
monitor this signal or simply wait a period of time predicted by tpg in Table 2. For this example, assuming that a
CLK frequency of 5 MHz was selected, the data would be ready after approximately 276 ps. Staying with Range
3, the integration time is 500 ps and as such, after detecting DVALID, there is approximately 500 ps — 276 ps to
read the data. We assume 220 ps to avoid getting too close to the CONV edge. In 20 bit mode, reading two
DDC264, with daisy chain between DOUT and DIN, see Figure 31, would take 128 x 20 x (1/32 MHz) = 80 s,
which fits in the interval between DVALID and next CONV edge. This minimizes noise due to the DCLK and
DOUT switching during the conversion of the ADC (which happens from CONV edge to /DVALID) and can help
improve the performance. In Figure 31, both converters are connected in daisy chain, which minimizes the
number of traces being routed back to the controller. One small drawback of this approach versus shifting the
data of both DDC264 in parallel (without the daisy chain) is that the outputs switch for longer time (2x),
increasing the total power by a small fraction (as the output switching power is only a small portion of the total
power consumption). Another solution is to transfer part or all the data during the ADC conversion (see Retrieval
Before and After CONV Toggles and Retrieval After CONV Toggles). A potential way to minimize this noise,
specially if the DOUT traces are long is to buffer them on board, close to the device.
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9.2.3 Application Curve

The frequency response of the DDC264 is set by the front-end integrators and is that of a traditional continuous
time integrator, as shown in Figure 33. By adjusting the integration time, t\r, the user can change the 3-dB
bandwidth and the location of the notches in the response. The frequency response of the A/D converter that
follows the front-end integrator is of no consequence because the converter samples a held signal from the
integrators. That is, the input to the A/D converter is always a DC signal. The output of the front-end integrators
are sampled; therefore, aliasing can occur. Whenever the frequency of the input signal exceeds one-half of the
sampling rate the signal folds back down to lower frequencies.
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Figure 33. Frequency Response
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10 Power Supply Recommendations

10.1 Power-Up Sequencing

Before device power-up, all digital and analog inputs must be low. At the time of power-up, all of these signals
must remain low until the power supplies have stabilized, as shown in Figure 34. The analog supply must come
up before or at the same time as the digital supply. At this time, begin _supplying the master clock signal to the
CLK pin. Wait for time tpog, then give a RESET pulse. After releasing RESET, the Configuration Register must
be written. Table 11 shows the timing for the power-up sequence.

Power Supplies
— trst
: ™
|
RESET | / J

(. L
)Y

)y

CLK

Write to the
Configuration Register

Configuration
Serial Interface

Figure 34. DDC264 Timing Diagram at Power-Up

Table 11. Timing for DDC264 Power-Up Sequence

MIN  TYP MAX| UNIT
tPoRr Wait after power-up until reset 250 ms

10.2 Power Supplies and Grounding

Both AVDD and DVDD must be as quiet as possible. It is particularly important to eliminate noise from AVDD
that is non-synchronous with the DDC264 operation. Figure 35 illustrates how to supply power to the DDC264.
Each DDC264 has internal bypass capacitors on AVDD and DVDD; therefore, the only external bypass
capacitors typically required are 10-uF ceramic capacitors, one per PCB. Tl recommends connecting both the
analog and digital grounds (AGND and DGND) to a single ground plane on the PCB.
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DDC264
- Digital 26
Supply
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L
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T

0.1yF
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\
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Figure 35. Power Supply Connections
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11 Layout

11.1 Layout Guidelines

11.1.1 Shielding Analog Signal Paths

As with any precision circuit, careful PCB layout ensures the best performance. It is essential to make short,
direct interconnections and avoid stray wiring capacitance—particularly at the analog input pins and QGND. The
analog input pins are low-impedance and extremely sensitive to extraneous noise. The QGND pin must be
treated as a sensitive analog signal and connected directly to the supply ground with proper shielding. Leakage
currents between the PCB traces can exceed the input bias current of the DDC264 if shielding (guard) is not
implemented. Digital signals (including digital supply) must be kept as far as possible from the analog input
signals on the PCB. If possible, avoid running digital supply planes over analog ground or signals.

11.1.2 Power Supply Routing

Figure 36 shows a diagram summarizing the concept behind the power supply distribution used in the DDC264
evaluation module (EVM).

In theoretical terms, from an isolation perspective, generating all required supplies from different sources (LDOS)
may be the best but may actually be not practical/too costly. In Figure 36, an analog supply is used to generate
and drive the VREF/Buffer supplies and the DDC AVDD. The AGND runs parallel to this plane (above or below).
The VREF signal is also routed in the same location. As seen on the figure, these do not overlap with the digital
supply/ground/signals at any moment.

Away from the analog portion, a digital supply can be used/shared between the FPGA and the DDC.
Nevertheless a star configuration is used to isolate the effect between both as much as possible. For the same
reason, the physical planes of both digital supplies are also separated.

Notice nevertheless, that it is not a bad practice to include places along the separation between all these planes
to allow for shorts, whether through a zero value resistor or a ferrite bead. This enables fine tuning of the design
performance.

11.1.3 Reference Routing

In the case where only one reference buffer is used for multiple DDCs, all reference pins must be as isolated as
possible from each other to avoid interactions between devices. One potential approach to this is to do a star
connection where the traces to the reference of each device are connected to the others only at the output of the
driver. Keep VREF shielded from any noisy signals, like digital traces or supplies.
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11.2 Layout Example
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Figure 36. DDC264 Layout Example
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12 Device and Documentation Support

12.1 Receiving Notification of Documentation Updates

To receive naotification 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.

12.2 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 TI's views; see TI's Terms of
Use.

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

12.3 Trademarks

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

12.4 Electrostatic Discharge Caution

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

12.5 Glossary

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

13 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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
DDC264CKZAW Active Production NFBGA (ZAW) | 100 168 | JEDEC Yes SNAGCU Level-3-260C-168 HR 0to 70 DDC264K
TRAY (10+1)
DDC264CKZAW.A Active Production NFBGA (ZAW) | 100 168 | JEDEC Yes SNAGCU Level-3-260C-168 HR Oto 70 DDC264K
TRAY (10+1)
DDC264CKZAW.B Active Production NFBGA (ZAW) | 100 168 | JEDEC - Call Tl Call Tl 0to 70
TRAY (10+1)
DDC264CKZAWR Active Production NFBGA (ZAW) | 100 1000 | LARGE T&R Yes SNAGCU Level-3-260C-168 HR 0to 70 DDC264K
DDC264CKZAWR.B Active Production NFBGA (ZAW) | 100 1000 | LARGE T&R - Call TI Call Tl 0to 70
DDC264CZAW Active Production NFBGA (ZAW) | 100 168 | JEDEC Yes SNAGCU Level-3-260C-168 HR 0to 70 DDC264
TRAY (10+1)
DDC264CZAW.A Active Production NFBGA (ZAW) | 100 168 | JEDEC Yes SNAGCU Level-3-260C-168 HR 0to 70 DDC264
TRAY (10+1)
DDC264CZAW.B Active Production NFBGA (ZAW) | 100 168 | JEDEC - Call TI Call Tl 0to 70
TRAY (10+1)
DDC264CZAWR Active Production NFBGA (ZAW) | 100 1000 | LARGE T&R Yes SNAGCU Level-3-260C-168 HR 0to 70 DDC264
DDC264CZAWR.B Active Production NFBGA (ZAW) | 100 1000 | LARGE T&R - Call TI Call Tl 0to 70

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

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

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.
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Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI'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 TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q3 1 Q4 Q3 | User Direction of Feed

[ & |
T T

AN

Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant

(mm) |W1(mm)
DDC264CKZAWR NFBGA | ZAW | 100 | 1000 330.0 16.4 9.3 9.3 15 12.0 | 16.0 Q1
DDC264CZAWR NFBGA | ZAW | 100 [ 1000 330.0 16.4 9.3 9.3 15 12.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DDC264CKZAWR NFBGA ZAW 100 1000 350.0 350.0 43.0
DDC264CZAWR NFBGA ZAW 100 1000 350.0 350.0 43.0
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TRAY
L - Outer tray length without tabs KO -
< > Outer
tray
++++++++++++++ 4+ heignt
- A
++++++++++++++ +
| W -
1 e e e e e e i e e i e i o [ PO
— tra
[+ +++++++++++++ +[{0
++++++++++++++ 4+
> | |
{F+++++4F+++++++
i ‘— [ i
|
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(69
DDC264CKZAW ZAW NFBGA 100 168 8x21 150 315 | 135.9 | 7620 | 14.75 10 12.7
DDC264CKZAW.A ZAW NFBGA 100 168 8x21 150 315 | 135.9 | 7620 | 14.75 10 12.7
DDC264CZAW ZAW NFBGA 100 168 8x21 150 315 | 135.9 | 7620 | 14.75 10 12.7
DDC264CZAW.A ZAW NFBGA 100 168 8x21 150 315 | 135.9 | 7620 | 14.75 10 12.7
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PACKAGE OUTLINE

ZAWO100A NFBGA - 1.5 mm max height
PLASTIC BALL GRID ARRAY
B T 5.9
BALL Al—
CORNER
9.1
8.9
15
1.2
L
L 0 0 G S 0 W G R G I 0 S} SEATING PLANE
0 ] &
TYP ———
SYMM (0.9)
¢
{
K@OOOOOOOO+1W
| ooooolooooo ©9)
{ O0O000O0O00O0
0000000000
w 10000000000 |spm
' { 0000000000
o O0O00000000
{ oooooloooo
Ls®oooooooo%\ﬂmw%
0.41
AJA?®OOOPOOOO NETE0E
TYP Aj 2 3 4 5 | 6 7 8 9 10 ¢0'08@ C‘
TYP 4219786/A 01/2025
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
ZAWO100A NFBGA - 1.5 mm max height

PLASTIC BALL GRID ARRAY

100X (& 0.4 \(@W (0.8) TYP

o cNoNoNelloNeNoNoNe
L ® 000000000
0000000000
.0 00000000 O0
0 0 000100000 am
0000000000
O 000000000
OO00000000O0
OO0OO0OO0O0000O0O0
O 000000000

AN oSt shL Snou -
J 09 o TT

(PREFERRED) " 50| DER MASK DETAILS

NOT TO SCALE
4219786/A 01/2025

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For information, see Texas Instruments literature number SPRAA99 (www.ti.com/lit/spraa99).
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EXAMPLE STENCIL DESIGN
ZAWO100A NFBGA - 1.5 mm max height

PLASTIC BALL GRID ARRAY

100X (50.4) \@)W (0.8) TYP

. 8) TYP

oéo
OO0 00 ®
OO0 OO0 O
OO0 OO0 O
UQU
O
OO0 00O
OO0 OO O
OO0 OO O

OO 00O
O0O0O0O0
O0O0O0O0
O0O00O0
) O 0 O
O
O0O0O0O0
O0O0O0O0
O0O00O0
O0O0O0O0

olfe

SYMM

SOLDER PASTE EXAMPLE

BASED ON 0.125 mm THICK STENCIL
SCALE: 12X

4219786/A 01/2025

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	1 Features
	2 Applications
	3 Description
	Table of Contents
	4 Revision History
	5 Device Comparison Table
	6 Pin Configuration and Functions
	7 Specifications
	7.1 Absolute Maximum Ratings
	7.2 ESD Ratings
	7.3 Recommended Operating Conditions
	7.4 Thermal Information
	7.5 Electrical Characteristics
	7.6 Typical Characteristics

	8 Detailed Description
	8.1 Overview
	8.2 Functional Block Diagram
	8.3 Feature Description
	8.3.1 Dual Switched Integrator: Basic Integration Cycle
	8.3.2 Integration Capacitors
	8.3.3 Voltage Reference
	8.3.4  Serial Data Output and Control Interface
	8.3.4.1 System and Data Clocks (CLK and DCLK)
	8.3.4.2 CONV: Setting the Integration Time
	8.3.4.3 Data Valid (DVALID)
	8.3.4.4 Data Format
	8.3.4.5 Data Retrieval


	8.4 Device Functional Modes
	8.5 Programming
	8.5.1 Reset (RESET)
	8.5.2 Configuration Register — Read and Write Operations

	8.6 Register Maps

	9 Application and Implementation
	9.1 Application Information
	9.2 Typical Application
	9.2.1 Design Requirements
	9.2.2 Detailed Design Procedure
	9.2.2.1 Input Connection
	9.2.2.2  Selecting Integration Time, Device Clock, and Range
	9.2.2.3 Voltage Reference
	9.2.2.4  Reading the Measurement

	9.2.3 Application Curve


	10 Power Supply Recommendations
	10.1 Power-Up Sequencing
	10.2 Power Supplies and Grounding

	11 Layout
	11.1 Layout Guidelines
	11.1.1 Shielding Analog Signal Paths
	11.1.2 Power Supply Routing
	11.1.3 Reference Routing

	11.2 Layout Example

	12 Device and Documentation Support
	12.1 Receiving Notification of Documentation Updates
	12.2 Community Resources
	12.3 Trademarks
	12.4 Electrostatic Discharge Caution
	12.5 Glossary

	13 Mechanical, Packaging, and Orderable Information

