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SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH +10-V INPUTS

SLAS262C — OCTOBER 2000 - REVISED MAY 2003

TLC3578, TLC2578
DW OR PW PACKAGE

® 14-Bit Resolution for TLC3574/78, 12-Bit for
TLC2574/2578

(TOP VIEW)

Maximum Throughput 200-KSPS
Multiple Analog Inputs: SCLK I |10 24 [T CSTART
- 8 Single-Ended Channels for Fs 1 (2 23 T AVpp

TLC3578/2578 Sbi LI |3 22 T AGND
- 4 Single-Ended Channels for EOC/INT L1 |4 21 T COmP

TLC3574/2574 sbo 1 |5 20 [T REFM

. DGND [T |6 19 11 REFP

Analog Input Range: 10V pVpp O |7 18 |FT AGND
Pseudodifferential Analog Inputs cs 1 (8 17 11 AVpp
SPI/DSP-Compatible Serial Interfaces With A0 LI |9 16 13 A7
SCLK up to 25-MHz 23 Lo |10 15 P17 ﬁg

. . T |1 14 143
Built-In Conversion Clock and 8x FIFO A3 C |12 13 1 Ag
Single 5-V Analog Supply; 3-/5-V Digital

Supply
Low-Power
— 5.8 mA in Normal Operation

TLC3574, TLC2574
DW, N, OR PW PACKAGE

- 20 pA in Power Down (TOP VIEW)
Programmable Autochannel Sweep and scLK 1] |10 20 T CSTART
Repeat Fs T |2 19 M1 AVpp
Hardware-Controlled, Programmable Sbl 1 (3 18 T AGND
Sampling Period EOC/INT I |4 17 I COMP
) . spo 1 |5 16 [T REFM
°
Hardware Default Configuration oanp = s 15 FO rerp
® INL: TLC3574/78: +1LSB; pvpp O |7 14 1 AGND
TLC2574/78: +0.5 LSB cs |s 13 F01 Avpp
® DNL: TLC3574/78: 0.5 LSB; A0 T |9 12 T A3
TLC2574/78: +0.5LSB A1 [T |10 111 A2

® SINAD: TLC3574/78: 79 dB;
TLC2574/78: 72 dB

TLC3574/78: -82 dB;
TLC2574/78: -82 dB

® THD:

description

The TLC3574, TLC3578, TLC2574, and TLC2578 are a family of high-performance, low-power, CMOS
analog-to-digital converters (ADC). TLC3574/78 is a 14-bit ADC; TLC2574/78 is a 12-bit ADC. All parts operate
from single 5-V analog power supply and 3-V to 5-V digital supply. The serial interface consists of four digital
input [chip select (CS), frame sync (FS), serial input-output clock (SCLK), serial data input (SDI)], and a 3-state
serial data output (SDO). CS (works as SS, slave select), SDI, SDO and SCLK form an SPI interface. FS, SDI,
SDO, and SCLK form DSP interface. The frame sync signal (FS) indicates the start of a serial data frame being
transferred. When multiple converters connect to one serial port of a DSP, CS works as the chip select to allow
the host DSP to access the individual converter. CS can be tied to ground if only one converter is used. FS must
be tied to DVpp if it is not used (such as in an SPI interface). When SDI is tied to DVpp, the device is set in
hardware default mode after power on and no software configuration is required. In the simplest case, only three
wires (SDO, SCLK, and CS or FS) are needed to interface with the host.

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

In addition to being a high-speed ADC with versatile control capability, these devices have an on-chip analog
multiplexer (MUX) that can select any analog input or one of three self-test voltages. The sample-and-hold
function is automatically started after the fourth SCLK (normal sampling) or can be controlled by a special pin,
CSTART, to extend the sampling period (extended sampling). The normal sampling period can also be
programmed as short sampling (12 SCLKs) or long sampling (44 SCLKs) to accommodate the faster SCLK
operation popular among high-performance signal processors. The TLC3574/78 and TLC2574/78 are
designed to operate with low-power consumption. The power saving feature is further enhanced with
autopower-down mode and programmable conversion speeds. The conversion clock (internal OSC) is built in.
The converter can also use an external SCLK as the conversion clock for maximum flexibility. The TLC3574/78
and TLC2574/78 are specified with bipolar input and a full scale range of £10 V.

AVAILABLE OPTIONS
PACKAGED DEVICES

TA 20-TSSOP 20-S0IC 20-PDIP 24-S0IC 24-TSSOP
(PW) (Bw) (N) (Dw) (PW)
TLC2574IPW | TLC2574IDW | TLC2574IN TLC2578IDW | TLC2578IPW

~40°C 10 85°C TLC3574IPW TLC3574IDW TLC3574IN TLC3578IDW TLC3578IPW

functional block diagram

DVpp AVpD
r—=""""""-"-"=" T T = A
REFP —} |
comp — |
REFM —+— |
I I
I I
xgt | x4* | . / I
A0 | A0 I " SAR FiFo | |
Analo >
AL | AL [ VX, > aoc [ P] xs ||
22 22 I Signal 0sC I
I Scaling e A I
A4 X | I—P'— SDO
AS | X | I—»— Conversion |
2(73 ); I Command > Clock |
I Decode I
I CFR |
SDI » I
| CMR (4 MSBs) |
scLk — . o  » |
cs — ° > |
[ »
FS o v Control I
I . 4-Bit > Logic - cocinT
| »1  Counter » |
CSTART I | I
. —————— e e <
T T
DGND AGND

T TLC3578, TLC2578

¥TLC3574, TLC2574 _ _

NOTE: 4-Bit counter counts the CLOCK, SCLK. The CLOCK is gated in by CS falling edge if CS initiates the conversion operation cycle, or gated
in by the rising edge of FS if FS initiates the operation cycle. SCLK is disabled for serial interface when CS is high.
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equivalent input circuit

VbD

Digital Input

C(sample) = 30 pF —

Equivalent Digital Input Circuit

REFM
Diode Turn on Voltage: 35 V

Equivalent Analog Input Circuit

Terminal Functions

TERMINAL
NO.
lfe} DESCRIPTION
NAME TLC3574 | TLC3578
TLC2574 | TLC2578

A0 A0 9 9 | Analog signal inputs. Analog input signals applied to these terminals are internally multiplexed. The

Al Al 10 10 driving source impedance should be less than or equal to 25 Q for normal sampling. For larger

A2 A2 11 11 source impedance, use the external hardware conversion start signal CSTART (the low time of

A3 A3 12 12 CSTART controls the sampling period) or reduce the frequency of SCLK to increase the sampling

A4 13 time.
A5 14
A6 15
A7 16

AGND 14,18 18, 22 | Analog ground return for the internal circuitry. Unless otherwise noted, all analog voltage
measurements are with respect to AGND.

AVDD 13,19 17,23 | Analog supply voltage

COMP 17 21 | Internal compensation pin. Install compensation capacitors 0.1 pF between this pin and AGND.

cs 8 8 | Chip select. When CSis high, SDO is in high-impedance state, SDI is ignored, and SCLK is
disabled to clock data, but works as conversion clock source if programmed. The falling edge of
CS input resets the internal 4-bit counter, enables SDI and SCLK, and removes SDO from
high-impedance state.

If FS is high at CS falling edge, CS falling edge initiates the operation cycle. CS works as slave
select (SS) to provide an SPI interface.

If FS is low at CS falling edge, FS rising edge initiates the operation cycle. CS can be used as chip
select to allow host to access the individual converter.

CSTART 20 24 | External sampling trigger signal, which initiates the sampling from a selected analog input channel
when the device works in extended sampling mode (asynchronous sampling). A high-to-low
transition starts the sampling of the analog input signal. A low-to-high transition puts the S/H in hold
mode and starts the conversion. The low time of the CSTART signal controls the sampling period.
CSTART signal must stay low long enough for proper sampling. CSTART must stay high long
enough after the low-to-high transition for the conversion to finish maturely. The activation of
CSTART is independent of SCLK and the level of CS and FS. However, the first CSTART cannot
be issued before the rising edge of the eleventh SCLK. Tie this pin to DVpp if not used.

DGND | Digital ground return for the internal circuitry

DVpp | Digital supply voltage
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Terminal Functions (Continued)

TERMINAL

NAME

NO.

TLC3574 | TLC3578
TLC2574 | TLC2578

l{e]

DESCRIPTION

EOC(INT)

4

4

End of conversion (EOC) or interrupt to host processor (ﬁ)

EOC: used in conversion mode 00 only. EOC goes from high to low at the end of the sampling and
remains low until the conversion is complete and data is ready.

INT: Interrupt to the host processor. The falling edge of INT indicates data is ready for output. INT
is cleared by the following CS!, FST, or CSTART..

FS

Frame sync input from DSP. The rising edge of FS indicates the start of a serial data frame being
transferred (coming into or being sent out of the device). If FS is low at the falling edge of CS, the
rising edge of FS initiates the operation cycle, resets the internal 4-bit counter, and enables SDI,
SDO, and SCLK. Tie this pin to DVpp if FS is not used to initiate the operation cycle.

REFM

16

20

External low reference input. Connect REFM to AGND.

REFP

15

19

External positive reference input. The range of maximum input voltage is determined by the
difference between the voltage applied to this terminal and to the REFM terminal. Always install
decoupling capacitors (10 pF in parallel with 0.1 puF) between REFP and REFM.

SCLK

Serial clock input from the host processor to clock in the input from SDI and clock out the output
via SDO. It can also be used as the conversion clock source when the external conversion clock
is selected (see Table 2). When CS is low, SCLK is enabled. When CS is high, SCLK is disabled
for the data transfer, but can still work as the conversion clock source.

SDI

Serial data input. The first 4 MSBs, ID[15:12], are decoded as one 4-bit command. All trailing bits,
except for the WRITE CFR command, are filled with zeros. The WRITE CFR command requires
additional 12-bit data. The MSB of input data, ID(15), is latched at the first falling edge of SCLK
following FS falling edge if FS starts the operation, or latched at the falling edge of first SCLK
following CS falling edge when CS initiates the operation.

The remaining input data (if any) is shifted in on the rising edge of SCLK and latched on the falling
edge of SCLK. The input via SDI is ignored after the 4-bit counter counts to 16 (clock edges) or a
low-to-high transition of CS, whichever happens first. Refer to the timing specification for the timing
requirements. Tie SDI to DVpp if using hardware default mode (refer to Device Initialization).

SDO

The 3-state serial output for the A/D conversion result. All data bits are shifted out through SDO.
SDO is in the high-impedance state when CS is high. SDO is released after a CS falling edge. The
output format is MSB (OD15) first.

When FS initiates the operation, the MSB of output via SDO, OD(15), is valid before the first falling
edge of SCLK following the falling edge of FS.

When CS initiates the operation, the MSB, OD(15), is valid before the first falling edge of SCLK
following the CS falling edge.

The remaining data bits (if any) are shifted out on the rising edge of SCLK and are valid before the
falling edge of SCLK. Refer to the timing specification for the details.

In select/conversion operation, the first 14 bits (for TLC3574/78) or the first 12 bits (for TLC2574/78)
are the results from the previous conversion (data). In a READ FIFO operation, this data is from
FIFO. In both cases, the last two bits (for TLC3574/78) or the last four bits (for TLC2574/78) are
don't care.

In a WRITE operation, the output from SDO must be ignored.

SDO goes into high-impedance state at the 16th falling edge of SCLK after the operation cycle is
initiated. SDO s in high-impedance state during conversions in modes 01, 10, and 11.
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) T
Supply voltage, GND to AVpp and DVpDD  « « v o i e -0.3Vto6.5V
Analog INPUL VOItAgE FaNQE . .. oot e -17Vto 17V
ANAlog INPUL CUITENE . ..t e e e e e e e et e 100 mA MAX
Reference input VOItAgE . .. ... i AVpp + 0.3V
Digital input voltage range . ... ...t -0.3VtoDVpp+0.3V
Operating virtual junction temperaturerange, Ty ........... ... —40°C to 150°C
Operating free-air temperature range, TA . ...ttt e e —40°C to 85°C
Storage temMpPEerature ranNQe, Tgrg - -« ««« v e vn it et ettt e —65°C to 150°C
Lead temperature 1,6 mm (1.16 inch) from case for 10 seconds .............coiiiiiiineinn... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under electrical characteristics and timing
characteristics is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

general electrical characteristics over recommended operating free-air temperature range,
single-ended input, normal long sampling, 200 KSPS, AV pp=5V,VRerp =4V, VREEM =0V,
SCLK frequency = 25 MHz, fixed channel at CONV mode 00, analog input sighal source resistance
=25 Q (unless otherwise noted)

PARAMETER | TEST CONDITIONS | min - TYPT  maAx [uNiT
Digital Input
. L DVpp =5V 3.8
VIH High-level digital input voltage Y
DVpp =3V 2.1
. DVpp =5V 0.8
VIL Low-level digital input voltage \%
DVpp =3V 0.6
IIH High-level digital input current V| =DVpp 0.005 25 A
L Low-level digital input current V| =DGND -2.5 -0.005 A
Input capacitance 20 25 pF
Digital Output
. . DVpp =5V 4.2
VOH High-level digital output at 30 pF load |lg=-0.2 mA Y
DVpp =3V 2.4
lo = 0.8 MA 0.4
DVpp=5V
» lo = 50 uA 0.1
VoL Low-level digital output at 30 pF load Y
lo = 0.8 MA 0.4
DVpp=3V
lo = 50 uA 0.1
Off-state output current Vo =DVpp — 0.02 1
loz (high-impedance state) Vo = DGND CS=DVpbp -1 0.02 HA
Power Supply
AVDD 4.75 5 55| V
Supply voltage
DVpDp 2.7 5 55| Vv
AVpp current
Power SUDolv Cur- AICDCD Conversion clock is internal OSC, 4.2 S
lcc PR AVpD = 5.5V - 4.5V, CS = DGND, mA
BIVDD current | gy cluding bipolar input biasing current 1.6 20
CcC
Icc For all digital inputs = DVpp or DGND, | SCLK OFF 20
(autopwrdn):  Autopower-down power supply | AVDD = 5.5 V, Excluding bipolar input HA
current biasing current, external reference SCLK ON 175 230
Operating temperature -40 85 °C

T All typical values are at Tp = 25°C.
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general electrical characteristics over recommended operating free-air temperature range, single-
ended input, normal long sampling, 200 KSPS, AV

SCLK frequency = 25 MHz, fixed channel at CONV mode 00, analog input signal source
resistance = 25 Q (unless otherwise noted)

TLC3574/78 and TLC2574/78

pD =5V, VRepp =4V, VREEM =0V,

in mode 00 or 01

PARAMETER TEST CONDITIONS MIN  TYPT MAX | uNIT
Resolution 14 bits
Analog Input
Voltage range -10 10 \%
Selected channel at 10 V 0.8 1.6
Selected analog input channel bias current Selocted channel at —10 v 1o 12 mA
Impedance 10 kQ
Capacitance 30 pF
Reference
VREEP Positive reference voltage 3.96 4 404 \Y
VRerMm  Negative reference voltage 0 AGND \
ggflgz\lljecr;s’,\lloDn) (AVpp =5V, CS=DVpp, 100 MO
Input impedance Normal long sampling (AVpp =5V, &:DGND, 8.3 125 KQ
SCLK = 25 MHz, External conversion clock) ' '
No con_version (AlD_D =5V, 15 WA
SCLK = DGND, CS = DVpp)
Reference current Normal long sampling (AVpp =5 V, CS = DGND,
External conversion clock, SCLK = 25 MHz, 0.4 0.6 mA
VREF=5V)
Internal oscillation frequency DVpp=27V-55V 6.5 MHz
TLC3574/78 2.785
Internal OSC, 6.5 MHz minimum TLC2574/78 2015
{(com) conversion tme Conversion clock is external source, TLC3574/78 2.895 he
SCLK = 25 MHz (see Note 1) TLC2574/78 2.095
Acquisition time Normal short sampling 12 us
Throughput rate (see Note 2) Normal long sampling, fixed channel 200 KSPS

T All typical values are at T = 25°C.

NOTES: 1. Conversion time t(cony) is (18 x 4 x SCLK) + 15 ns for TLC3574/78. Conversion time is (13 x 4 x SCLK) + 15 ns for TLC2574/78.
2. This is for a fixed channel in conversion mode 00 or 01. When switching the channels, additional multiplexer setting time is required
to overcome the memory effect of the charge redistribution DAC.
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AC/DC performance over recommended operating free-air temperature range, single-ended input,
normal long sampling, 200 KSPS, AV pp =5V, VRerp =4V, VRepm = 0V, SCLK frequency = 25 MHz,
fixed channel at CONV mode 00, analog input signal source resistance = 25 Q (unless otherwise
noted)

TLC3574/78 DW and PW package device AC/DC performance

PARAMETER | TEST CONDITIONS | min o TYPT max | uNiT
DC Accuracy—Normal Long Sampling
EL Integral linearity error See Note 3 -1.5 +1 15 LSB
Ep Differential linearity error -1 0.5 1| LSB
Eo Bipolar zero error See Note 4 -0.30 +0.08 0.36| %FS
EFS(+) Positive full scale error See Note 4 -0.55 +0.04 0.61 | %FS
EFs(-) Negative full scale error See Note 4 -0.30 +0.13  0.79 [ %FS
DC Accuracy—Normal Short Sampling
EL Integral linearity error See Note 3 +1 LSB
Ep Differential linearity error +0.5 LSB
Eo Bipolar zero error See Note 4 +0.08 %FS
E|:g(+) Positive full scale error See Note 4 +0.04 %FS
EFs(-) Negative full scale error See Note 4 +0.13 %FS
AC Accuracy (see Note 3)—Normal Long Sampling
. . ) ) . fi=20 kHz 76 79
SINAD Signal-to-noise ratio + distortion dB
fj = 100 kHz 75
o . fi=20 kHz -82 =77
THD Total harmonic distortion dB
fj = 100 kHz -78
. . . fi = 20 kHz 78 80
SNR Signal-to-noise ratio dB
fj = 100 kHz 78
. . fi = 20 kHz 12.3 12.8 )
ENOB Effective number of bits Bits
fj = 100 kHz 12.2
. . fj = 20 kHz 78 84
SFDR Spurious free dynamic range dB
fj = 100 kHz 79

Fixed channel in conversion mode 00, fj = 35 kHz,

Channel-to-channel isolation See Notes 2 and 5 81 dB
od i bandwidth Full power bandwidth, -3 dB 1 MHz
Analog input bandwidt Full power bandwidth, -1 dB 700 kHz

T All typical values are at Tp = 25°C.
NOTES: 2. Thisis for a fixed channel in conversion mode 00 or 01. When switching the channels, additional multiplexer setting time is required
to overcome the memory effect of the charge redistribution DAC.
3. Linear error is the maximum deviation from the best fit straight line through the A/D transfer characteristics.
4. Bipolar zero error is the difference between 10000000000000 and the converted output for zero input voltage; positive full-scale error
is the difference between 11111111111111 and the converted output for positive full-scale input voltage (10 V); negative full-scale
error is the difference between 00000000000000 and the converted output for negative full-scale input voltage (=10 V).
5. Itis measured by applying a full-scale of 35 kHz signal to other channels and determining how much the signal is attenuated in the
channel of interest. The converter samples this examined channel continuously. The channel-to-channel isolation is degraded if the
converter samples different channels alternately.
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TLC3574/78 DW and PW package device AC/DC performance (continued)

PARAMETER | TEST CONDITIONS | MIN  TYPT  MAX | UNIT
AC Accuracy—Normal Short Sampling

. ) . . . fi = 20 kHz 79

SINAD Signal-to-noise ratio + distortion dB
fj = 100 kHz 75
o . fi = 20 kHz -82

THD Total harmonic distortion dB
fj = 100 kHz -78
. ) . fi = 20 kHz 80

SNR Signal-to-noise ratio dB
fj = 100 kHz 78

. . fi = 20 kHz 12.8 .

ENOB Effective number of bits Bits
fj = 100 kHz 12.2
. . fi = 20 kHz 84

SFDR Spurious free dynamic range dB
fj = 100 kHz 79

Channel-to-channel isolation Fixed channel in conversion mode 00, fji= 35 kHz, 81 dB

See Notes 2 and 5
| bandwidth Full power bandwidth, -3 dB 1 MHz
A i t idt -
nalog input bandwi Full power bandwidth, -1 dB 700 kHz

iy typical values are at Tp = 25°C.
NOTES: 2. Thisis for a fixed channel in conversion mode 00 or 01. When switching the channels, additional multiplexer setting time is required
to overcome the memory effect of the charge redistribution DAC.
5. Itis measured by applying a full-scale of 35 kHz signal to other channels and determining how much the signal is attenuated in the
channel of interest. The converter samples this examined channel continuously. The channel-to-channel isolation is degraded if the
converter samples different channels alternately.
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TLC35741 N package device AC/DC performance

PARAMETER | TEST CONDITIONS [ MmN TPt max | uniT
DC Accuracy—Normal Long Sampling
EL Integral linearity error See Note 3 -15 +1 15| LSB
Ep Differential linearity error -1 +0.8 15| LSB
Eo Bipolar zero error See Note 4 -0.30 +0.08 0.36| %FS
EFs(+) Positive full scale error See Note 4 -0.55 +0.04 0.61| %FS
EFs() Negative full scale error See Note 4 -0.30 £0.13  0.79 | %FS
DC Accuracy—Normal Short Sampling
EL Integral linearity error See Note 3 +1.8 LSB
Ep Differential linearity error 0.8 LSB
Eo Bipolar zero error See Note 4 +0.08 %FS
EFs(+) Positive full-scale error See Note 4 +0.04 %FS
EFs(H) Negative full-scale error See Note 4 +0.13 %FS

AC Accuracy (see Note 3)—Normal Long Sampling
fi=20 kHz 75 78

SINAD Signal-to-noise ratio + distortion dB

fi = 100 kHz 75
S fi = 20 kHz -82  -77

THD Total harmonic distortion dB
fi = 100 kHz -75
) ) ) fi = 20 kHz 78 80

SNR Signal-to-noise ratio dB
fj = 100 kHz 76

] ] fi = 20 kHz 12.2 12.7 ]

ENOB Effective number of bits Bits
fj = 100 kHz 12.2
] ] fi = 20 kHz 78 83

SFDR Spurious free dynamic range dB
fi = 100 kHz 75

Fixed channel in conversion mode 00, fj = 35 kHz,

Channel-to-channel isolation See Notes 2 and 5 81 dB
g bandwidth Full power bandwidth, -3 dB 1 MHz
Analog input bandwidt Full power bandwidth, -1 dB 700 KHZ

T Al typical values are at Tp = 25°C.
NOTES: 2. Thisis for a fixed channel in conversion mode 00 or 01. When switching the channels, additional multiplexer setting time is required
to overcome the memory effect of the charge redistribution DAC.
3. Linear error is the maximum deviation from the best fit straight line through the A/D transfer characteristics.
4. Bipolar zero error is the difference between 10000000000000 and the converted output for zero input voltage; positive full-scale error
is the difference between 11111111111111 and the converted output for positive full-scale input voltage (10 V); negative full-scale
error is the difference between 00000000000000 and the converted output for negative full-scale input voltage (=10 V).
5. Itis measured by applying a full-scale of 35 kHz signal to other channels and determining how much the signal is attenuated in the
channel of interest. The converter samples this examined channel continuously. The channel-to-channel isolation is degraded if the
converter samples different channels alternately.
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TLC35741 N package device AC/DC performance (continued)

PARAMETER | TEST CONDITIONS | MIN  TYPT  MAX | UNIT
AC Accuracy—Normal Short Sampling

. ) . . . fi = 20 kHz 76
SINAD Signal-to-noise ratio + distortion dB
fj = 100 kHz 70
o . fi = 20 kHz -81
THD Total harmonic distortion dB
fj = 100 kHz 74
. ) . fi = 20 kHz 78
SNR Signal-to-noise ratio dB
fj = 100 kHz 75
. . fi = 20 kHz 12.3 .
ENOB Effective number of bits Bits
fj = 100 kHz 11.3
. . fi = 20 kHz 83
SFDR Spurious free dynamic range dB
fj = 100 kHz 75
Channel-to-channel isolation Fixed channel in conversion mode 00, fji= 35 kHz, 81 dB
See Notes 2 and 5
| bandwidth Full power bandwidth, -3 dB 1 MHz
A i t idt -
nalog input bandwi Full power bandwidth, -1 dB 700 kHz

iy typical values are at Tp = 25°C.
NOTES: 2. Thisis for a fixed channel in conversion mode 00 or 01. When switching the channels, additional multiplexer setting time is required
to overcome the memory effect of the charge redistribution DAC.
5. Itis measured by applying a full-scale of 35 kHz signal to other channels and determining how much the signal is attenuated in the
channel of interest. The converter samples this examined channel continuously. The channel-to-channel isolation is degraded if the
converter samples different channels alternately.
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TLC2574/78 DW and PW package devices AC/DC performance

PARAMETER TEST CONDITIONS | MIN  TYPT  MAX | UNIT
DC Accuracy
EL Integral linearity error See Note 6 -1 +0.5 1| LSB
Ep Differential linearity error -1 0.5 1| LSB
Eo Bipolar zero error See Note 7 -0.30 +0.08 0.36 | %FS
EfFs(+)  Positive full scale error See Note 7 -0.55 +0.04 061 %FS
EFs(-)  Negative full scale error See Note 7 -0.30 £0.13  0.79 | %FS
AC Accuracy
) ) ) ] ) fi=20 kHz 70 72
SINAD Signal-to-noise ratio + distortion fi = 100 KHz 70 dB
o ) fi = 20 kHz -82 -76
THD Total harmonic distortion = 100 kHz 80 dB
) ) ] fi= 20 kHz 71 72
SNR Signal-to-noise ratio fi = 100 KMz 71 dB
fi=20 kHz 11.3 11.7
ENOB Effective number of bits i = 100 kHz 113 Bits
] ) fi=20 kHz 78 83
SFDR Spurious free dynamic range i = 100 kKHz 80 dB
Full power bandwidth, -3 dB 1 MHz
Analog input bandwidth Full power bandwidth, -1 dB 700 kHz
Channel-to-channel Isolation gzs?\lg:]:gnel in conversion mode 00, fj = 35 kHz, 81 dB

T All typical values are at Tp = 25°C.
NOTES: 6. Linear error is the maximum deviation from the best fit straight line through the A/D transfer characteristics.
7. Bipolar zero error is the difference between 100000000000 and the converted output for zero input voltage; positive full-scale error

is the difference between 111111111111 and the converted output for positive full-scale input voltage (10 V); negative full-scale error

is the difference between 000000000000 and the converted output for negative full-scale input voltage (-10 V).

8. Itis measured by applying a full-scale of 35 kHz signal to other channels and determining how much the signal is attenuated in the
channel of interest. The converter samples this examined channel continuously. The channel-to-channel isolation is degraded if the
converter samples different channels alternately.
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TLC25741 N package device AC/DC performance

See Note 8

PARAMETER | TEST CONDITIONS | MIN TYPT MAX | UNIT
DC Accuracy
EL Integral linearity error see Note 6 -1 $0.7 1| LSB
Ep Differential linearity error -1 0.7 1| LSB
Eo Bipolar zero error see Note 7 -0.30 +0.08 0.36 | %FS
EfFs(+)  Positive full-scale error see Note 7 -0.55 +0.04 0.61| %FS
EFs(-)  Negative full-scale error see Note 7 -0.30 +0.13 0.79 | %FS
AC Accuracy
_ _ o fi = 20 kHz 70 72
SINAD  Signal-to-noise + distortion = 100 KHz 70 dB
o fi = 20 kHz -82  -76
THD Total harmonic distortion = 100 kHz 5 dB
_ _ _ fi= 20 kHz 70 72
SNR Signal-to-noise ratio = 100 KHz 1 dB
fi = 20 kHz 1.3 1.7
ENOB Effective number of bits Bits
f{ = 100 kHz 11.3
) ) fi = 20 kHz 77 83
SFDR Spurious free dynamic range = 100 KHz 75 dB
Full power bandwidth, -3 dB 1 MHz
Analog input bandwidth Full power bandwidth, -1 dB 700 kHz
Channel-to-channel Isolation Fixed channel in conversion mode 00, fj = 35 kHz, 81 dB

T All typical values are at Tp = 25°C.

NOTES: 6. Linear error is the maximum deviation from the best fit straight line through the A/D transfer characteristics.

7. Bipolar zero error is the difference between 100000000000 and the converted output for zero input voltage; positive full-scale error
is the difference between 111111111111 and the converted output for positive full-scale input voltage (10 V); negative full-scale error
is the difference between 000000000000 and the converted output for negative full-scale input voltage (=10 V).

8. Itis measured by applying a full-scale of 35 kHz signal to other channels and determining how much the signal is attenuated in the
channel of interest. The converter samples this examined channel continuously. The channel-to-channel isolation is degraded if the

converter samples different channels alternately.
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timing requirements over recommended operating free-air temperature range, AV DD=5V,
DVpp =5V, VRepp =4 V, VRepMm = 0V, SCLK frequency = 25 MHz (unless otherwise noted)

SCLK, SDI, SDO, EOC and INT

PARAMETERS MIN TYP MAX UNIT
DVpp =27V 100
te(1) Cycle time of SCLK, 25 pF load (see Note 10) ns
DVpp =5V 40
tw(1)  Pulse width of SCLK High, at 25-pF load 40% 60% tc(1)
— DVpp =5V 6
tr(1) Rise time for INT and EOC, at 10-pF load ns
DVpp =27V 10
J— DVpp =5V 6
t(1) Fall time for INT and EOC, at 10-pF load ns
DVpp =27V 10
tsu(1) Setup time, new SDI valid (reaches 90% final level) before the falling edge of SCLK, at 25-pF load 6 - ns
th(1) Hold time, old SDI hold (reaches 10% of old data level) after falling edge of SCLK, at 25-pF load 0 - ns
Delay time, new SDO valid (reaches 90% of final level) after SCLK rising edge, at 10-pF | DVDD =5V 0 10
td(l) load (see Note 11) DVpp =27V 0 23 ns
th(2) Hold time, old SDO hold (reaches 10% of old data level) after SCLK rising edge, at 10-pF load 0 - ns
td(2) Delay time, delay from the falling edge of 16th SCLK to EOC falling edge, normal sampling, at 10-pF load 0 6 ns
td3)  Delay time, delay from the falling edge of 16th SCLK to INT falling edge, at 10-pF load (see Notes 11 and 12) t(conv) t(conv)+6 ns

NOTES: 9. The minimum pulse width of SCLK high and low is 12.5 ns.
10. Specified by design
11. For normal short sampling, td(g) is the delay from the falling edge of 16th SCLK to the falling edge of I INT.
For normal long sampling, tg(3) is the delay from the falling edge of 48th SCLK to the falling edge of INT. Conversion time, t(conv).
is equal to 18 x OSC +15 ns (for TLC3574 and TLC3578) or 13 x OSC + 15 ns (for TLC2574 and TLC2578) when using internal
OSC as conversion clock, or 72 x t¢(1) + 15 ns (for TLC3574 and TLC3578) or 52 x t¢(1) + 15 ns (for TLC2574 and TLC2578) when
external SCLK is conversion clock source.

—_ _S‘Y_\K’Si%%%/ (1(1
€S 10% (( (( / X
)) ))
fe— to()
/'5(1\ tw(1) —k—q \
/—\ QA 16 /\ / \
SCLK // \\ // \\ // \\
¢ > th(1)
( tsu) —* k_r) | ( (
SDI Don'’t Care ID15 ID1 IDO >< Don’t Care " ><
(( ( ((
)7 ) T ) )Y
td() ‘H—“ |
th) —¥ [
Hi-Z / ) Hi-Z
sDo ! ( {op15 oD oDo « L2 (¢ C
—
( ( | - td(2) T tr(1) _ﬂ “— (
EOC Nﬂgﬁ, J}
((
OR tiz) M )

_— )]
INT \FH\
(
tf(1) )

\
\
— tr(1) — b
1 For normal long sampling, td(2) is the delay time of EOC low after the falling edge of 48th SCLK.
¥ For normal long sampling, td(3) is the delay time of INT low after the falling edge of 48th SCLK.

— — — — The dotted line means signal may or may not exist, depending on application. It must be ignored.
Normal sampling mode, CS initiatesthe conversion, FS must be tied to high. When CS is high, SDO is in Hi-Z, all inputs (FS, SCLK,
SDI) are inactive and are ignored.

Figure 1. Critical Timing for SCLK, SDI, SDO, EOC and INT
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SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH +10-V INPUTS
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timing requirements over recommended operating free-air temperature range, AV DD = 5V,
DVpp =5V, VRepp =4V, VRepMm =0V, SCLK frequency = 25 MHz (unless otherwise noted) (continued)
CS trigger
PARAMETERS MIN TYP MAX [ UNIT
tsy(2) Setup time, cs falling edge before SCLK rising edge, at 25-pF load 12 ns
t Delay time, delay time from the falling edge of 16th SCLK to cs rising edge, at 25 pF load 5 ns
d4) (see Note 12)
fw(2) Pulse width of CS high, at 25-pF load 1 te(1)
; Delay time, delay from CS falling edge to MSB of SDO valid (reaches 90% DVpp=5V 0 12 ns
d®)  final level), at 10 pF load DVpp =27V 0 3ot
tde)  Delay time, delay from cs rising edge to SDO 3-state, at 10-pF load 0 6 ns
lay time, delay from CS falling edge to INT rising ed load PYop=5Y 0 °
td(7)  Delay time, delay from CS falling edge to INT rising edge, at 10-pF loa DVpp = 2.7 V 0 16T ns

1 Specified by design
NOTE 12: For normal short sampling, td(4) is the delay time from the falling edge of 16th SCLK to C< [ rising edge.
For normal long sampling, td(4) is the delay time from the falling edge of 48th SCLK to cs rising edge.

— \Y
cs B ,T/ IH
55 )7 46 ViL

tSU(Z) td(4) tW(Z)

AN /\
SCLK ‘ \”
))
( {( L
SDI ’ Don’t Care ID15 IDO X " Don't Care "
f 55 45

((
:: DontCare
T )7
_ tde) F g . \ (« tae) 1+ _
spo ——Hi-Z \001 (@( oD0  >—A§ Hi-Z (S | < oD15 op7HiZ.
) ‘ )T
EOC )(l (l(l (J(J } (J(J
(J(J ‘
OR
. (‘ (J (J 1) 1) td (7) _"_J
INT

— — — — The dotted line means signal may or may not exist, depending on application. It must be ignored.
Normal sampling mode, CS initiates the conversion, FS must be tied to high. When CS is high, SDO is in Hi-Z, all inputs (FS, SCLK,
SDI) are inactive and are ignored.

Figure 2. Critical Timing for CS  Trigger
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timing requirements over recommended operating free-air temperature range, AV DD =5V,
DVpp =5V, VRepp =4V, VREgM =0V, SCLK frequency = 25 MHz (unless otherwise noted) (continued)
FS trigger
PARAMETERS MIN TYP MAX UNIT
td(8) Delay time, delay from cs falling edge to FS rising edge at 25-pF load 0.5 tc(1)
tsu(3) Setup time, FS rising edge before SCLK falling edge at 25-pF load 0.25xt¢(1) 0.5xte(1)*+ 5 ns
tw(3) Pulse width of FS high, at 25-pF load 0.75xtc(1) tc(1) 1.25xtg(1) ns
¢ Delay time, delay from FS rising edge to MSB of SDO valid DVpDp=5V 26 ns
d(9) (reaches 90% final level), at 10-pF load DVpp =2.7V 30t
Required
td(10) Delay time, delay from FS rising edge to next FS rising edge, at 25-pF load sampling time + ns
conversion time
Delay time, delay from FS rising edge to INT rising edge, at DVDp =5V 0 6
'd(11)  10-pF load DVpp = 2.7V 0 wt | ™
DD =2 T

t Specified by design

td(10)

lg
S 3;; \
)

[ tq(s) e tw(3)

FS m ((

q {(
) )]

o eisyE)

q ‘

5

(
SDI .. Dont Care X ip15" D1 IDO ><:Z('
)) 7
td(g)—ﬂ L—
( .
SDO —BﬁLf op1s  opP opo H>—4—H:Z
)
(__VOH (
EOC )Y )T f
OR )
(( VOH (( (C
INT gk ” "’

Ny

The dotted line means signal may or may not exist, depending on application. It must be ignored.

OD15 Don’t Care
\—> <_5<,_

[ N

f— tqay)

g
)]

3~

Normal sampling mode, FS initiates the conversion, CS can be tied to low. When CS is high, SDO is in Hi-Z, all inputs (FS, SCLK,

SDI) are inactive and are ignored.

Figure 3. Critical Timing for FS Trigger

b TEXAS

INSTRUMENTS

WWW.TI.COM

15



TLC3574, TLC3578, TLC2574, TLC2578
5-V ANALOG, 3-/5-V DIGITAL, 14-/12-BIT, 200-KSPS, 4-/8-CHANNEL
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timing requirements over recommended operating free-air temperature range, AV

D=5V,

D
DVpp =5V, VRerp =4V, VReErM =0V, SCLK frequency = 25 MHz (unless otherwise noted) (continued)

CSTART trigger

PARAMETERS MIN TYP MAX UNIT
td(12) :(D)Zl(?y time, delay from CSTART rising edge to EOC falling edge, at 10-pF 0 15 21 ns
tw(4) Pulse width of CSTART low, at 25-pF load (see Note 13) t(sample_reg)*0-4 us
ta13) gzljl)(/st(ierge’\,lgtzl?éf;%rg 1Czls)'l'w rising edge to CSTART falling edge, at 25-pF {(cony)+15 s
td(14) :(D)glg\)(/st‘ian;e’\,lgteeliéf;%rg :&S)TW rising edge to INT falling edge, at 10-pF t(conv)*15 t(conv)+21 ns
ts) gzljly time, delay from CSTART falling edge to INT rising edge, at 10-pF 0 ol ns

NOTES: 13. The pulse width of the CSTART must be not less than the required sampling time.

The delay from CSTART rising edge to following CSTART falling edge must be not less than the required conversion time.

The delay from CSTART rising edge to the INT falling edge is equal to the conversion time.

14. The maximum rate of SCLK is 25 MHz for normal long sampling and 10 MHz for normal short sampling.

\4— tW(4) —*7 td(lg) 4bl

CSTART
ﬂ\—ﬂ—/( “—'J— t(conv)\*\—“—/

td(1z) ‘
EOC / } v }
\ F—J—

\ \
OR
e tgaa) — |

Figure 4. Critical Timing for Extended Sampling (CSTART Trigger)
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circuit description

converter

The converters include a successive-approximation ADC utilizing a charge redistribution DAC. Figure 5 shows
a simplified block diagram of the ADC. The sampling capacitor acquires the signal on Ain during the sampling
period. When the conversion process starts, the control logic directs the charge redistribution DAC to add and
subtract fixed amounts of charge from the sampling capacitor to bring the comparator into a balanced condition.
When balanced, the conversion is complete and the ADC output code is generated.

Charge
Redistribution
DAC

Ain o~ 0O Control > ADC Cod
C(sample) Logic ode
REFM

Figure 5. Simplified Block Diagram of the Successive-Approximation System

analog input range and internal test voltages

TLC3578 and TLC2578 have 8 analog inputs (TLC3574 and TLC2574 have 4) and three test voltages. The
inputs are selected by the analog multiplexer according to the command entered (see Table 1). The input
multiplexer is a break-before-make type to reduce input-to-input noise injection resulting from channel
switching.

All converters are specified for bipolar input range of £10 V. The input signal is scaled to 0—4 V at the SAR ADC
input via the bipolar scaling circuit (see the functional block diagram and the equivalent analog input circuit):
-10VtoOV,10Vto4V,andOVto2V.

analog input mode
Two input signal modes can be selected: single-ended input and pseudodifferential input.

Charge
Redistribution
DAC

; |
Ain(+) —O ‘:O i = Control
' . Logic —» ADC Code
Ain(-) —O\gc N
I
REFM When sampling, S1 is closed and S2 connects to Ain(-).

During conversion, S1 is open and S2 connects to REFM.

Figure 6. Simplified Pseudodifferential Input Circuit
Pseudodifferential input refers to the negative input, Ain(-). Its voltage is limited in magnitude to £1 V. The input

frequency limit of Ain(-) is the same as the positive input Ain(+). This mode is normally used for ground noise
rejection or dc offset.
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analog input mode (continued)

When pseudodifferential mode is selected, only two analog input channel pairs are available for the TLC3574
and TLC2574 and four channel pairs for the TLC3578 and TLC2578, because half the inputs are used as the

negative input.

Single Ended Pseudodifferential
x8l |xat x8t xa¥
A0 | AO AO(+) |Pair A | AO(+) |Pair A
Al | A1 Al(-) Al(-)
A2 | A2 A2(+) |PairB | A2(+)|Pair B
A3 | A3 Analog A3(-) A3(-) Analog
A4 | X MUX A4(+) [Pair C MUX
A5 | X A5(-)
A6 X A6(+) |Pair D
A7 | X AT(-)

tTLC3578 and TLC2578
$TLC3574 and TLC2574

Figure 7. Pin Assignment of Single-Ended Input vs Pseudodifferential Input

reference voltage

The external reference is applied to the reference-input pins (REFP and REFM). REFM should connect to
analog ground. REFP is 4 V. Install decoupling capacitors (10 uF in parallel with 0.1 uF) between REFP and
REFM, and compensation capacitors (0.1 uF) between COMP and AGND.

ideal conversion characteristics

Bipolar Analog Input Voltage

-9.99756 V 1LSB = 1.22 mV

VBZS =0.0V
-9.99878 V -0.61mVv| 0.61mV 9.99756 V
-9.99939 V
VFS-=-10V VFS+=10V
2s Complement Binary
BTC BOB
01111111111111 11111111111111
01111111111110 11111111111110 16383
01111111111101 11111111111101 16382
16381
]
e}
o]
o
§ 00000000000001  10000000000001 8193 3
%
% 00000000000000  10000000000000 8192
g’ 11111111111111 01111111111111 8191
10000000000010  00000000000010 2
10000000000001  00000000000001 1
10000000000000  00000000000000 0
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circuit description (continued)

data format

INPUT DATA FORMAT (BINARY)
MSB LSB
ID[15:12] ID[11:0]
Command Configuration data field or filled with zeros
OUTPUT DATA FORMAT (READ CONVERSION/FIFO)
TLC3574 and TLC3578 TLC2574 and TLC2578
MSB LSB MSB LSB
OD[15:2] OD[1:0] OD[15:4] OD[3:0]
Conversion result Don't Care Conversion result Don't Care
14-BIT (TLC3574/78) 12-BIT (TLC2574/78)
Bipolar Input, Offset Binary: (BOB) Bipolar Offset Binary Output: (BOB)
Negative full scale code = VFS- = 0000h, Vcode = -10 V Negative full scale code = 000h, Vcode = -10 V
Midscale code = VBZS = 2000h, Vcode =0 V Midscale code = 800h, Vcode =0V
Positive full scale code = VFS+ = 3FFFh, Vcode =10V - 1 LSB Positive full scale code = FFFh, Vcode =10V - 1 LSB
Bipolar Input, Binary 2s Complement: (BTC) Bipolar Input, Binary 2s Complement: (BTC)
Negative full scale code = VFS—- = 2000 h, Vcode = -10 V Negative full scale code =800 h, Vcode = -10 V
Midscale code = VBZS = 0000h, Vcode =0 V Midscale code = 000h, Vcode =0V
Positive full scale code = VFS+ = 1FFFh, Vocde =10V - 1 LSB Positive full scale code = 7FFh, Vocde =10V - 1 LSB

operation description

The converter samples the selected analog input signal, then converts the sample into digital output according
to the selected output format. The converter has four digital input pins (SDI, SCLK, CS, and FS) and one digital
output pin (SDO) to communicate with the host device. SDI is a serial data input pin, SDO is a serial data output
pin, and SCLK is a serial clock from host device. This clock is used to clock the serial data transfer. It can also
be used as conversion clock source (see Table 2). CS and FS are used to start the operation. The converter
has a CSTART pin for external hardware sampling and conversion trigger, and INT/EOC for interrupt purpose.

device initialization

After power on, the status of EOC/INT is initially high, and the input data register is set to all zeros. The device
must be initialized before starting conversion. The initialization procedure depends on the working mode. The
first conversion result must be ignored after power on.

Hardware Default Mode: Nonprogrammed mode, default. After power on, two consecutive active cycles
initiated by CS or FS put the device into hardware default mode if SDI is tied to DVpp. Each of these cycles must
last 16 SCLK at least. These cycles initialize the converter and load CFR register with 800h (bipolar offset binary
output code, normal long sampling, internal OSC, single-ended input, one-shot conversion mode, and EOC/INT
pin as INT). No additional software configuration is required.

Software Programmed Mode: Programmed. If the converter needs to be configured, The host must write
AOOQOH into converters first after power on, then performs the WRITE CFR operation to configure the device.

start of operation cycle

Each operation consists of several actions that the converter takes according to the command from the host.
The operation cycle includes three periods: command period, sampling period, and conversion period. In the
command period, the device decodes the command from host. In the sampling period, the device samples the
selected analog signal according to the command. In the conversion period, the sample of the analog signal
is converted to digital format. The operation cycle starts from the command period, which is followed by one
or several sampling and conversion periods (depending on the setting), and finishes at the end of last
conversion period. The operation is initiated by the falling edge of CS or the rising edge of FS.
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start of operation cycle (continued)

CS initiates the operation:  If FS is high at the falling edge of CS, the falling edge of CS initiates the operation.
When CS is high, SDO is in high-impedance state, the signals on SDI are ignored, and SCLK is disabled to clock
the serial data. The falling edge of CS resets the internal 4-bit counter and enables SDO, SDI, and SCLK. The
MSB of the input data via SDI, ID(15), is latched at the first falling edge of SCLK following the falling edge of
CS. The MSB of output data from SDO, OD(15), is valid before this SCLK falling edge. This mode works as an
SPI interface when CS is used as SLAVE SELECT (SS). It also can be used as normal DSP interface if CS
connects to the frame sync output of the host DSP. FS must be tied to high in this mode.

FS initiates the operation:  If FS is low at the falling edge of CS, the rising edge of FS initiates the operation.
It resets the internal 4-bit counter, and enables SDI, SDO, and SCLK. The ID(15) is latched at the first falling
edge of SCLK following the falling edge of FS. OD(15) is valid before this falling edge of SCLK. This mode is
used to interface the converter with a serial port of the host DSP. The FS of the device is connected to the frame
sync of the host DSP. When several devices are connected to one DSP serial port, CS is used as chip select
to allow the host DSP to access each device individually. If only one converter is used, CS can be tied to low.

After the initiation, the remaining SDI data bits (if any) are shifted in and the remaining bits of SDO (if any) are
shifted out at the rising edge of SCLK. The input data are latched at the falling edge of SCLK, and the output
data are valid before the falling edge of SCLK. After the 4-bit counter reaches 16, the SDO goes to
high-impedance state. The output data from SDO is the previous conversion result in one shot conversion
mode, or the contents in the top of FIFO when FIFO is used (refer to Figure 20).

command period

After the rising edge of FS (FS triggers the operation) or the falling edge of CS (CS triggers the operation), SDI,
SDO, and SCLK are enabled. The first four SCLK clocks form the command period. The four MSBs of input data,
ID[15:12], are shifted in and decoded. These bits represent one of the 4-bit commands from the host, which
defines the required operation (see Table 1). The four MSB of output, OD[15:12], are also shifted out via SDO
during this period.

The commands are SELECT/CONVERSION, WRITE CFR, FIFO READ, and HARDWARE DEFAULT. The
SELECT/CONVERSION command includes SELECT ANALOG INPUT and SELECT TEST commands. All
cause a select/conversion operation. They select the analog signal being converted, and start the
sampling/conversion process after the selection. WRITE CFR causes the configuration operation, which writes
the device configuration information into CFR register. FIFO READ reads the contents in FIFO. Hardware
default mode sets the device into the hardware default mode.

After the command period, the remaining 12 bits of SDI are written into the CFR register to configure the device
if the command is WRITE CFR. Otherwise, these bits are ignored. The configuration is retained in the
autopower-down state. If the SCLK stops (while CS remains low) after the first eight bits are entered, the next
eight bits can be entered after the SCLK resumes. The data on SDI are ignored after the 4-bit counter counts
to 16 (falling edge of SCLK) or the low-to-high transition of CS, whichever happens first.

The remaining 12 bits of output data are shifted out from SDO if the command is SELECT/CONVERSION or
FIFO READ. Otherwise, the data on SDO must be ignored. In any case, the SDO goes into high-impedance
state after the 4-bit counter counts to 16 (falling edge of SCLK) or the low-to-high transition of CS, whichever
happens first.
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command period (continued)

Table 1. Command Set (CMR)

SDI Bit D[15:12]

BINARY HEX TLC3578 / 2578 COMMAND TLC3574 | 2574 COMMAND
0000b Oh SELECT analog input channel 0 SELECT analog input channel 0
0001b 1h SELECT analog input channel 1 SELECT analog input channel 1
0010b 2h SELECT analog input channel 2 SELECT analog input channel 2
0011b 3h SELECT analog input channel 3 SELECT analog input channel 3
0100b 4h SELECT analog input channel 4 SELECT analog input channel 0
0101b 5h SELECT analog input channel 5 SELECT analog input channel 1
0110b 6h SELECT analog input channel 6 SELECT analog input channel 2
0111b 7h SELECT analog input channel 7 SELECT analog input channel 3
1000b 8h Reserved
1001b 9h Reserved
1010b Ah WRITE CFR, the last 12 bits of SDI are written into CFR. This command resets FIFO.
1011b Bh SELECT TEST, voltage = (REFP+REFM)/2 (see Note 15)
1100b Ch SELECT TEST, voltage = REFM (see Note 16)
1101b Dh SELECT TEST, voltage = REFP (see Note 17)
1110b Eh FIFO READ, FIFO contents is shown on SDO; (see Note 18)
1111b Fh HARDWARE DEFAULT mode, CFR is loaded with 800h

NOTES: 15. The output code = mid-scale code + bipolar zero error
16. The output code = negative full-scale code + negative full-scale error
17. The output code = positive full-scale code + positive full-scale error
18. The TLC3574 and TLC3578, OD [15:2] is conversion result, OD [1:0] don't care

The TLC2574 and TLC2578, OD [15:4] is conversion result, OD [3:0] don'’t care
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detailed description (continued)

Table 2. Configuration Register (CFR) Bit Definition

SDI BIT DEFINITION

D11 Always 1. Otherwise the performance is degraded.

D10 Conversion output code format select:
0: BOB (bipolar offset binary); 1: BTC (binary 2s complement)

D9 Sample period select for normal sampling. Don’t care in extended sampling.
0: Long sampling (4x) 44 SCLKs; 1: Short sampling 12 SCLKs

D8 Conversion clock source select:
0: Conversion clock = Internal OSC; 1: Conversion clock = SCLK/4

D7 Input mode select:
0: Single-ended; 1: Pseudodifferential. Pin configuration shown below.

Pin Configuration of TLC3578 and TLC2578 Pin Configuration of TLC3574 and TLC2574

Pin No. [ Single-ended | Pseudodifferential polarity Pin No. Single-ended | Pseudodifferential polarity
9 A0 Plus Pair A 9 A0 PLUS Pair A
10 Al Minus 10 Al MINUS
11 A2 Plus Pair B 11 A2 PLUS Pair B
12 A3 Minus 12 A3 MINUS
13 A4 Plus Pair C
14 A5 Minus
15 A6 Plus Pair D
16 A7 Minus

D[6:5] Conversion mode select
00: One shot mode

01: Repeat mode

10: Sweep mode

11: Repeat sweep mode.

D[4:3] Sweep auto sequence select (Note: These bits only take effect in conversion mode 10 and 11.)

TLC3578 and TLC2578 TLC3574 and TLC2574

Single-ended (by ch) Pseudodifferential (by pair) Single-ended (by ch) Pseudodifferential (by pair)

00: 0-1-2-3-4-5-6-7 00: N/A 00: 0-1-2-3-0-1-2-3 00: N/A

01: 0-2-4-6-0-2-4-6 01: A-B-C-D-A-B-C-D 01: 0-2-0-2-0-2-0-2 01: A-B-A-B-A-B-A-B

10: 0-0-2-2-4-4-6-6 10: A-A-B-B-C-C-D-D 10: 0-0-1-1-2-2-3-3 10: N/A

11: 0-2-0-2-0-2-0-2 11: A-B-A-B-A-B-A-B 11: 0-0-0-0-2-2-2-2 11: A-A-A-A-B-B-B-B
D2 EOCI/INT pin function select

0: Pinused as INT 1: Pin used as EOC ( for mode 00 only)

D[1:0] FIFO trigger level (sweep sequence length). Don’t care in one shot mode.
00: Full (INT generated after FIFO Level 7 filled)
01: 3/4 (INT generated after FIFO Level 5 filled)
10: 1/2 (INT generated after FIFO Level 3 filled)
11: 1/4 (INT generated after FIFO Level 1 filled)

sampling period

The sampling period follows the command period. The selected signal is sampled during this time. The device
has three different sampling modes: normal short mode, normal long mode, and extended mode.

Normal Short Sampling Mode:  Sampling time is controlled by the SCLK and lasts 12 SCLK periods. At the
end of sampling, the converter automatically starts the conversion period. After the configuration, the normal
sampling starts automatically after the falling edge of fourth SCLK that follows the falling edge of CS if CS
triggers the operation, or follows the rising edge of FS if FS initiates the operation, except the FIFO READ and
WRITE CFR commands.
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sampling period (continued)

Normal Long Sampling Mode: It is the same as normal short sampling, except that it lasts 44 SCLKs periods
to complete the sampling.

Extended Sampling Mode: The external signal, CSTART, triggers sampling and conversion. SCLK is not used
for sampling. SCLK is also not needed for conversion if the internal conversion clock is selected. The falling edge
of CSTART begins the sampling of the selected analog input. The sampling continues while CSTART is low.
The rising edge of CSTART ends the sampling, and starts the conversion (with about 15 ns internal delay). The
occurrence of CSTART is independent of SCLK clock, CS, and FS. However, the first CSTART cannot occur
before the rising edge of the 11th SCLK. In other words, the falling edge of first CSTART can happen at or after
the rising edge of 11th SCLK , but not before. The device enters the extended sampling mode at the falling edge
of CSTART and exits this mode once CSTART goes to high followed by two consecutive falling edges of CS
or two consecutive rising edges of FS (such as one read data operations followed by WRITE CFR). The first
CS or FS does not cause conversion. Extended mode is used when a fast SCLK is not suitable for sampling,
or when extended sampling period is needed to accommodate different input signal source impedance.

conversion period

The conversion period is the third portion of the operation cycle. It begins after the falling edge of 16th SCLK
for the normal short sampling mode, or after the falling edge of 48th SCLK for the normal long sampling, or on
the rising edge of CSTART (with 15 ns internal delay) for the extended sampling mode.

The conversion takes 18 conversion clocks plus 15 ns for TLC3574/78, 13 conversion clocks plus 15 ns for the
TLC2574/78. The conversion clock source can be an internal oscillator, OSC, or an external clock, SCLK. The
conversion clock is equal to the internal OSC if the internal clock is used, or equal to four SCLKs when the
external clock is programmed. To avoid the premature termination of conversion, enough time for the conversion
must be allowed between consecutive triggers. EOC goes to low at the beginning of the conversion period and
goes to high at the end of the conversion period. INT goes to low at the end of this period, too.

conversion mode

Four different conversion modes (mode 00, 01, 10, 11) are available. The operation of each mode is slightly
different, depending on how the converter samples and what host interface is used. Do not mix different types
of triggers throughout the repeat or sweep operations.

ONE SHOT Mode (Mode 00): Each operation cycle performs one sampling and one conversion for the selected
channel. FIFO is not used. When EOC is selected, it is generated while the conversion period is in progress.
Otherwise, INT is generated after the conversion is done. The result is output through the SDO pin during the
next select/conversion operation.

REPEAT Mode (Mode 01): Each operation cycle performs multiple samplings and conversions for a fixed
channel selected according to the 4-bit command. The results are stored in the FIFO. The number of samples
to be taken equals the FIFO threshold programmed via D[1:0] in CFR register. Once the threshold is reached,
INT is generated, and the operation ends. If the FIFO is not read after the conversions, the data is replaced in
the next operation. The operation of this mode starts with the WRITE CFR commands to set conversion mode
01, then the SELECT/CONVERSION commands, followed by a number of samplings and conversions of the
fixed channel (triggered by CS, FS, or CSTART) until the FIFO threshold is hit. If CS or FS triggers the sampling,
the data on SDI must be any one of the SELECT CHANNEL commands. However, this data is a dummy code
for setting the converter in conversion state. It does not change the existing channel selection set at the start
of the operation until the FIFO is full. After the operation finishes, the host can read the FIFO, then reselect the
channel and start the next REPEAT operation again; or immediately reselect the channel and start next REPEAT
operation (by issuing CS or FS or CSTART); or reconfigure the converter then start new operation according
to the new setting. If CSTART triggers the sampling, host can also immediately start the next REPEAT operation
(on the current channel) after the FIFO is full. Besides, if FS initiates the operation and CSTART triggers the
samplings and conversions, CS must not toggle during the conversion. This mode allows the host to set up the
converter, continue monitoring a fixed input, and to get a set of samples as needed.

*9 TEXAS
INSTRUMENTS

WWW.TI.COM 23




TLC3574, TLC3578, TLC2574, TLC2578
5-V ANALOG, 3-/5-V DIGITAL, 14-/12-BIT, 200-KSPS, 4-/8-CHANNEL
SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH +10-V INPUTS

SLAS262C — OCTOBER 2000 - REVISED MAY 2003

conversion mode (continued)

SWEEP Mode (Mode 10): During each operation, all of the channels listed in the SWEEP SEQUENCE (D[4:3]
of CFR register) are sampled and converted one time according to the programmed sequence. The results are
stored in the FIFO. When the FIFO threshold is reached, an interrupt (INT) is generated, and the operation ends.
If the FIFO threshold is reached before all of the listed channels are visited, the remaining channels are ignored.
This allows the host to change the sweep sequence length. The mode 10 operation starts with the WRITE CFR
command to set the sweep sequence. The following triggers (CS, FS, or CSTART, depending on the interface)
start the samplings and conversions of the listed channels in sequence until the FIFO threshold is hit. If CS or
FS starts the sampling, the SDI data must be any one of the SELECT commands to set the converter in
conversion state. However, this command is a dummy code. It does not change the existing conversion
sequence. After the FIFO is full, the converter waits for FIFO READ. It does nothing before the FIFO READ or
WRITE CFR command is issued. The host must read the FIFO completely or WRITE CFR. If CSTART triggers
the samplings, the host must issue an extra SELECT/CONVERSION command (select any channel) via CS or
FS after the FIFO READ or WRITE CFR. This extra period is named the arm period and is used to set the
converter into conversion state, but does not affect the existing conversion sequence. If FS initiates the
operation and CSTART triggers the samplings and conversions, CS must not toggle during the conversion.

REPEAT SWEEP Mode (Mode 11): This mode works in the same way as mode 10, except that it is not
necessary to read the FIFO before the next operation after the FIFO threshold is hit. The next sweep can repeat
immediately, but the contents in the FIFO are replaced by the new results. The host can read the FIFO
completely, then issue next SWEEP; or repeat the SWEEP immediately (with the existing sweep sequence) by
issuing sampling/conversion triggers (CS, FS or CSTART); or change the device setting with the WRITE CFR
command.

The memory effect of charge redistribution DAC exists when the mux switches from one channel to another.
This degrades the channel-to-channel isolation if the channel changes after each conversion. For example, in
mode 10 and 11, the isolation is about 70 dB for the sweep sequence 0-1-2-3-4. The memory effect can be
reduced by increasing the sampling time or using sweep sequence 0-0-2-2-4-4-6-6 and ignoring the first sample
of each channel.
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operation cycle timing

TS Initiates 12 SCLKs for Short 18 OSC for Internal OSC +
o - 4 SCLKs 44 SCLKs for Long 72 SCLK for External Clock 15ns
peration
t(setup) T | t(sample) t(convert) t(overhead)
_______________ -
SDI | 4-bit Command I 12-hit CFR Data (Optional) J|
_———e—eee e e e e e e — — ———
r ——————————————— =
SDO™ | 14-bit Data (Previous Conversion) | 2-bit Don't Care |
e e e e e o — — —— —— e —— — — —
* Active CS (FS Is Tied to High) *
CSTAR (For Extended Sampling) occurs at
or after the rising edge of eleventh SCLK
FS Initiates co
Operation Delay From ,CS 12 SCLKs for Short 18 OSC for Internal OSC *
Lowto FSHigh 4 sciKs 44 SCLKs for Long 72 SCLK for External Clock 15nS
| t(t:ielay) T | t(setup) T | t(sample) t(convert) | t(overhead) |
r ——————————————— =
SDI | 4-bit Command I 12-bit CFR Data (Optional) J|
—_———e—eee e e e e e e —— — —— —
gr————————— T — "
SDO | 14-bit Data (Previous Conversion) 2-bit Don’'t Care |
e e e e — — — — — — — —— — — — — —
f Active CS (E Can Be Tied to Low) f
Active FS CSTAR (For Extended Sampling) occurs at

or after the rising edge of eleventh SCLK
t Non JEDEC terms used.

18 internal OSC or 72 SCLK for TLC3574 and TLC3578,
13 internal OSC or 52 SCLK for TLC2574 and TLC2578.

8 For TLC3574 and TLC3578, 14-hits are result of previous conversion, last two bits are don't care. For TLC2574 and TLC2578, 12-bits are result
of previous conversion, last four bits are don't care.
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operation cycle timing (continued)

After the operation finished, the host has several choices. Table 3 summarizes of operation options.

Table 3. Operation Options

CONVERSION IS INITIATED BY
MODE cs FS CSTART

00 . Issue new Select/Read operation to . Issue new Select/Read operation to 1. Issue new CSTART to start next
read data and start new conversion. read data and start new conversion. conversion; old data lost.

. Reconfigure the device. . Reconfigure the device. 2. Issue new Select/Read operation to
read data—Issue new CSTART to
start new conversion.

3. Reconfigure the device.

01 . Read FIFO—Select Channel—Start . Read FIFO—Select Channel—Start 1. Read FIFO—Select channel—Start
new conversion. Channel must be new conversion. Channel must be new conversion. Channel must be
selected after FIFO READ. selected after FIFO READ. selected after FIFO READ.

. Select Channel—Start new . Select Channel—Start new 2. Start new conversion (old data lost)

conversion (old data lost) conversion (old data lost) with existing setting.
3. Configure device again. . Configure device again. 3. Configure device again.

10 1. Read FIFO—Start new conversion 1. Read FIFO—Start new conversion 1. Read FIFO—Arm Period—Start new
with existing setting. with existing setting. conversion with existing setting

. Configure device—New conversion . Configure device—New conversion 2. Configure device—Arm Period—New

(old data lost) (old data lost) conversion (old data lost)

11 . Read FIFO—Start new conversion . Read FIFO—Start new conversion 1. Read FIFO—Arm Period—Start new
with existing setting. with existing setting Conversion with existing setting

. Start new conversion with the existing | 2. Start new conversion with the existing | 2. Start new conversion with existing

setting. setting. setting. (old data lost)

. Configure device—Start new . Configure Device—Start new 3. Configure device—Arm Period—New

conversion with new setting. conversion with new setting. conversion with new setting.

operation timing diagrams

The nonconversion operation includes FIFO READ and WRITE CFR. Both do not perform a conversion. The
conversion operation performs one of four types of conversion: mode 00, 01, 10 and 11

write cycle (WRITE CFR Command):

conversion.

Write cycle does not generate EOC or INT, nor does it carry out any

|
—\ —/ |
FS £ ! ( !
] 1)) I ’J[) T
SDI /X _1015 o) ipi3hioiz X iou) 1010k 109 k(. A 04X 103 X 102X 101 X 100 k" A Ay /K b5 )
OR )
m i ‘ ’][) (J()
} ! rJ(J | rJ(J |
EOC | \ \ |
I ! Iq4 Hi-Z
wo ‘ 44 T2

The dotted lines means signal may or may not exist.

77 Don'tcare

Figure 8. Write Cycle, FS Initiates Operation
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operation timing diagrams (continued)

(¢ (C
)T )T

((
)]

o
Py
m 2
8 3

¢ Hi-Z

gl

!
|
)] |
( ‘ g
SDI ID15 D14 013 Kip12 \1p11 {ip10 X 109 X (X 1D4 X D3 X D2 X101 K 1D0 Xyt oo A 1015 fiD14)
) ‘ 13
\
|
\
\
\

- = - - The dotted lines means signal may or may not exist.

Y74 Dont Care
Figure 9. Write Cycle, CS  Initiates Operation, FS = 1

FIFO READ Operation: When the FIFO is used, the first command after INT is generated is assumed to be
the FIFO READ. The first FIFO content is output immediately before the command is decoded. If this command
is not FIFO READ, the output is terminated. Using more layers of FIFO reduces the time taken to read multiple
conversion results, because the read cycle does not generate an EOC or INT, nor does it make a data
conversion. Once the FIFO is read, the entire contents in FIFO must be read out. Otherwise, the remaining data

is lost.
1 2 3 4 5 6 7 12 13 14 15 16 1
SCLK ra r~N r rNrnorn
[ \ (
cs L | | /7 \
‘ ‘ ‘ (( (( ‘ (‘()
FS = High || ‘ )] )7 |
| | (¢ (( | (( |
SDI /XIDJ‘.S ID13 :: ’:’, / :’, ”/\.ID15
[ | (( (( | (( |
W T T I )] )) v )) i
\
OR ! ! ! (( (( | (( |
EOC | | | )) )) | )) i
[ \ \
Hi-Z
spo —@; (ooxX ooz X oo X NN ; (5 o5

- - - - The dotted lines means signal may or may not exist.
ODJ[15:2] (for TLC3574/78) or OD[15:4](for TLC2574/78) is the FIFO content.
/7] Dont Care

Figure 10. FIFO Read Cycle, CS Initiates Operation, FS = 1
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conversion operation

48 SCLKs for Long Sampling
J 16 SCLKs for Short Sampling

1 2 3 4 5 6 7 12 13 14 15 16 A6 3 1
rNnorn [\I\I\I\ﬂr'\ r~N r ra r-\‘/—\_/—\

\
cs \ ( /A S
FS in High

)

Select Channel ‘ ‘ |

\
SDI |D141D12 V /7 :/
Y

92 )

|
INT } % [ )T
\ e ole —
< {(SAMPLE) »e t(conv)

| (« | \

EOC W _ _ \ ( / \

OR ‘ Previous Conversion Result ) s ‘

i
ST () o) (0 (o (D 2 i 2 D (0 7 4 NG
M SDO goes to Hi-Z after 16th SCLK

= = = The dotted line means signal may or may not exist.
ODJ[15:2] (for TLC3574/78) or OD [15:4] (for TLC2574/78) is the result of previous conversion.
ZZ] pon't Care

Figure 11. Mode 00, CS  Initiates Operation

48 SCLKs for Long Sampling
16 SCLKs for Short Sampling

Select Channel

|

|

|

i \
SN0 D T () (51 4 o 7 )

|

J

"

)] )]
| | (( (( ‘
i — —
OR{ | | e feam 9
(( ((
EOC \ \ )
\

\—ss_ﬂ ))
Previous Conversion Result SDO Goes Through Hi-Z After 16 SCLK

|
|
N | |

sDo HConss Yoorenrloouz ) D (D V4 0 } :p

= = = The dotted line means signal may or may not exist.
ODI[15:2] (for TLC3574/78) or OD[15:4](for TLC2574/78) is the result of previous conversion.

[/ /7] Don't Care

Figure 12. Mode 00, FS Initiates Operation
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conversion operation (continued)

Select Channel Select Channel
16 SCLK 16 SCLK
CS Tied to Low o e tampie) | [ . !
Tt ] I — | |
CSTART || vk | N I 1/ AV
I—I | Possible | | | | | | |
EFS ! ISIgn\aI | {(convert) | | | |_| |
L1 | |

| | | | | |
SDI l/*j(/ E( l\ /)IGX/

o T |

INT i | Il-l g S/ / —

I N I e |
1 l | L L 1

Foc T T e —_/ -

OR Previous Conversion Result Data Lost Conversion Result
Hi-Z | Hi-Z <\ Hi-Z
SDO |\ —

--- Possible Signal
**  Select Channel

VA Dont Care
Figure 13. Mode 00, CSTART Triggers Sampling/Conversion, FS Initiates Select

s T\ [\ /TN [N\ [N N[\ [\ [

- --F
| |
FS ] | | [ 1 | ( ] | I 1 |
Select CH1 gr?;cr:e)ol\ v ! [ Select CH2 Seclﬁghﬁg?’ I
2 l
)
. | DATAL of CH1 DATAZ of CH1 IDATAl of CH2 DATAZ of CH2
00— TRt N o -
vaFFoFULLl N o / —

| 1/4 FIFO FULL |
NT (

INT q |
[V Don’t Care \—/ |\—/

- - -  Possible Signal MODE 01, FS Activates Conversion, FIFO Threshold = 1/4 Full

***  —— WRITE CFR Read FIFO After Threshold Is Hit
**  —— Select Channel
* -— FIFO Read

Figure 14. Mode 01, FS Initiates Operations

s TN\ [ ; |
I I

FS_“ n : ﬂ ﬂ (3_“ |
|

I I

! |

B
~

‘ N N
55
CSTART | W B | L
Select CH1 Select CH2
soi ZZX ) Z AN V. CXZ
Hi-Z | DATAL of CH1 DATA2 of CH1 : DATA1L of CH2 DATA2 of CH2
i )
spo ——Z 20— G e CoO—(—
14 FiFo FuLLl \ /" vaFForuLL
\ 1]
INT / " /
[/4 Don'tCare
- Possible Signal MODE 01, FS Initiates Select Period, CSTART Activates Conversion, FIFO Threshold = 1/4 Full,
#* __ WRITE CFR Read FIFO After Threshold Is Hit
**  —— Select Channel
* -- FIFO Read

Figure 15. Mode 01, CSTART Triggers Samplings/Conversions
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conversion operation (continued)

Configure Conversion Conversion Conversion Conversion
From CHO From CH3 From CHO From CH3

(R VI i WY 0 WY/ YA VY VI 20 VI 2 VN 2 V20 VY /2 A W\ N A

FS_hl n 1N N hlhlhlhll’l N I'II'I}I'I_

1
so1 AN 2N AN 2N AN AN AN DA Y
wr [ EEEEEEEEEE ‘
N | NN -
s00 Nep

*

D\

1st Sweep ‘ ‘ ‘ ‘ ‘ ‘ 2nd Sweep
Using Existing ‘
A Don't Care Configuration
1st FIFO Read 2nd FIFO Read
***  Command = Configure Write for Mode 10, FIFO
Threshold = 1/2 Full, Sweep Sequence: 0-1-2-3 Read FIFO After FIFO Threshold Is Hit
**  COMMAND = Select Any Channel
*  COMMAND = Read FIFO
Figure 16. Mode 10, FS Initiates Operations
CS Tied Configure Conversion Conversion Conversion Conversion
| From CHO From CH2 | | From CHO From CH2

to Low 1 f

|
rs _[LIL \
CSTART /S ;

T
NT —— W — N/
| \ N T O Y R \
Hi-Z | 1
SDO — CHO——{CHO cHY J— CHOQ
\ 1st Sweep | 2nd Sweep |
Using Existing
Configuration
V] Don'tCare 1st FIFO Read 2nd FIFO Read
= Command = Configure Write for Mode 10, FIFO Read FIFO After FIFO Threshold Is Hit, FS Initiates Select Period

Threshold = 1/2 Full, Sweep Sequence: 0-0-2-2
**  COMMAND = Select Any Channel
*  COMMAND = Read FIFO

Figure 17. Mode 10, CSTART Initiates Operations

Configure Conversion Conversion  Conversion Conversion Conversion
From CHO From CH3  From CHO From CH3 From CHO

s -\_—\_r\_/-\_r\_ﬁ'\_/'\_/'\_/'\_ﬁ‘\_r\_\r/'\_ﬂ_y—\_/
} ‘ START 2nd Round SWEEP CONVER‘SION,‘ ‘ ‘ ‘ ‘
\

\ \
| | | the DATA of the 1st Round ArelLdst | | | | | | ‘
I R |

so I 20 72 6 A i O S 44 G 0 i K O G R 2 % KZQ XA

\ U\\\\}\\

| RN | |
&) (o (AT
‘ ‘\.d i ‘ CHO ‘ ‘ CH‘l | CH2 ‘ ‘ CH3 |

[Z] DontcCare READ the DATA of 2nd

Sweep From FIFO
***  Command = Configure Write for Mode 11, FIFO
Threshold = 1/2 Full, Sweep Sequence: 0-1-2-3 o )
**  COMMAND = Select Any Channel START 2nd Sweep conversion immediately (NO FIFO READ) after the 1st SWEEP completed.
*  COMMAND = Read FIFO

Figure 18. Mode 11, CS  Initiates Operations
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conversion operation (continued)

Configure ~ Conversion Conversion Conversion Conversion
From CHO From CH2 From CHO From CH2
cs N | r---c I N i N NN o ettt -
| \ \ } I } }
\ In | ‘ﬂ_ﬂ n
s LT L nni -
| | | | | | | | | |
CSTART =~ 1| /S AN e NV A U W e
|| \ I O A I O | |
- | | |
S i 4 % 6 %0 6 Ve I V2, I ¢ Z
INT
Il \_/ \ Il 1 Il /
| 1st SWEEP REPEAT |
SDO ‘ CHO ‘-CHO ‘-CHZ ‘-CHZ / ‘ CHO
1st FIFO Read 2nd FIFO Read
2 DontcCare

READ FIFO after 1st SWEEP Completed
***  Command = Configure Write for Mode 11, FIFO
Threshold = 1/2 Full, Sweep Sequence: 0-0-2-2
**  COMMAND = Select Any Channel
*  COMMAND = Read FIFO

- - - Possible Signal

Figure 19. Mode 11, CSTART Triggers Samplings/Conversions, FS Initiates SELECT Operation

conversion clock and conversion speed

The conversion clock source can be the internal OSC, or the external clock, SCLK. The conversion clock is equal
to the internal OSC if the internal clock is used, or equal to SCLK/4 when the external clock is selected. It takes
18 conversion clocks plus 15 ns to finish the conversion for TLC3574 and TLC3578, and 13 conversion clocks
plus 15 ns for the TLC2574 and TLC2578. If the external clock is selected, the conversion time (not including
sampling time) is 18X(4/fgc k)+15 ns for TLC3574 and TLC3578 and 13X(4/fgc k)+15 ns for TLC2574 and
TLC2578. Table 4 shows the maximum conversion rate (including sampling time) when the analog input source
resistor is 25 Q.

Table 4. Maximum Conversion Rate

DEVICE SAMPLING MODE CONVERSION CLK MA(;(/Iﬁ;LK COT'\I',?A/EF(QES')ON (Eglg)
SHORT (16 SCLK) External SCLK/4 10 8.815 113.4

TLC3574/78 LONG (48 SCLK) External SCLK/4 25 4.815 207.7
(Rs=25Q) SHORT (16 SCLK) Internal 6.5 MHz 10 4.384 228.0
LONG (48 SCLK) Internal 6.5 MHz 25 4.705 212.5

SHORT (16 SCLK) Exernal SCLK/4 10 6.815 146.7

TLC2574/78 LONG (48 SCLK) External SCLK/4 25 4.015 249.1
(Rs=25Q) SHORT (16 SCLK) Internal 6.5 MHz 10 3.615 276.6
LONG (48 SCLK) Internal 6.5 MHz 25 3.935 254.1
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FIFO operation

Serial
»1 soD

x8
FIFO

7 6 5 4 3 2 1 0

FIFO Full T FIFO 1/2 Full T

FIFO 3/4 Full FIFO 1/4 Full

A 4

ADC

FIFO Threshold Pointer

Figure 20. FIFO Structure

FIFO operation (continued)

The device has an 8-level FIFO that can be programmed for different thresholds. An interrupt is sent to the host
after the preprogrammed threshold is reached. The FIFO is used to store conversion results in mode 01, 10,
and 11, from either a fixed channel or a series of channels according to the preprogrammed sweep sequence.
For example, an application may require eight measurements from channel 3. In this case, if the threshold is
set to full, the FIFO is filled with 8 data conversions sequentially taken from channel 3. Another application may
require data from channel 0, 2, 4, and 6 in that order. The threshold is set to 1/2 full and sweep sequence is
selected as 0-2-4-6-0-2-4-6. An interrupt is sent to the host as soon as all four data conversions are in the
FIFO. FIFO is reset after power on and WRITE CFR operation. The contents of the FIFO are retained during
autopower down.

Autopower-Down Mode: The device enters the autopower-down state at the end of conversion. The power
current is about 20 pA if SCLK stops, and 120 pA maximum if SCLK is running. Active CS , FS, or CSTART
resumes the device from power-down state. The bipolar input current is not turned off when device is in
power-down mode.

The configuration register is not affected by the power-down mode but the SWEEP operation sequence must
be started over again. All FIFO contents are retained in power-down mode.
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INL - Integral Nonlinearity — LSB

DNL - Differential Nonlinearity — LSB

TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY
VS
DIGITAL OUTPUT CODE

2 1 1
Reference =4V
15 AVDD=5V,Tp = 25°C
\
) |
0.5
0
-0.5
0 2000 4000 6000 8000 10000 12000 14000 16000
Digital Output Code
Figure 21
DIFFERENTIAL NONLINEARITY
Vs
DIGITAL OUTPUT CODE
0.6
0.4l |||| I | I.|||.|.
0.2
-0.0
-0.2
~04 |- Reference=4V
06 AVppD =5V, Ta = 25°C
. 0 2000 4000 6000 8000 10000 12000 14000 16000

Digital Output Code

Figure 22
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TYPICAL CHARACTERISTICS

BIPOLAR ZERO ERROR, POSITIVE FULL SCALE ERROR
INL (LSB) AND DNL (LSB) AND NEGATIVE FULL SCALE ERROR (% FS)
VS VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1.3 0.500
Reference = 4 V E\e/ferer_lcse\j 4V
AVpp =5V _ DD~
0
LL /
INL S 0.400
2 1 @
2' w Negative Full Scale Error
S E
g < 0.300
© o
o 7l
G by
< 0.7 - Positive Full Scale Error
g
zZ
= 0.200 /_‘,_
DNL ______.--——-"T\""'>—‘
Bipolar Zero Error
0.4 0.100 .
-40.00 25 85 -40.00 25 85
Tpa — Free-Air Temperature = °C Tp — Free-Air Temperature - °C
Figure 23 Figure 24
FFT OF SNR (dB)
0 |
Reference =4V ]
20 AVppD=5V
—40 T = 25°C ]
Q -60 200 KSPS —
I _80 Input Signal = 20 kHz, 0dB
£ | |
% -100
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Figure 25
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TYPICAL CHARACTERISTICS

SINAD ENOB
'S VS
INPUT SIGNAL FREQUENCY INPUT SIGNAL FREQUENCY
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Reference = 4 V Reference =4V
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Figure 26 Figure 27
TOTAL HARMONIC DISTORTION SFDR
VS VS
INPUT SIGNAL FREQUENCY INPUT SIGNAL FREQUENCY
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TYPICAL CHARACTERISTICS

SUPPLY CURRENT
VS
FREE-AIR TEMPERATURE
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Figure 30

SUPPLY CURRENT AT AUTOPOWER DOWN
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AVppD=5V
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APPLICATION INFORMATION

interface with host

Figure 32 shows the examples of the interface between a single converter and host DSP (TMS320C54x™ DSP)
or microprocessor. The C54x is set as FWID=1 (active pulse width=1CLK); (R/X) DATDLY=1 (1 bit data delay);
CLK(X/R)P=0 (transmit data are clocked out at rising edge of CLK, receive data are sampled on falling edge
of CLK); and FS(X/R)P=1 (FS is active high). If multiple converters connect to the same C54x, use CS as chip

select.

The host microprocessor is set as the SPI master, CPOL=0 (active high clock), and CPHA=1 (transmit data is
clock out at rising edge of CLK, receive data are sampled at falling edge of CLK). 16 bits (or more) per transfer

is required.
VbD VbD
10 kQ 10 kQ 10 kQ
TMS320C54X Converter Host Converter
— Mi
ESR Cs ICI’OpI‘OCGSSOI’_ .
—[T SS »{ CS
FSX > FS
A FS
DX »{ sDI in
[ MOSI 1 SDI
DR |« SDO
MISO |« SDO
CLKR <—i
CLKX »{ SCLK SCK p{ SCLK
IRQ f[¢&——eo—] INT/EOC IRQ |[¢——e——— INT/EOC

Single Converter Connects to DSP

Figure 32. Typical Interface to Host DSP and Microprocessor

sampling time analysis

Converter Connects to Microprocessor

Ain

Figure 33 shows the equivalent circuit to evaluate the required sampling time. Req is the Thevenin equivalent

resistor (Req = 3.5 K). The C(sampling) is sampling capacitor (30 pF maximum).

To get 1/4 LSB accuracy, the sampling capacitor, Csampling, has to be charged to

V¢ = Vg % voltage of 1/4 LSB = Vg * (Vg/65532) for 14 bit converter (TLC3574 and TLC3578)
= Vg * (Vg/16384) for 12 bit converter (TLC2574 and TLC2578)

During the sampling time tsampling). C(sampling) is charge to

—t .
_ _ (sampling)
VC—VS 1exp<Rech )

(sampling)

Therefore, the required sampling time is

t(sampling) = Req x C(sampling) x In (65532) for 14-bit (TLC3574 and TLC3578)

TMS320C54x is a trademark of Texas Instruments.
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APPLICATION INFORMATION

REFP

Bipolar Signal
Scaling

Req

} Converter :> v
s
C(sample)
= 30 pF Max
Tc(sample) L

=30 pF

Req = Thevenin Equivalent Resistance
Vs = Thevenin Equivalent Voltage

REFM

Figure 33. Equivalent Input Circuit Including the Driving Source
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (4/5)
TLC2574IDW ACTIVE SoIC Dw 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC25741 Samples
& no Sh/Br) a =
TLC2574IDWG4 ACTIVE SoIC DW 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC25741 Samples
& no Sh/Br) a =
TLC2574IPW ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y2574 Samples
& no Sh/Br) a =
TLC2574IPWG4 ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y2574
& no Sh/Br) s
TLC2578IDW ACTIVE SoIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC2578I Samples
& no Sh/Br) s
TLC2578IDWG4 ACTIVE SoIC DwW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC2578I Eerore:
& no Sh/Br) e
TLC2578IPW ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 Y2578 ol
& no Sh/Br) i
TLC2578IPWG4 ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 Y2578
& no ShiBr) 23mp-2
TLC2578IPWR ACTIVE TSSOP PW 24 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 Y2578 ol
& no Sh/Br) 23mp-2
TLC2578IPWRG4 ACTIVE TSSOP PW 24 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 Y2578 Samples
& no Sh/Br) - =
TLC3574IDW ACTIVE SOIC Dw 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3574l
& no Sb/Br) = =
TLC3574IDWG4 ACTIVE SoIC Dw 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC35741
& no Sh/Br) a =
TLC3574IDWR ACTIVE SoIC Dw 20 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC35741 Samples
& no Sh/Br) a =
TLC3574IDWRG4 ACTIVE SoIC DW 20 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC35741 Samples
& no Sh/Br) a =
TLC3574IPW ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y3574
& no Sh/Br) a =
TLC3574IPWG4 ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y3574
& no Sh/Br) s
TLC3578IDW ACTIVE SoIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3578I Samples
& no Sh/Br) - =
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http://www.ti.com/product/TLC2574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC2574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC2578?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC2578?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC2578?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC2578?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC2578?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC2578?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3574?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3578?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 2 (6) ®3) (415)
TLC3578IDWG4 ACTIVE SoIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3578I m
& no Sh/Br)
TLC3578IDWR ACTIVE SoIC DW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3578I Samples
& no Sh/Br)
TLC3578IPW ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 Y3578 Samples
& no Sh/Br)
TLC3578IPWG4 ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 Y3578
& no Sh/Br)
TLC3578IPWR ACTIVE TSSOP PW 24 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 Y3578 Samples
& no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
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)

TLC2578IPWR TSSOP PW 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
TLC3574IDWR SOIC DW 20 2000 330.0 24.4 10.8 | 13.3 2.7 12.0 | 240 Q1
TLC3578IDWR SOIC DW 24 2000 330.0 24.4 10.75 | 15.7 2.7 12.0 | 24.0 Q1
TLC3578IPWR TSSOP PW 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC2578IPWR TSSOP PW 24 2000 367.0 367.0 38.0
TLC3574IDWR SoIC DW 20 2000 367.0 367.0 45.0
TLC3578IDWR SOIC DW 24 2000 367.0 367.0 45.0
TLC3578IPWR TSSOP PW 24 2000 367.0 367.0 38.0
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MECHANICAL DATA

DW (R—PDS0O—-G20) PLASTIC SMALL QUTLINE

0.512 (13,00)
0.496 (12,60)
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0.299 (7,60)
0.291 (7,40)

- )

HHHHBEHHHHH
1 10
\F;Qel Area J JLW
[-9]0.010 (0,25) @]

- \
[ \ ( ! ;
S UHEEEEEEE AV . J |
I T 0.012 (0,30) \\ -~

~
- |

L 0.104 (2,65) Max 0.004 (0,10)
/ — -
L -
0.013 (0,33) N
0.008 (0,20)1 / \
/
, | \
% | []0.004 (0,10)
Gauge Plane —{ —'vf' :
9 — 7= Seating Plane
}/”T )
0.010 (0,25) 08 7
0.050 (1,27)
0.016 (0,40)

4040000-4 /G 01/11

NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D

Falls within JEDEC MS—013 variation AC.
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LAND PATTERN DATA

DW (R—PDS0O-G20) PLASTIC SMALL OUTLINE
ExamplzeNE:):rg) Layout Steng:hilojgp%rsings
20x0,6—] |— -—18x1,27 — —20x0,55 18x1,27
i nnnnnnni o L D0
INIRIRIRIRIRIRIRIN] (I RIRIRIRIRIRIRIRINN
9,4 9,4
AR ihhnhhnh

Non Solder Mask Define Pad

Solder Mask Opening
(Note E)

Pad Geometry
(Note C)

4209202-4/F 08/13

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C

D

. Refer to IPC7351 for alternate board design.

. Laser cutting apertures with trapezoidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

DW (R—PDS0O—-G24) PLASTIC SMALL QUTLINE

0.614 (15,60)
0.598 (15,20)

AAAAARRRARARR

0.299 (7,60)
0.291 (7,40)

JHHHEHOHHEH A

0.020 (0,51)
Pin 1 J [0.050 (1,27)] JLOM

Index Area ‘%‘OOWO 025 ) @]

-

0.104 (2,65) Max 0.004 (0,10)
0.013 \
0.008 (0,20) 008 1 / \

\ \
: [ ]0.004 (0,10)
Gauge Plane —{ !

? Seating Plane

0.010 (0,25) of _

0.050 (1,27)
0.016 (0,40)

4040000-5/G 01/11

NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D

Falls within JEDEC MS—013 variation AD.
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MECHANICAL DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

/ N
A
| P o pJ M
J | Bes

0,15 NOM

g _
6,60 > 0,75
6,40 0.50

[ | [\ \
v Seating P\one# / ‘

L 1,20 MAX 0.15 (B[00

,05

(=}

4040064-5/G 02/

NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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MECHANICAL DATA

PW (R—PDS0—-G24) PLASTIC SMALL OUTLINE

0,15 NOM /
4,50 6,60

/
i / / \
430 6,20 / ! '
!
i f Gage Plane &
/
N [025 /

EEEEREEREEE

o_g" _ d
AN o
7& 0,50
i \ @ \
v AL . Seating Plone w__J"| nE
AN /
L 1,20 MAX 882 B[00 -

4040064-6/G 02/

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
B. This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0,15 each side.

Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.
E. Falls within JEDEC MO-153
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LAND PATTERN DATA

PW (R—PDSO—G24)

PLASTIC SMALL OUTLINE

Example Board Layout

—>| |<—22x0,65

5,6
<7 N
/, - L
/
/ Example
| Non Soldermask Defined Pad
'/' e N Example
e ™. Solder Mask Opening
é/ \\ (See Note E)
’/ —>_<— O’ 3 -
/ : \
| 1 |
\\\ '] ’6 — ,I Pad Geometry

/
. 0,07 /
N All Aroung/

.
S~ —

S ————

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

24x0,25

1AL

5,6

ANy

22x0,65

~1,95

4211284-4/G  08/15

NOTES: All linear dimensions are in millimeters.

A
B. This drawing is subject to change without notice.
C
D

Publication IPC—7351 is recommended for alternate design.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

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