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® Maximum Throughput 400 KSPS ® Analog Input Range 0 V to Supply Voltage
® Built-In Reference and 8 x FIFO With 500 kHz BW
® Differential/Integral Nonlinearity Error: ® Hardware Controlled and Programmable
+0.5 LSB Max Sampling Period
® Signal-to-Noise and Distortion Ratio: ® Low Operating Current (4 mA at 5.5 V
59 dB, fj=12kHz External Ref, 6 mA at 5.5V, Internal Ref)
® Spurious Free Dynamic Range: 72 dB, ® Power Down: Software/Hardware
f, =12 kHz Power-Down Mode (1 pA Max, Ext Ref),
® SPI/DSP-Compatible Serial Interfaces With Auto Power-Down Mode (5 WA, Ext Ref)
SCLK up to 20 MHz ® Programmable Auto-Channel Sweep
® Single Supply 5 Vdc ® Pin Compatible, 12-Bit Upgrades Available
(TLC2554, TLC2558)
DW OR PW PACKAGE D OR PW PACKAGE
(TOP VIEW) (TOP VIEW)
SDO 1uzo]§ SD0[1U16]E
SDI[] 2 19[] REFP SDI[] 2 15]] REFP
SCLK[] 3 18] REFM SCLK[] 3 14]] REFM
EOC/(INT) [] 4 17[] FS EOC/(INT) [| 4 13]] FS
Veell s 16]] PWDN Vee ll s 12[] PWDN
A0[] 6 15]] GND A0 [l 6 11|]] GND
AL[}7 14]] CSTART Al[] 7 10[] CSTART
A2[] 8 13[] A7 A2[] s 9[] A3
A3[] o 12[] A6
A4fl10  1uflas
description

The TLC1518 and TLC1514 are a family of high-performance, 10-bit, low power, 1.4 ps, CMOS SAR
analog-to-digital converters (ADC) which operate from a single 5 V power supply. These devices have three
digital inputs and a 3-state output [chip select (CS), serial input-output clock (SCLK), serial data input (SDI), and
serial data output (SDO)] that provide a direct 4-wire interface to the serial port of most popular host
microprocessors (SPI interface). When interfaced with a DSP, a frame sync (FS) signal is used to indicate the
start of a serial data frame.

In addition to a high-speed A/D converter and versatile control capability, these devices have an on-chip analog
multiplexer that can select any analog inputs or one of three internal self-test voltages. The sample-and-hold
function is automatically started after the fourth SCLK edge (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 (12 SCLKSs) or as long (24 SCLKs) to accommodate faster SCLK operation popular
among high-performance signal processors. The TLC1518 and TLC1514 are designed to operate with very low
power consumption. The power-saving feature is further enhanced with software/hardware/auto power down
modes and programmable conversion speeds. The converter uses the external SCLK as the source of the
conversion clock. Thereis a 4-V internal reference available and an optional external reference can also be used
to achieve maximum flexibility.

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

PRODUCTION DATA information is current as of publication date.

Copyright 00 1999, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

°
standard warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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functional block diagram

Vecc
|
REFP [ 4v
Reference
REFM [ FIFO
10 Bit x 8
1518 | 1514 Y
A0 AO = Low Power
Al | X 23 SIH 10-BIT >
A2 [ Al £ SAR ADC
A3 X
A4 A2
A5 X Conversion
A6 A3 Command » Clock .
A7 X Decode M
SDO
E CFR X
SDI
CMR (4 MSBs)
) 4
SCLK >
cs >
= > Control Logic EOC/(INT)
CSTART >
PWDN >
\
GND
AVAILABLE OPTIONS
PACKAGED DEVICES
TA 20-TSSOP 20-SOIC 16-SOIC 16-TSSOP
(PW) (DW) (D) (PW)
—40°C to 85°C | TLC1518IPW TLC1518IDW TLC1514I1D TLC1514IPW
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Terminal Functions

TERMINAL

NAME

NO.

TLC1514

TLC1518

lfe}

DESCRIPTION

A0 A0
Al Al
A2 A2
A3 A3
A4
A5
A6
A7

6

7
8
9

6
7
8
9
10
11
12
13

Analog signal inputs. The analog inputs are applied to these terminals and are internally
multiplexed. The driving source impedance should be less than or equal to 1 kQ.

For a source impedance greater than 1 kQ, use the asynchronous conversion start signal CSTART
(CSTART low time controls the sampling period) or program long sampling period to increase the
sampling time.

16

20

Chip select. A high-to-low transition on the cs input resets the internal 4-bit counter, enables SDI,
and removes SDO from 3-state within a maximum setup time. SDI is disabled within a setup time
after the 4-bit counter counts to 16 (clock edges) or_a low-to-high transition of CS whichever
happens first. SDO is 3-stated after the rising edge of CS.

CS can be used as the FS pin when a dedicated serial port is used.

CSTART

10

14

This terminal controls the start of sampling of the analog input from a selected multiplex channel.
A high-to-low transition starts sampling of the analog input signal. A low-to-high transition puts the
S/H in hold mode and starts the conversion. This input is independent from SCLK and works when
CS is high (inactive). The low time of CSTART controls the duration of the sampling period of the
converter (extended sampling).

Tie this terminal to V¢ if not used.

EOC/(INT)

End of conversion or interrupt to host processor.

[PROGRAMMED AS EOC]: This output goes from a high-to-low logic level at the end of the
sampling period and remains low until the conversion is complete and data are ready for transfer.
EOC is used in conversion mode 00 only.

[PROGRAMMED AS INT]: This pin can also be programmed as an interrupt output signal to the
host processor. The falling edge of INT indicates data are ready for output. The following CS¢ or
FS1 clears INT. The falling edge of INT puts SDO back to 3-state even if CS is still active.

FS

13

17

DSP frame sync input. Indication of the start of a serial data frame in or out of the device. If FS
remains low at the falling edge of CS, SDI is not enabled until an active FS is presented. A
high-to-low transition on the FS input resets the internal 4-bit counter and enables SDI within a
maximum setup time. SDI is disabled within a setup time after the 4-bit counter counts to 16 (clock
edges) or a low-to-high transition of CS whichever happens first. SDO is 3-stated after the 16th bit
is presented.

Tie this terminal to V¢ if not used.

GND

11

15

Ground return for the internal circuitry. Unless otherwise noted, all voltage measurements are with
respect to GND.

PWDN

12

16

Both analog and reference circuits are powered down when this pin is at logic zero. The device can
be restarted by active CS or CSTART after this pin is pulled back to logic one.

SCLK

Input serial clock. This terminal receives the serial SCLK from the host processor. SCLK is used
to clock the input SDI to the input register. It is also used as the source of the conversion clock.

SDI

Serial data input. The input data is presented with the MSB (D15) first. The first 4-bit MSBs,
D(15-12) are decoded as one of the 16 commands (12 only for the TLC1514). All trailing blanks
are filled with zeros. The configure write commands require an additional 12 bits of data.

When FS is not used (FS =1), the first MSB (D15) is expected after the falling edge of CS and is
shifted in on the rising edges of SCLK (after CSt).

When FS is used (typical with an active FS from a DSP) the first MSB (D15) is expected after the
falling edge of FS and is shifted in on the falling edges of SCLK.
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Terminal Functions (Continued)

TERMINAL

NAME

NO.

TLC1514

TLC1518

110

DESCRIPTION

SDO 1

1

The 3-state serial output for the A/D conversion result. SDO is kept in the high-impedance state
when CS is high and after the CS falling edge and until the MSB (D15) is presented. The output
format is MSB (D15) first.

When FS is not used (FS = 1 at the falling edge of @), the MSB (D15) is presented to the SDO
pin after the CS falling edge, and successive data are available at the rising edge of SCLK.

When FS is used (FS = 0 at the falling edge of @), the MSB (D15) is presented to SDO after the
falling edge of CS and FS =0 is detected. Successive data are available at the falling edge of SCLK.
(This is typically used with an active FS from a DSP.)

For conversion and FIFO read cycles, the first 10 bits are the result from the previous conversion
(data) followed by 6 don’t cares. The first four bits from SDO for CFR read cycles should be ignored.
The register content is in the last 12 bits. SDO is 3 stated after the 16th bit.

REFM 14

18

External reference input or internal reference decoupling.

REFP 15

19

External reference input or internal reference decoupling. (Shunt capacitors of 10 pF and 0.1 pF
between REFP and REFM.) The maximum input voltage range is determined by the difference
between the voltage applied to this terminal and the REFM terminal when an external reference
is used.

Vce 5

Positive supply voltage

detailed description

analog inputs and internal test voltages

The 4/8 analog inputs and three internal test inputs are selected by the analog multiplexer depending on the
command entered. The input multiplexer is a break-before-make type to reduce input-to-input noise injection
resulting from channel switching.

pseudo-differential/single-ended input

All analog inputs can be programmed as single-ended or pseudo-differential mode. Pseudo-differential mode
is enabled by setting CFR.D7 — 1. Only three analog input channels (or seven channels for the TLC1518) are
available for TLC1514 since one input (Al for TLC1514 or A2 for TLC1518) is used as the MINUS input when
pseudo-differential mode is used. The minus input pin can have a maximum + 0.2 Vripple. This is normally used

for ground noise rejection.

converter

The TLC1514/18 uses a 10-bit successive approximation ADC utilizing a charge redistribution DAC. Figure 1
shows a simplified version of the DAC.

The sampling capacitor acquires the signal on Ain during the sampling period. When the conversion process
starts, the SAR control logic and charge redistribution DAC are used to add and subtract fixed amounts of charge
from the sampling capacitor to bring the comparator into a balanced condition. When the comparator is
balanced, the conversion is complete and the ADC output code is generated.
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Figure 1. Simplified Model of the Successive-Approximation System

serial interface

INPUT DATA FORMAT
MSB LSB
D15-D12 D11-DO
Command Configuration data field

Input data is binary. All trailing blanks can be filled with zeros.

OUTPUT DATA FORMAT READ CFR

MSB LSB
D15-D12 D11-DO
Don't care Register content

OUTPUT DATA FORMAT CONVERSION/READ FIFO
MSB LSB

D15-D6 D5-DO
Conversion result Don't care

The output data format is either binary (unipolar straight binary) or 2s complement.
binary

Zero scale code = 000h, Vcode = VREFM
Full scale code = 3FFh, Vcode = VREFP — 1 LSB

2s complement

Minus full scale code = 200h, Vcode = VREFM
Full scale code = 1FFh, Vcode = VREFP — 1 LSB
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control and timing

start of the cycle:

® When FSis notused (FS =1 at the falling edge of CS), the falling edge of CS is the start of the cycle. Input
data is shifted in on the rising edge, and output data changes on the falling edge of SCLK. This is typically
used for an SPI microcontroller, although it can also be used for a DSP.

® When FSis used ( FS is an active signal from a DSP), the falling edge of FS is the start of the cycle. Input
data is shifted in on the falling edge, and output data changes on the rising edge of SCLK. This is typically
used for a TMS320 DSP.

first 4-MSBs: the command register (CMR)

The TLC1514/TLC1518 have a 4-bit command set (see Table 1) plus a 12-bit configuration data field. Most of
the commands require only the first 4 MSBs, i.e. without the 12-bit data field.

NOTE:
The device requires a write CFR (configuration register) with 000h data (write AOOOh to the serial
input) at power up to initialize host select mode.

The valid commands are listed in Table 1.

Table 1. TLC1514/TLC1518 Command Set

SDI D(15-12) BINARY, HEX TLC1518 COMMAND TLC1514 COMMAND
0000b 0000h Select analog input channel 0 Select analog input channel 0
0001b 1000h Select analog input channel 1 N/A
0010b 2000h Select analog input channel 2 Select analog input channel 1
0011b 3000h Select analog input channel 3 N/A
0100b 4000h Select analog input channel 4 Select analog input channel 2
0101b 5000h Select analog input channel 5 N/A
0110b 6000h Select analog input channel 6 Select analog input channel 3
0111b 7000h Select analog input channel 7 N/A
1000b 8000h SW power down (analog + reference)
1001b 9000h Read CFR register data shown as SDO D(11-0)
1010b A00O0h plus data | Write CFR followed by 12-bit data
1011b B0OOOh Select test, voltage = (REFP+REFM)/2
1100b CO000h Select test, voltage = REFM
1101b D000h Select test, voltage = REFP
1110b EO00O0h FIFO read, FIFO contents shown as SDO D(15-6), D(5-0) = XXXXXX
1111b FOOOh plus data | Reserved
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control and timing (continued)

configuration

Configuration data is stored in one 12-bit configuration register (CFR) (see Table 2 for CFR bit definitions). Once
configured after first power up, the information is retained in the H/W or S/W power-down state. When the device
is being configured, a write CFR cycle is issued by the host processor. This is a 16-bit write. (If the SCLK stops
after the first 8 bits are entered, then the next eight bits can be taken after the SCLK is resumed.) The status
of the CFR can be read with a read CFR command when the device is programmed for one-shot conversion
mode (CFR.D[6,5] = 00).

Table 2. TLC1514/TLC1518 Configuration Register (CFR) Bit Definitions

BIT DEFINITION
D(15-12) All zeros, nonprogrammable
D11 Reference select
0: External
1: Internal
D10 Output select

0: Unipolar straight binary
1: 2's complement

D9 Sample period select
0: Short sampling 12 SCLKs (1x sampling time)
1: Long sampling 24 SCLKs (2x sampling time)

D8 Conversion clock source select
0: Conversion clock = SCLK
1: Conversion clock = SCLK/2

D7 Input select

0: Normal

1: Pseudo differential CH A2(1518) or CH Al (1514) is the differential input
D(6,5) Conversion mode select

00: Single shot mode (single conversion from selected channel)

01: Repeat mode (repeated conversions from selected channel)

10: Sweep mode (single conversion on each channel in selected sequence)
11: Repeat sweep mode (repeated conversions on selected sequence)

D(4,3)T TLC1518 TLC1514
Sweep auto sequence select Sweep auto sequence select
00: 0—1-2—3-4-5-6-7 00: N/A
01: 0—2—-4-6-0-2-4-6 01: 0-1-2-3-0-1-2-3
10: 0-0-2—2-4-4-6-6 10: 0-0-1-1-2-2-3-3
11: 0-2-0-2-0-2-0-2 11: 0-1-0-1-0-1-0-1

D2 EOC/INT — pin function select

0: Pin used as INT
1: Pin used as EOC

D(1,0) FIFO trigger level (sweep sequence length)

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)

T These bits only take effect in conversion modes 10 and 11.

sampling

The sampling period starts after the first 4 input data are shifted in if they are decoded as one of the conversion
commands. These are select analog input (channel 0 through 7) and select test (channel 1 through 3).
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normal sampling

When the converter is using normal sampling, the sampling period is programmable. It can be 12 SCLKs (short
sampling) or 24 SCLKs (long sampling). Long sampling helps the input analog signal sampled to settle to 0.5
LSB accuracy when input source resistance is high.

extended sampling

An asynchronous (to the SCLK) signal, via dedicated hardware pin CSTART, can be used in order to have total
control of the sampling period and the start of a conversion. This is extended sampling. The falling edge of
CSTART is the start of the sampling period. The rising edge of CSTART is the end of the sampling period and
the start of the conversion. This function is useful for an application that requires:

® The use of an extended sampling period to accommodate different input source impedance.

® The use of a faster 1/0 clock on the serial port but not enough sampling time is available due to the fixed
number of SCLKSs. This could be due to a high input source impedance or due to higher MUX ON resistance
at lower supply voltage (refer to application information).

Once the conversion is complete, the processor can initiate a read cycle using either the read FIFO command
to read the conversion result or simply select the next channel number for conversion. Since the device has a
valid conversion result in the output buffer, the conversion result is simply presented at the serial data output.
CSTART is not valid when CS is active.

TLC1514/TLC1518 conversion modes

The TLC1514 and TLC1518 have four different conversion modes (mode 00, 01, 10, 11). The operation of each
mode is slightly different, depending on how the converter performs the sampling and which host interface is
used. The trigger for a conversion can be an active CSTART (extended sampling), CS (normal sampling, SPI
interface), or FS (normal sampling, TMS320 DSP interface). When FS is used as the trigger, CS can be held
active, i.e. CS does not need to be toggled through the trigger sequence. Different types of triggers should not
be mixed throughout the repeat and sweep operations. When CSTART is used as the trigger, the conversion
starts on the rising edge of CSTART. The minimum low time for CSTART is 800 ns. If an active CS or FS is used
as the trigger, the conversion is started after the 16th or 28th SCLK edge. Enough time (for conversion) should
be allowed between consecutive triggers so that no conversion is terminated prematurely.

one shot mode (mode 00)

One shot mode (mode 00) does not use the FIFO, and the EOC is generated as the conversion is in progress
(or INT is generated after the conversion is done).

repeat mode (mode 01)

Repeat mode (mode 01) uses the FIFO. Once the programmed FIFO threshold is reached, the FIFO must be
read, or the data is lost and the sequence starts over again. This allows the host to set up the converter and
continue monitoring a fixed input and come back to get a set of samples when preferred. The first conversion
must start with a select command so an analog input channel can be selected.

sweep mode (mode 10)

Sweep mode (mode 10) also uses the FIFO. Once it is programmed in this mode, all of the channels listed in
the selected sweep sequence are visited in sequence. The results are converted and stored in the FIFO. This
sweep sequence may not be completed if the FIFO threshold is reached before the list is completed. This allows
the system designer to change the sweep sequence length. Once the FIFO has reached its programmed
threshold, aninterrupt (INT) is generated. The host mustissue a read FIFO command to read and clear the FIFO
before the next sweep can start.
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TLC1514/TLC1518 conversion modes (continued)

repeat sweep mode (mode 11)

Repeat sweep mode (mode 11) works the same way as mode 10 except the operation has an option to continue
even if the FIFO threshold is reached. Once the FIFO has reached its programmed threshold, an interrupt (INT)
is generated. Then two things may happen:

1. The host may choose to act on it (read the FIFO) or ignore it. If the next cycle is a read FIFO cycle, all of
the data stored in the FIFO is retained until it has been read in order.

2. Ifthe next cycle is not a read FIFO cycle, or another CSTART is generated, all of the content stored in the
FIFO is cleared before the next conversion result is stored in the FIFO, and the sweep is continued.

Table 3. TLC1514/TLC1518 Conversion Mode

CONVERSION CFR SAMPLING
MODE D(6,5) TYPE OPERATION
One shot 00 Normal . Single conversion from a selected channel
. CS or FS to start select/sampling/conversion/read
. One INT or EOC generated after each conversion
. Host must serve INT by selecting channel, and converting and reading the previous output.
Extended . Single conversion from a selected channel
. CS to select/read
. CSTART to start sampling and conversion
. One INT or EOC generated after each conversion
. Host must serve INT by selecting next channel and reading the previous output.
Repeat 01 Normal . Repeated conversions from a selected channel
. CS or FS to start sampling/conversion
. One INT generated after FIFO is filled up to the threshold
. Host must serve INT by either 1) (FIFO read) reading out all of the FIFO contents up to the
threshold, then repeat conversions from the same selected channel or 2) writing another
command(s) to change the conversion mode. If the FIFO is not read when INT is served, it
is cleared.
Extended . Same as normal sampling except CSTART starts each sampling and conversion when CSis
high.
Sweep 10 Normal . One conversion per channel from a sequence of channels
. CS or FS to start sampling/conversion
. One INT generated after FIFO is filled up to the threshold
. Host must serve INT by (FIFO read) reading out all of the FIFO contents up to the threshold,
then write another command(s) to change the conversion mode.
Extended . Same as normal sampling except CSTART starts each sampling and conversion when CSis
high.
Repeat sweep 11 Normal *  Repeated conversions from a sequence of channels
. CS or FS to start sampling/conversion
. One INT generated after FIFO is filled up to the threshold
. Host must serve INT by either 1) (FIFO read) reading out all of the FIFO contents up to the
threshold, then repeat conversions from the same selected channel or 2) writing another
command(s) to change the conversion mode. If the FIFO is not read when INT is served it is
cleared.
Extended . Same as normal sampling except CSTART starts each sampling and conversion when CSis
high.

NOTE: Programming the EOC/INT pin as the EOC signal works for mode 00 only. The other three modes automatically generate an INT signal
irrespective of whether EOC/INT is programmed.
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timing diagrams

The timing diagrams can be categorized into two major groups: nonconversion and conversion. The
nonconversion cycles are read and write (configuration). None of these cycles carry a conversion. The
conversion cycles are the four modes shown in Figure 7 through Figure 14.

read cycle (read FIFO or read CFR)
read CFR cycle:
The read command is decoded in the first 4 clocks. SDO outputs the contents of the CFR after the 4th SCLK.
1 2 3 4 5 6 7 12 13 14 15 16 1

A i
s /\ /U
\

| Command | \
R R IRIRIAKIKIKK
SDI R RIKARRKL]
SRR R R R R R R R R R R R R R RIS
‘ ‘ {( | {4 n
J— ‘ ‘ ) T )T T
! (¢ | (¢ |
EOC T T )T )Y
| ‘ Register Data \ \
220200,0.0.9.0.90.9.9.90.9.90.9.9.90.9.90.9.9.90.90.0.0.4 7a0.0.9.9.0.0.90.9.9.90.90.0.9
RIS ERRRRRRIKKRS
SDO RIS RRIRIRRIAKEAKES
Co20%00 0% 0 0% 0 0 2020 0 2020 0 et 0 tete 0 0% CRRRRRRARRRRRRK

Figure 2. TLC1514/TLC1518 Read CFR Cycle (FS active)
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R R R R R R RRRRRRRARARIIRR
R R R R R R R R R RRRRRRRRRRRAIAK
SDI & T T 0 % 0 % 0 % 0 % 0 2 T e e e e e T e % e % 0 % e % 0 % 0 e e % e e T % % 0 % 00 % %0 % %0 % 00 % %0 % 20 %0 0 %0 0 % e 20 e %0 % 20 % 20 % Ye Y 20 %
. (( ((
—_— T ‘ ) ‘ )Y
‘ | (¢ | (( |
EOC | . \ i \
| ‘ Register Data | |
AR R R SRR IR IR \ | prrrrax s
RRRRRIRRRRRRRRLRRRRRRN (0 SRR
RERRRHRRHRRARRRRRRRIRK) oDo )T RAEHRLRRRRRS
S D O $.0.9.0.0.0.0.9.0.0.0.00.9.0.0.00.9, ‘ ‘ $.0.0.9.9.9.0.0.9.9)

Figure 3. TLC1514/TLC1518 Read CFR Cycle (FS = 1)
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read cycle (read FIFO or read CFR) (continued)
FIFO read cycle

The first command in the active cycle after INT is generated, if the FIFO is used, is assumed as the FIFO read
command. The first FIFO content is output immediately before the command is decoded. If this command is
not a FIFO read, then the output is terminated but the first data in the FIFO is retained until a valid FIFO read
command is decoded. Use of more layers of the FIFO reduces the time taken to read multiple data. This is
because the read cycle does not generate EOC or INT nor does it carry out any conversion.

10 11 12 15 16

1 2 3 4 5 6 7 1
\ | /—ﬂ%—\ \
CS \ ‘ (( ¢ ‘
| (
1)) T
\

FsS ” ‘
Command \ \
IRIZIIZIZKZIZIZIIIR) IXIXZIXLXLXZK LK LI IR XL ZI XL XL ZZIXLIXZIXZXLK LK LI LI ZI XL XL XL XLILSS
R R R R R KRR R R R R R R R R R R R R R R R R R RRRRELIRELRR
SDI LR R R R R R RRRIRIRARKY

KRR BRI

(( (N ((

INT

EOC

s
15, 0.0.0.90.90.90.9.0.0.0 6.0.0.0.0.0.0.0.90
9. 0.0.0.0.0.0.0.0.0.0.60.0.0.0.0.0.0.4

Figure 4. TLC1514/TLC1518 Continuous FIFO Read Cycle (FS = 1)
(controlled by SCLK, SCLK can stop between each 16 SCLKS)
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write cycle (write CFR)

The write cycle is used to write to the configuration register CFR (with 12-bit register content). The write cycle
does not generate an EOC or INT nor does it carry out any conversion.

)T

Register Data

|
1
‘ (C ‘ I /—\ |

1000 9:0-0-9-0°0-0-0-0-0-O)<0-0-9-0-0-9-9-0-9-9-0 04\

|
AAAARRAAARAN KAANAR
$.9.9.90.9.9.9.0.0.9, $.0.0.9.9.9.9.9.9.90.0.9.0.9.9.9.9.0.9.0.9.0.900900.
SDI SIIIEKEN 1D15) (1p11) RS SRIIIIIN 1D15)
XXX XXX XX XX 000000 00000001 0000000000000
‘ ‘ {( ‘ {( ‘
— ‘ ‘ )] ‘ )] ‘
! | (¢ | ((
E O C ‘ T 1) I )] ‘
P erestsesesesesesesesesesoresesocerores \ tsttsesesesesereoreroce
B s
SDO I RERRRRRXHHHIIIIRIRRRK]

RRHEHKKHKIIKKIRKX KXY

1%0% %%6%% %% % %% %% %% % % %%’ %0%%%%%%%% %% %% %%

Figure 5. TLC1514/TLC1518 Write Cycle (FS active)

1 2 3 4|5 6 7 12 13 14 15 16 |

0000020202000 00 002020 2000000020200 00 000, 0,0,0,0,0.9.9.9.9,
G 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.000000"
SDI R RRRRRRERRHERRRRRRRRRKY 4!!’

| | |

| |

‘ ‘ {( ‘ {C
EOC \ ! " \ K

| ( |

KKK KX X XLRALEALL 93%.

0 0.9.0.0.90.90.90.90.9.90.0.0.0.0.0.0.97).0.0.0.90.90.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.9.9.99000T00.0.0.0.909090000000006000 {C

BRI
SDO R KRR IR RRRRRRRRRRRRRRRRRRKA 7

Figure 6. TLC1514/TLC1518 Write Cycle (FS = 1)
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conversion cycles

DSP/normal sampling

=1\

FS ‘

TR RIS RN I
e 00003020 002020005030 00 0 S0 %0 2002020 202020 00 02000 S0 %0 Y e e 000 0 02020 00 2020 00 02000 0 s0 20 S0 S0 %000 02020 202020 20 S0 %0 00 203000
RRRRRRRL QRKKRRRRRL KRRRRRX ¢ RRLX, HXRRHKKS @

Previous Conv;:\rsion Result
|

¢ e, 2% &
SDI QR KL: 0202020202 %% % %% 1202050202022 20 20 % e 20 2 % % 2020200020250 20 2% e 20 % %0 0%
)
! ! |
T T T 5 5§ T 551 -\

INT ‘ ‘ < ——  tsample (Long) %—.‘ | |
‘ ‘ h tsample (Short) — h* teonv 4" |
| | ‘ )) | |
T T 143 |

EOC | \
.
|

e Te Yo Ta e Yo T e e T e YoY%
ERRRRRRRRRRRARRNS
RERRIIRIRIKIEENKS
RRRRRRKRRRRRRK

| |
D () () (0, () G0 () W )

Figure 7. Mode 00 Single Shot/Normal Sampling (FS signal used)
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S D | "0‘0”'0‘0’0’0‘0‘0‘0’0‘0‘0"‘0’0"‘0‘0”00‘0‘0’0‘0’0‘0’0‘0‘0"‘ ‘0"‘0‘0’000‘0‘0'0‘0‘0( ‘0‘0‘0'0‘0’0‘0‘0‘0‘0"‘0‘0"‘0‘0’000‘0‘0'0‘0‘0‘0‘0’0""" ID. 15

L XXX XXX XX XXX AKX XX XXX XXX XXX XXX KU X XXX XX XXX PO X AKX XXX XXX XX XXX XXX XXX X XXX

(
)

| i i ——t—
“7 tsample (Long) 4‘—J

i
\
| “7 tsample (Short) —| “* tconv 7" ‘
‘ ‘ 2 g s —— —
EOC } } N#__J \
\
spo (opeh opsK2o7 X0 opA 005K 02 )

Figure 8. Mode 00 Single Shot/Normal Sampling (FS = 1, FS signal not used)
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conversion cycles (continued)

Select/Read Select/Read

‘ Cycle | ‘ Cycle ‘

\ \ k‘ " tsample | \

. ‘ . .

CSTART ! \ A 7( \ \ \ /

FS ‘ | I \ ‘ \ | I \

\ ‘ ‘ \ \

teconvert ¢ d |
12 0.9.90.0.0.9.90.9.0.4 22a0.0.0.0.0-90.0.0.0.0.0.0.0-90.0-0-0-0-0_-0.0.0_0.0_0.9.0.90.90.0-0-0-0-0-0.0-0.0.0.90.0.0.0.90.0.90.0.0.0-¢ O2020.0-0-0.0.0.0.0.90.0.0-0-9-0-0-0-0_-0.0-0_0_0_0_90.0.0.0.0-90.90-0-0.0-0-0-0_0_0-0.0_9_0_0
0.0.0.0.0.0.0.0.0.0. 0.9.0.0.0.0.0.0.0.0.9.0.9.0.9.0.9.0.9.0.0.0.0.0.0.0.0.0.0.9.0.0.0.90.0.0000.000000069009000, 0.9.0.9.0.0.0.0.0.9.0.0.0.0.0.90.0.0.9.0.9.0.0.0.9.0.9.0.0.0.0.0.000000000900000
SDI 0:0:0:0:0:0:0:0‘0’0’4 R KRS

REEIEEEKLLLZRRXRHXHXHXRXKX XX KKK RIRKXRRRKX XXX XXX XK KKIRKRRRN

0 0 0 e 0 0 2 20 20 00 0 0 0 0 2 20 2000 0 20 022020020 20 26 %% %0 20 0 0 20 %0 e %o e 0 0 20 20 %Y, 0 0 200 00 0 0 0 %0 %0 %000 20 0220202020 20 20 0% %0 0 020 20 %0 2 %0 %0 0 0 20 %0 %04

00 020 00 0 020 0200 0200 02020202020 0202070707026 °070 267620202070 20 24 ]

‘ |
Previous Conversion | Previous Conversion \ /
Result \ Result
| | ¥ |
Hi-Z

Hi-Z \| v \ Hi-Z

KRRRRRRRRKS

T This is one of the single shot commands. Conversion starts on next rising edge of CSTART.

Figure 9. Mode 00 Single Shot/Extended Sampling (FS signal used, FS pin connected to TMS320 DSP)

CS used as FS input

When interfacing with the TMS320 DSP using conversion mode 00, the FSR signal from the DSP may be
connected to the CS input if this is the only device on the serial port. This will save one output pin from the DSP.
Output data is made available on the rising edge of SCLK and input data is latched on the rising edge of SCLK
in this case.

modes using the FIFO: modes 01, 10, 11 timing

Modes 01, 10, and 11 timing are very similar except for how and when the FIFO is read, how the device is
configured, and how channel(s) are selected.

Mode 01 (repeat mode) requires a two-cycle configuration where the first one sets the mode and the second
one selects the channel. Once the FIFO is filled up to the threshold programmed, it has the option to either read
the FIFO or configure for other modes. Therefore, the sequence is either configure: select : triggered
conversions : FIFO read : select : triggered conversions : FIFO read or configure : select : triggered conversions
: configure : .... Each configure clears the FIFO and the action that follows the configure command depends on
the mode setting of the device.

NOTE:
When using CSTART to sample in extended mode, the falling edge of the first CSTART trigger
should occur no more than 1.5 ps after the falling edge of CS (or falling edge of FS if FS is active)
of the channel select cycle (see Figure 11).

14

‘9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



|

T = £ Distributor of Texas Instruments: Excellent Integrated System Limited
== £ ==  Datasheet of TLC1514ID - IC 10-BIT 4-CH SERIAL A/D 16SOIC

Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com

TLC1514, TLC1518
5-V, 10-BIT, 400 KSPS, 4/8 CHANNEL, LOW POWER,
SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH AUTO POWER DOWN

SLAS252 — DECEMBER 1999

electronic components

modes using the FIFO: modes 01, 10, 11 timing (continued)

Conversion #1 Conversion #4
Configure Seleit/ From Channel 2 From Channel 2 Select
=\ AN
\ \ \ | \ \ \ \
B e L
} ] } o tsample 7‘_"‘ ‘*t }ﬁisample! || } N } \ } } | } ‘ tsample
\ tconver |
} } || } } tconvert ¥ 1 \ ﬂ } } } } } } } } } } | } } tconvert €Y
\ \ \
CSTART | } } i | IR
| BRI
' A ‘ ‘ 0'0'00‘« ‘ ‘ ‘ ‘ ‘
Hi-Z
Read FIFO  #1 #2 #3 #4 Next #1
Top of FIFO

T command = Configure write for mode 01, FIFO threshold = 1/2
¥ command = Read FIFO, 1st FIFO read
§ Command = Select ch2.

Figure 10. TLC1514/TLC1518 Mode 01 DSP Serial Interface (conversions triggered by FS)

Conversion #1 Conversion #4
From Channel 2
Configure  Select / From Channel 2 Select

TR RITIR) [RIXTITIIIILILILILILILIL I LTI LTI TL TR RRTITIIIILIL LI I I IL LTI IL LTS
BRRRRRRRRRIIRIIRIIIKKL GRS
SDI J \ R RIRIRRES] RKRRERRIERIERKES
XXX 0. .0.0. 0A0.0.0A‘.0.04'.0.04'.0.0.'.0AO.0.0AO.0.0A‘.0.0A‘.0.OAQ.Q.Q.Q.QAO.’.QAO.O.Q ‘ ‘ ‘ ‘ '.0.'.0.0.'.0AO.0.0A‘.0.0A0.0.04'.0.0.'.0.0.'.0A0.0.0A‘.
Ly 1 | 1 L Pty Ll
Wl Wi

tsample () > = MIN(tsample) Read FIFO  #1 #2 #3 #4 Next #1
First FIFO Read

T command = Configure write for mode 01, FIFO threshold = 1/2
¥ command = Read FIFO, 1st FIFO read
8 command = Select ch2.

Figure 11. TLC1514/TLC1518 Mode 01 pp/DSP Serial Interface (conversions triggered by CSTART )
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modes using the FIFO: modes 01, 10, 11 timing (continued)

Mode 10 (sweep mode) requires reconfiguration at the start of each new sweep sequence. Once the FIFO is
filled up to the programmed threshold, the host has the option to either read the FIFO or configure for other
modes. Once the FIFO is read, the host must reconfigure the device before the next sweep sequence can be
started. So the sequence is either configure : triggered conversions : FIFO read : configure. or configure :
triggered conversions : configure : .... Each configure clears the FIFO and the action that follows the configure
command depends on the mode setting of the device.

Mode 11 (repeat sweep mode) requires one cycle configuration. This sweep sequence can be repeated without
reconfiguration. Once the FIFO is filled up to the programmed threshold, the host has the option to either read
the FIFO or configure for other modes. So the sequence is either configure : triggered conversions : FIFO read
: triggered conversions : FIFO read ... or configure : triggered conversions : configure : .... Each configure clears
the FIFO and the action that follows the configure command depends on the mode setting of the device.

Conversion
F(:onvzr:mn . CFonvercs:::Jn " Conversion From Channel 3
Configure / rom thanne / rom thanne /From Channel 0

} } } | tsample (3) *l‘ - } | |
t le A :
| | sampeﬂ ﬂ | \ [t tsample (4)

' O

\
[
& teonvert

\
\
N
\
tconvert 9 M ‘
|
\
\

‘ tsample () > = MIN(tsample)

---------------------------------------------
RIS
KRR

-----

---------------------------------
)
V. 0.0.0.0.0.0.9.9.0.9.0.9.0.9.0.9.0.0.0.0.0.0.0.0.0.0.9.0000090
G, 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.,

Read FIFO #1 #2 #3 #4
Top of FIFO
First FIFO Read Second FIFO Read

Read FIFO  #1

Repeat Repeat

T command = Configure write for mode 10 or 11, FIFO threshold = 1/2, sweep seq = 0-1-2-3.
¥ Command = Read FIFO

Figure 12. TLC1514/TLC1518 Mode 10/11 DSP Serial Interface (conversions triggered by FS)
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modes using the FIFO: modes 01, 10, 11 timing (continued)

Conversion Conversion i
From Channel 0 From Channel 3 Conversion gt
. From Channel 0 From Channel 3
Configure

tsample () >= MIN (tsampl¢)

|

t§ample (1)}*‘ o ||
\ \
\

\

\

\

\
| tsample (2) - | }
\ ‘ | tsample (3) ¥ & | ‘
\ . tsample (4) ¥
. -

tconve
} Fﬂ ‘ tconvert M ‘@

Read FIFO #1 #2 #3 #4
Top of FIFO
First FIFO Read

T Command = Configure write for mode 10 or 11, FIFO threshold = 1/2, sweep seq = 0—1—2-3.
¥ command = Read FIFO

Figure 13. TLC1514/TLC1518 Mode 10/11 DSP Serial Interface (conversions triggered by CSTART )

Read FIFO  #1
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Second FIFO Read
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| | tconvert ¥ ‘* teonvert *X ‘*\ } ‘ } } } \ } }
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CSTART | | L ; T |
| | } R |
DI e G EE NN sss, T\ T ‘ ¥ | |

M /-

|
\
00— C}—D—d }
Read FIFO #1 #4\ Read FIFO #1

Repeat Top of FIFO Repeat
First FIFO Read Second FIFO Read

T Command = Configure write for mode 10 or 11, FIFO threshold = 1/2, sweep seq = 0-1-2-3.
¥ command = Read FIFO

Figure 14. TLC1514/TLC1518 Mode 10/11 pp Serial Interface (conversions triggered by CS )
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FIFO operation

Serial
»{ OD

12-BITx*8
FIFO

ADC

Y
~
o

5 4 3 2 1 0

FIFO Full T FIFO 1/2 Full T

FIFO 3/4 Full FIFO 1/4 Full

FIFO Threshold Pointer

Figure 15. TLC1514/TLC1518 FIFO

The device has an 8 layer FIFO that can be programmed for different thresholds. An interrupt is sent to the host
after the preprogrammed threshold is reached. The FIFO can be used to store data from either a fixed channel
or a series of channels based on a preprogrammed sweep sequence. For example, an application may require
eight measurements from channel 3. In this case, the FIFO is filled with 8 data sequentially taken from channel
3. Another application may require data from channel 0, channel 2, channel 4, and channel 6 in an orderly
manner. Therefore, the threshold is set for 1/2 and the sweep sequence 0—2-4—6-0-2—-4—6 is chosen. An
interrupt is sent to the host as soon as all four data are in the FIFO.

SCLK and conversion speed

There are multiple ways to adjust the conversion speed.

® The SCLK s used as the source of the conversion clock and 14 conversion clocks are required to complete
a conversion.

The devices can operate with an SCLK up to 20 MHz for the supply voltage range specified. The clock
divider provides speed options appropriate for an application where a high speed SCLK is used for faster
I/0. The total conversion time is 14 x (DIV/fgc| k) where DIV is 1 or 2. For example a 20-MHz SCLK with the
divide by 2 option produces a 14 x (2/20 M) = 1.4 us conversion time. The maximum equivalent conversion
clock (fsck/DIV) should not exceed 10 MHz.

® Auto power down can be used. This mode is always on. If the device is not accessed (by CS or CSTART),
the converter is powered down to save power. The built-in reference is left on in order to quickly resume
operation within one half SCLK period. This provides unlimited choices to trade speed with power savings.

reference voltage

The device has a built-in reference with a level of 4 V. If the internal reference is used, REFP is set to 4 V and
REFM is setto 0 V. An external reference can also be used through two reference input pins, REFP and REFM,
if the reference source is programmed as external. The voltage levels applied to these pins establish the upper
and lower limits of the analog inputs to produce a full-scale and zero-scale reading respectively. The values of
REFP, REFM, and the analog input should not exceed the positive supply or be lower than GND consistent with
the specified absolute maximum ratings. The digital output is at full scale when the input signal is equal to or
higher than REFP and at zero when the input signal is equal to or lower than REFM.
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FIFO operation (continued)

power down

Writing 8000h to the device puts the device into a software power-down state. For a hardware power down, the
dedicated PWDN pin provides another way to power down the device asynchronously. These two power-down
modes power down the entire device including the built-in reference to save power. The internal reference
requires 20 ms to resume from either a software or hardware power down.

Auto power down mode is always enabled. This mode maintains the built-in reference if an internal reference
is used, so resumption is fast enough to be used between cycles.

The configuration register is not affected by any of the power down modes but the sweep operation sequence
has to be started over again. All FIFO contents are cleared by the hardware and software power-down modes.

power up and initialization

Initialization requires:
1. Determine processor type by writing AOOOh to the TLC1514/18
2. Configure the device

The first conversion after power up or resuming from power down is not valid.

absolute maximum ratings over operating free-air temperature (unless otherwise noted) T
Supply voltage range, GND 10 Vo C - oo oo v vt -0.3Vto6.5V
Analog input voltage range . ...... ..ot -0.3VtoVcc+03V
Reference input voltage ........ ... ... Ve + 0.3V
Digital input voltage range ...t -0.3VtoVcc +0.3V
Operating virtual junction temperature range, Tj ...ttt —40°C to 150°C
Operating free-air temperature range, Ta: TLC1514/181 ..., —40°C to 85°C
Storage temperature range, Tgpg - ...« v v et —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... ... ... ... i, 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 “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

MIN | NOM MAX | UNIT
Supply voltage, Vcc 4.5 5 55 \%
Positive external reference voltage input, VRggp (see Note 1) 2 Vce \
Negative external reference voltage input, VRegMm (note Note 1) 0 2 \%
Differential reference voltage input, VREgp — VREEM (see Note 1) 2| Vce | Vect0.2 \
Analog input voltage (see Note 1) 0 Vce \%
High level control input voltage, V|H 2.1 \%
Low-level control input voltage, V| 0.6 \
Rise time, for CS, CSTART SDI at 0.5 pF, tr(1/0) 4.76 ns
Fall time, for CS, CSTART SDI at 0.5 pF, tf(j/0) 291 ns
Rise time, for INT, EOC, SDO at 30 pF, tr(Qutput) 243 ns
Fall time, for INT, EOC, SDO at 30 pF, tf(output) 2.3 ns

NOTE 1: When binary output format is used, analog input voltages greater than that applied to REFP convert as all ones (1111111111), while input
voltages less than that applied to REFM convert as all zeros (0000000000). The device is functional with reference down to 2 V (VRegp

- VREEM —1); however, the electrical specifications are no longer applicable.
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recommended operating conditions (continued)

MIN | NOM | MAX | UNIT
Transition time, for FS, SCLK, SDI, ty(CLK) 0.5 SCLK
Setuptime, CSfalling edge before SCLK rising edge (FS=1) or before SCLK falling edge (when FSis active),

0.5 SCLK
tsu(CS-SCLK)
Hold time, CS rising edge after SCLK rising edge (FS=1) or after SCLK falling edge (when FS is active), 5 ns
th(SCLK-CS)
Delay time, delay from CS falling edge to FS rising edge, t4(CSL-FSH) 0.5 7 | SCLKs
Delay time, delay time from 16th SCLK falling edge to CS rising edge (FS is active), td(SCLK16F-CSH) 0.5 SCLKs
Setup time, FS rising edge before SCLK falling edge, tsy(FSH-SCLKF) 0.5 | SCLKs
Hold time, FS hold high after SCLK falling edge, th(FSH-SCLKF) 0.5 SCLKs
Pulse width, CS high time, twH(CS) 100 ns
SCLK cycle time, Vo = 2.7 V10 3.6V, t¢(SCLK) 67 ns
SCLK cycle time, Vcc = 4.5 V10 5.5V, t¢(SCLK) 50 ns
Pulse width, SCLK low time, ty| (SCLK) 20 30 ns
Pulse width, SCLK high time, tyH(SCLK) 20 30 ns
Setup time, SDI valid before falling edge of SCLK (FS is active) or the rising edge of SCLK (FS=1), 25 ns
su(DI-SCLK)
Hold time, SDI hold valid after falling edge of SCLK (FS is active) or the rising edge of SCLK (FS=1), 5 ns
th(DI-SCLK)
Delay time, delay from CS falling edge to SDO valid, tg(CSL-DOV) 1 25 ns
Delay time, delay from FS falling edge to SDO valid, t4(ESL-DOV) 1 25 ns
Delaytime, delay from SCLK rising edge (FSis active) or SCLK falling edge (FS=1) SDO valid, t4(CLK-DOV) 1 25 ns
Delay time, delay from CS rising edge to SDO 3-stated, ty(CSH-DOZ) 1 25 ns
Delay time, delay from 16th SCLK falling edge (FS is active) or the 16th rising edge (FS=1) to EOC falling 1 5 ns

edge, tqd(CLK-EOCL)
Delay time, delay from EOC rising edge to SDO 3-stated if CS is low, tg(EOCH-DOZ) 1 50 ns
Delay time, delay from 16th SCLK rising edge to INT falling edge (FS =1) or from the 16th falling edge SCLK

to INT falling edge (when FS active), tg(SCLK-INTL) 35 Hs
Delay time, delay from CS falling edge to INT rising edge, tg(CSL-INTH) 1 50 ns
Delay time, delay from CS rising edge to CSTART falling edge, tg(CSH-CSTARTL) 100 ns
Delay time, delay from CSTART rising edge to EOC falling edge, t4(CSTARTH-EOCL) 1 50 ns
Pulse width, CSTART low time, t\y| (CSTART) 0.8 us
Delay time, delay from CS rising edge to EOC rising edge, tJ(CSH-EOCH) 1 50 ns
Delay time, delay from CSTART rising edge to CSTART falling edge, t4(CSTARTH-CSTARTL) 3.6 ps
Delay time, delay from CSTART rising edge to INT falling edge, t4(CSTARTH-INTL) 35 us
Operating free-air temperature, Ta | TLC1514I/TLC1518I —-40 85 °C

NOTE 2: This is the time required for the clock input signal to fall from V4 max or to rise from V| max to V|ymin. In the vicinity of normal room
temperature, the devices function with input clock transition time as slow as 1 ps for remote data-acquisition applications where the
sensor and A/D converter are placed several feet away from the controlling microprocessor.
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electrical characteristics  over recommended operating free-air temperaturerange,V. ~ cc=Vrgpp=4.5Vto
5.5V, SCLK frequency = 20 MHz at 5 V, (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
Vou High-level output voltage Vee=5.5V, lpy =20 pA at 30 pF load 2.4 \Y
VoL Low-level output voltage Vee=5.5V, oL =20 pA at 30 pF load 0.4 \%
| Off-state output current Vo =Vce cS=v 1 2.5 uA
0z (high-impedance-state) Vo=0 - vec 1 25
iy High-level input current V) =Vce 0.005 25 HA
I Low-level input current V=0V —-0.005 25 HA
lee Operating supply current, normal sampling CSatOV,Extref |Vcc=45Vt055V 4] mA
(short) CSat0oV,Intref |[Vec=45Vt055V 6 mA
. . CS at0V, Extref Vec=45Vto55V 1.9 mA
lcc Operating supply current, extended sampling —
CSatoV, Intref Vec=45Vto55V 2 mA
Internal reference supply current CSat0V,Vcc=45Vto55V 2 mA
For all digital inputs,
~ 0< V| <0.3Vor V|2VCc— 0.3V,
lccPp) Power-down supply current SCLK =0, Vee = 4.5V 10 5.5V, 0.1 1 HA
Ext clock
For all digital inputs,
- 0< V< 0.3Vor V|2 Vce— 0.3V, +
lccautopwpn)  Auto power-down current SCLK =0, Vee = 4.5V 10 5.5V, 5 HA
Ext clock, Ext ref
Selected channel at V¢ 1
Selected channel leakage current HA
Selected channel at 0 V -1
Maximum static analog reference current into _ _ _
REFP (use external reference) Veerp = Vee =55V, Vrerm = GND 1 KA
) Analog inputs 45 50
Ci Input capacitance pF
Control Inputs 5 25
Z; Input MUX ON resistance Vec =55V 500 Q
T All typical values are at Vcc = 5V, Ta = 25°C.
¥ 800 PA if internal reference is used.
ac specifications
PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
SINAD  Signal-to-noise ratio +distortion fi = 12 kHz at 400 KSPS 59 60 dB
THD Total harmonic distortion f| = 12 kHz at 400 KSPS -80 —72 dB
ENOB Effective number of bits f| = 12 kHz at 400 KSPS 9.6 Bits
SFDR Spurious free dynamic range f| = 12 kHz at 400 KSPS -82 —72 dB
Analog input
Full power bandwidth, —3 dB 1 MHz
Full power bandwidth, —1 dB 500 kHz
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reference specifications (0.1 pF and 10 pF between REFP and REFM pins)

PARAMETER TEST CONDITIONS MIN  TYP  MAX | UNIT
Reference input voltage, REFP Vcc=45V Vce \Y
) CS=1, SCLK=0, (off) 100 MQ
Input impedance Vcc =55V
CS=0, SCLK=20MHz(on) 20 25 kQ
Input voltage difference, REFP — REFM Vcc =45V 2 Vce \Y
Internal reference voltage,REFP — REFM Vce =5.5V | Reference select = internal 3.85 4 415 \Y
Internal reference start up time Vcc =55V |10 pF 20 ms
Reference temperature coefficient Vcc=45V 16 40 | PPM/°C
operating characteristics over recommended operating free-air temperature range, V cc = VRepp =45V,
SCLK frequency = 20 MHz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
Integral linearity error (INL) (see Note 4) +0.5 LSB
Differential linearity error (DNL) See Note 3 +0.5 LSB
Eo Offset error (see Note 5) See Note 3 +1 LSB
Eg Gain error (see Note 5) See Note 3 +0.5 +1 LSB
ET Total unadjusted error (see Note 6) +1 LSB
SDI = B0OOh (190)
Self-test output code (see Table 1 and Note 7) SDI = C000h (()88?
SDI = D00Oh (1623D)
tconv Conversion time External SCLK (lfé)c(:?:zl)
tsample Sampling time At 1 kQ 600 ns
t(1/0) Transition time for EOC, INT 50 ns
t(CLK) Transition time for SDI, SDO 25 ns

T Al typical values are at Tp = 25°C.

NOTES: 3. Analoginputvoltages greater than that applied to REFP convert as all ones (1111111111), while input voltages less than that applied
to REFM convert as all zeros (0000000000). The device is functional with reference down to 2 V (VREFP — VREFM); however, the
electrical specifications are no longer applicable.

4. Linear error is the maximum deviation from the best straight line through the A/D transfer characteristics.

5. Zero error is the difference between 0000000000 and the converted output for zero input voltage: full-scale error is the difference
between 1111111111 and the converted output for full-scale input voltage.

6. Total unadjusted error comprises linearity, zero, and full-scale errors.

7. Both the input data and the output codes are expressed in positive logic.
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PARAMETER MEASUREMENT INFORMATION
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Figure 16. Critical Timing (normal sampling, FS is active)
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PARAMETER MEASUREMENT INFORMATION
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Figure 17. Critical Timing (extended sampling, single shot)
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Figure 18. Critical Timing (extended sampling, repeat/sweep/repeat sweep)
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Figure 19. Critical Timing (normal sampling, FS = 1)
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TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY

DIFFERENTIAL NONLINEARITY
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TYPICAL CHARACTERISTICS
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POWER DOWN CURRENT
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TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY
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DIFFERENTIAL NONLINEARITY
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DNL — Differential Nonlinearity — LSB

INL — Integral Nonlinearity — LSB

TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY
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DIFFERENTIAL NONLINEARITY
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TYPICAL CHARACTERISTICS
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NOTES: A. This curve is based on the assumption that Vyef+ and Vyef— have been adjusted so that the voltage at the transition from digital O to
1 (VzT) is 2.44 mV, and the transition to full scale (VET) is 4.9898 V, 1 LSB = 4.88 mV.
B. The full scale value (VEg) is the step whose nominal midstep value has the highest absolute value. The zero-scale value (Vzg) is
the step whose nominal midstep value equals zero.

Figure 36. Ideal 10-Bit ADC Conversion Characteristics
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Figure 37. Typical Interface to a TMS320 DSP
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simplified analog input analysis

Using the equivalent circuit in Figure 39, the time required to charge the analog input capacitance from 0 to VS
within 1/2 LSB can be derived as follows.

The capacitance charging voltage is given by:

Ve = Vs (1—EXP ( Rt‘i" c:')) 1)

Where
Rt = Rs + Zi
tc = Cycle time

The input impedance Ziis 0.5 kQ at 5 V. The final voltage to 1/2 LSB is given by:

VC (1/2 LSB) = VS- (V_S)

2048 (2

Equating equation 1 to equation 2 and solving for cycle time tc gives:

Vs— (%) = Vs (l—EXP ( Rt‘f c:’)) 3)

and time to change to 1/2 LSB (minimum sampling time) is:

tch (1/2 LSB) = Rt x Ci X In(2048)
Where

In(2048) = 7.625

Therefore, with the values given, the time for the analog input signal to settle is:

tch (1/2 LSB) = (Rs + 0.5 k@) x Ci x In(2048) (4)

This time must be less than the converter sample time shown in the timing diagrams. This is 12x SCLKs (if the
sampling mode is short normal sampling mode).

< _1
tch (1/2 LSB) < 12x HSCLK) )

Therefore the maximum SCLK frequency is:

B 12 _ 12
max{f(SCLK)] = oh (1/2 LSB) " [In(2048) x Rt x Ci] ©
i
TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 33



34

= Distributor of Texas Instruments: Excellent Integrated System Limited
= Datasheet of TLC1514ID - IC 10-BIT 4-CH SERIAL A/D 16SOIC
p—— --n:pn-“-nh Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com

g
lll;;lll

TLC1514, TLC1518
5-V, 10-BIT, 400 KSPS, 4/8 CHANNEL, LOW POWER,
SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH AUTO POWER DOWN

SLAS252 — DECEMBER 1999

PRINCIPLES OF OPERATION
|

Driving Source T ¢—— | ———— TLC1514/18

V| = Input Voltage at AIN

R . Vs = External Driving Source Voltage
S ! Rg = Source Resistance
Vs Ve ri = Input Resistance (MUX on Resistance)
| Cj = Input Capacitance
} Ci V¢ = Capacitance Charging Voltage
‘ J;
T Driving source requirements:

* Noise and distortion for the source must be equivalent to the resolution of the converter.
* Rg must be real at the input frequency.

Figure 38. Equivalent Input Circuit Including the Driving Source

maximum conversion throughput

For a supply voltage of 5V, if the source impedance is less than 1 kQ, and the ADC analog input capacitance

Ci is less than 50 pF, this equates to a minimum sampling time tch(0.5 LSB) of 0.571 ps. Since the sampling
time requires 12 SCLKs, the fastest SCLK frequency is 12/tch = 20 MHz.

The minimal total cycle time is given as:

= - —4x—L 1
tc = tcommand + tch + tconv + td(EOCH-CSL) = 4 X SCLK) + 12 X SCLK) + 14 us+ 0.1 us

— —1 =
=16 X 50 MHz +15us =23 us

This is equivalent to a maximum throughput of 400 KSPS. The throughput can be even higher with a smaller
source impedance.
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power down calculations

I(AVERAGE) = (fs/fspmax) % I(ON) + (1-fs/fspax) % i(OFF)

CASE 1: If Vpp = 5V, auto power down, and an external reference is used:

fS = 20 kHz
fSMAX = 400 kHz
i(ON) = ~ 4 mA operating current and i(OFF) = ~ 5 uA auto power-down current

SO
i(AVERAGE) = 0.05 x 4000 uA + 0.95 X 5 uA = 0.21 mA

CASE 2: Now if software power down is used, another cycle is needed to shut it down.

fS = 40 kHz
fSMAX = 400 kHz
i(ON) =~ 4 mA operating current and i(OFF) =~ 5 uA power-down current

SO
i(AVERAGE) = 0.1 x 4000 uA + 0.9 X 5 uA = 0.41 mA

In reality this will be less since the second conversion never happened. Itis only the additional cycle to shut down
the ADC.

CASE 3: Now if the hardware power down is used.
fS = 20 kHz

f = 400 kHz

SMAX
i(ON) =~ 4 mA operating current and i(OFF) =~ 5 uA power-down current

SO
i(AVERAGE) = 0.05 X 4000 uA + 0.95 X 5 uA = 0.21 mA

difference between modes of conversion

The major difference between sweep mode (mode 10) and repeat sweep mode (mode 11) is that the sweep
sequence ends after the FIFO is filled up to the programmed threshold. The repeat sweep can either dump the
FIFO (by ignoring the FIFO content but simply reconfiguring the device) or read the FIFO and then repeat the
conversions on the the same sequence of the channel as before.

FIFO reads are expected after the FIFO is filled up to the threshold in each case. Mode 10 — the device allows
only FIFO read or CFR read or CFR write to be executed. Any conversion command is ignored. In the case of
mode 11, in addition to the above commands, conversion commands are also executed , i.e. the FIFO is cleared
and the sweep sequence is restarted.

Both single shot and repeat modes require selection of a channel after the device is configured for these modes.
Single shot mode does not use the FIFO, but repeat mode does. When the device is operating in repeat mode,
the FIFO can be dumped (by ignoring the FIFO content and simply reconfiguring the device) or the FIFO can
be read and then the conversions repeated on the same channel as before. However, the channel has to be
selected first before any conversion can be carried out. The devices can be programmed with the following
sequences for operating in the different modes that use a FIFO.
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difference between modes of conversion (continued)

REPEAT:
Configure FIFO Depth=4 /CONV Mode 01
Select Channel/
1st Conv (CS or CSTART)
2nd Conv (CS or CSTART)
3rd Conv (CS or CSTART)
4th Conv (CS or CSTART
FIFO READ 1
FIFO READ 2
FIFO READ 3
FIFO READ 4
Select Channel
1st Conv (CS or CSTART)
2nd Conv (CS or CSTART)
3rd Conv (CS or CSTART)
4th Conv (CS or CSTART

SWEEP:
Configure FIFO Depth=4 SEQ=1-2-3-4/CONV Mode 10
conv ch 1 (CS/CSTART)
conv ch 2 (CS/CSTART)
conv ch 3 (CS/CSTART)
conv ch 4 (CS/CSTART
FIFO READ ch 1 result
FIFO READ ch 2 result
FIFO READ ch 3 result
FIFO READ ch 4 result
Configure (not required if same sweep sequence is to be used again)

REPEAT SWEEP:
Configure FIFO Depth=4 SWEEP SEQ=1-2-3-4/CONV Mode 11
conv ch 1 (CS/CSTART)
conv ch 2 (CS/CSTART)
conv ch 3 (CS/CSTART)
conv ch 4 (CS/CSTART
FIFO READ ch 1 result
FIFO READ ch 2 result
FIFO READ ch 3 result
FIFO READ ch 4 result
conv ch 1 (CS/CSTART)
conv ch 2 (CS/CSTART)
conv ch 3 (CS/CSTART)
conv ch 4 (CS/CSTART
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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 @ ® ® @)
TLC1514ID ACTIVE SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC1514I Samples
& no Sb/Br) -
TLC1514IDG4 ACTIVE SolIc D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC15141
& no Sh/Br)
TLC1514IPW ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y1514 ——
& no Sh/Br) ple
TLC1518IDW ACTIVE solIc DwW 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC1518I Serles
& no Sh/Br) P e
TLC1518IPW ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y1518 Sammples
& no Sb/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 TI 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.

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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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 JESD48, 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 Tl 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 TI under the patents or other intellectual property of TI.

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

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of 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 TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

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

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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Audio www.ti.com/audio Automotive and Transportation — www.ti.com/automotive
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