TLV1504, TLV1508
2.7-V TO 5.5-V, 10-BIT, 200-KSPS, 4-/8-CHANNEL, LOW-POWER
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® Maximum Throughput 200-KSPS ® Analog Input Range 0-V to Supply Voltage
® Built-In Reference, Conversion Clock and With 500 kHz BW
8x FIFO ® Hardware Controlled and Programmable
® Differential/Integral Nonlinearity Error: Sampling Period
+1 LSB ® | ow Operating Current (1.0-mA at 3.3-V,
® Signal-to-Noise and Distortion Ratio: 1.1-mA at 5.5-V With External Ref
59 dB, fj=12-kHz ® Power Down: Software/Hardware
® Spurious Free Dynamic Range: 72 dB, Power-Down Mode (1 uA Max, Ext Ref),
fi = 12- kHz Autopower-Down Mode (1 pA, Ext Ref)
® SPI(CPOL =0, CPHA = 0)/DSP-Compatible ® Programmable Auto-Channel Sweep
Serial Interfaces With SCLK up to 20-MHz ® Pin Compatible 12-Bit Upgrades Available
® Single Wide Range Supply 2.7 Vdc to (TLV2544, TLV2548)
5.5 Vdc
TLV1508 TLV1504
DW OR PW PACKAGE D OR PW PACKAGE
(TOP VIEW) (TOP VIEW)
sbo[]1 Uzo]& SDO 1U16]§
SDI[] 2 19[] REFP SDI[] 2 15[] REFP
SCLK ] 3 18|] REFM SCLK [] 3 14|] REFM
EOC/(INT) [| 4 17[] Fs EOC/(INT) [] 2 13[] FS
Veell s 16[] PWDN Vee ll s 12[] PWDN
A0[] 6 15[] GND A0[]6 11[] GND
AL[]7 14]] CSTART AL[] 7 10[] CSTART
A2[] s 13[] A7 A2[] s 9] A3
A3[] 9 12[] A6
A4f]10 1] A5
description

The TLV1508 and TLV1504 are a family of high performance, 10-bit low power, 3.86 us, CMOS analog-to-digital
converters (ADC) which operate from a single 2.7-V to 5.5-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 TMS320™ 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 SCLKs) or as long (24 SCLKs) to accommodate faster SCLK operation popular
among high-performance signal processors. The TLV1508 and TLV1504 are designed to operate with very low
power consumption. The power-saving feature is further enhanced with software/hardware/autopower-down
modes and programmable conversion speeds. The conversion clock (OSC) and reference are built-in. The
converter can use the external SCLK as the source of the conversion clock to achieve higher (up to 2.8 us when
a 20 MHz SCLK is used) conversion speed. Two different internal reference voltages are available. 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.

TMS320 is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
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description (continued)

The TLV15041 and the TLV1508I are characterized for operation from —40°C to 85°C.

functional block diagram

Vce
|
REFP || 412V
Reference
REFM [P FIFO
12 Bit x 8
2548 | 2544 A4
A0 A0 D Low Power
Al 1 X =) SIH 10-BIT -
A2 | Al = SAR ADC
A3 X 0oSsC
A4 A2
A5 X INT
A6 | A3 Command > Conversion >
A7 X Decode EXT Clock w
CFR X Sbo
SDI —Hﬁ M b
CMR (4 MSBs) EE
A
A 4
SCLK »
cs >
FS > Control Logic EOCI/(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 | TLV1508IPW TLV1508IDW TLV1504ID TLV15041PW
"l
I EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV1504, TLV1508
2.7-V T0 5.5-V, 10-BIT, 200-KSPS, 4-/8-CHANNEL, LOW-POWER

SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH AUTOPOWER-DOWN

SLAS251A - DECEMBER 1999 - REVISED JANUARY 2003

Terminal Functions

TERMINAL

NAME

NO.

TLV1504

TLV1508

1/O

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 k<, 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.

NOTE: CS falling and rising edges need to happen when SCLK is low for a microprocessor interface
such as SPI.

CSTART

10

14

This terminal controls the start of sampling of the analog input from a selected multiplex channel.
Sampling time starts with the falling edge of CSTART and ends with the rising edge of CSTART as
long as CS is held high. In mode 01, select cycle, CSTART can be issued as soon as CHANNEL
is selected which means the fifth SCLK during the select cycle, but the effective sampling time is
not started until CS goes to high. The rising edge of CSTART (when CS = 1) also starts the
conversion. 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 ASW’]: 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 CSl or FS
clears INT.

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 after 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.

Tie this terminal to V¢ if not used. See the date code information section, item (1).

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, FS 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. When programmed, it may also be used as the source of
the conversion clock.

NOTE: This device supports CPOL (clock polarity) = 0, which is SCLK returns to zero when idling
for SPI compatible interface.

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 TLV1504). 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
latched in on the rising edges of SCLK (after CS!).

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 latched in on the falling edges of SCLK.

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.
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Terminal Functions (Continued)

TERMINAL

NO. 110 DESCRIPTION
TLV1504 | TLV1508

SDO 1 1 O [ 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 is presented. The output format
is MSB first.

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

When FS is used (FS = 0 at the falling edge of &), the MSB 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 and
changed on the rising edge. (This is typically used with an active FS from a DSP.)

For conversion and FIFO read cycles, the first 12 bits are result from previous conversion (data)
followed by 4 don't care bits. 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-state (float) after the 16th bit.

See the date code information section, item (2).

NAME

REFM 14 18 | External reference input or internal reference decoupling. Tie this pin to analog ground if internal
reference is used.

REFP 15 19 | External reference input or internal reference decoupling. (Shunt capacitors of 10 uF and 0.1 puF
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 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.

converter

The TLV1504/48 uses a 10-bit successive approximation ADC utilizing a charge redistribution DAC. Figure 1
shows a simplified version of the ADC.

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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detailed description (continued)

Charge
Redistribution
DAC

Ain —0— 00—

Contol o Abc Code
Logic

Figure 1. Simplified Model of the Successive-Approximation System

serial interface

INPUT DATA FORMAT

MSB LSB

D15-D12 D11-DO
Command ID[15:12] | Configuration data field ID[11:0]

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

OUTPUT DATA FORMAT READ CFR

MSB LSB

D15-D12 D11-DO
Register content OD[11:0]

Don't care

OUTPUT DATA FORMAT FIFO READ

LSB
D1, DO

Don’t care

MSB
D15-D12 D11-D2
Don't care FIFO content OD[9:0]

OUTPUT DATA FORMAT CONVERSION

MSB LSB

D15-D6 D5-D0
Don't care

Conversion result OD[9:0]

The output data format is binary (unipolar straight binary).

binary
Zero scale code = 000h, Vcode = VREFM
Full scale code = 3FFh, Vcode = VREFP - 1 LSB
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control and timing

power up and initialization requirements
® Determine processor type by writing AOOOh to the TLV1504/48 (CS must be toggled)

® Configure the device (CS must make a high-to-low transition, then can be held low if in DSP mode; i.e.,
active FS.)

The first conversion after power up or resuming from power down is not valid.
start of the cycle:
® When FSis not used (FS = 1 at the falling edge of CS), the falling edge of CS is the start of the cycle.
® When FSis used (FS is an active signal from a DSP), the falling edge of FS is the start of the cycle.
first 4-MSBs: the command register (CMR)

The TLV1504/TLV1508 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.

The valid commands are listed in Table 1.

Table 1. TLV1504/TLV1508 Command Set

SDI D(15-12) BINARY TLV1508 COMMAND TLV1504 COMMAND
0000b Oh Select analog input channel 0 Select analog input channel 0
0001b 1h Select analog input channel 1 N/A

0010b 2h Select analog input channel 2 Select analog input channel 1
0011b 3h Select analog input channel 3 N/A

0100b 4h Select analog input channel 4 Select analog input channel 2
0101b 5h Select analog input channel 5 N/A

0110b 6h Select analog input channel 6 Select analog input channel 3
0111b 7h Select analog input channel 7 N/A

1000b 8h SW power down (analog + reference)

1001b 9h Read CFR register data shown as SDO D(11-0)

1010b | Ah plus data \S/\r/]rci)t: SCanfl?r:I;,vaengé// ;LZ;)AIQ ?;t;; 0et.’gﬁAlooh means external reference,
1011b Bh Select test, voltage = (REFP+REFM)/2

1100b Ch Select test, voltage = REFM

1101b Dh Select test, voltage = REFP

1110b Eh FIFO read, FIFO contents shown as SDO D(15-4), D(3-0) = 0000
1111b | Fh plus data | Reserved

NOTE: 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).
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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. TLV1504/TLV1508 Configuration Register (CFR) Bit Definitions

BIT

DEFINITION

D11

Reference select
0: External
1: Internal (Tie REFM to analog ground if the Internal reference is selected.)

D10

Internal reference voltage select
0: Internal ref =4V 1:internal ref=2V

D9

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

D(8,7)

Conversion clock source select

00: Conversion clock = internal OSC
01: Conversion clock = SCLK

10: Conversion clock = SCLK/4

11: Conversion clock = SCLK/2

D(6,5)

Conversion mode select

00: Single shot mode [FIFO not used, D(1,0) has no effect.]
01: Repeat mode

10: Sweep mode

11: Repeat sweep mode

D(4,3)t

TLV1508 TLV1504

Sweep auto sequence select
00: 0-1-2-3-4-5-6-7
01: 0-2-4-6-0-2-4-6
10: 0-0-2-2-4-4-6-6
11: 0-2-0-2-0-2-0-2

Sweep auto sequence select
00: N/A

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 when SCLK is faster than 10 MHz or when input
source resistance is high.

extended sampling

CSTART - An asynchronous (to the SCLK) signal, via dedicated hardware pin, CSTART, can be used to have
total control of the sampling period and the start of a conversion. This extended sampling is user-defined and
is totally independent of SCLK. While CS is high, the falling edge of CSTART is the start of the sampling period
and is controlled by the low time of CSTART. The minimum low time for CSTART should be at least equal to
the minimum tsampLE)- In a select cycle used in mode 01 (REPEAT MODE), CSTART can be started as soon
as the channel is selected (after the fifth SCLK). In this case the sampling period is not started until CS has
become inactive. Therefore the nonoverlapped CSTART low time must meet the minimum sampling time
requirement. The low-to-high transition of CSTART terminates the sampling period and starts the conversion
period. The conversion clock can also be configured to use either internal OSC or external SCLK. 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 I/O 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.

Once the conversion is complete, the processor can initiate a read cycle by using either the read FIFO command
to read the conversion result or by simply selecting 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. To completely get out of the extended sampling mode, CS must be toggled twice from a high-to-low
transition while CSTART is high. The read cycle mentioned above followed by another configuration cycle of
the ADC qualifies this condition and successfully puts the ADC back to its normal sampling mode. This can be
viewed in Figure 9.

Table 3. Sample and Convert Conditions

CONDITIONS SAMPLE CONVERT

No sampling clock (SCLK) required.  Sampling
period is totally controlled by the low time of CSTART.
The high-to-low transition of CSTART (when CS=1)

Cs=1 starts the sampling of the analog input signal. The low
CSTART | (see Figures time of CSTART dictates the sampling period. The
11 and 18) low-to-high transition of CSTART ends sampling

period and begins the conversion cycle. (Note: this
trigger only works when internal reference is selected
for conversion modes 01, 10, and 11.)

1) If internal clock OSC is selected a maximum
conversion time 3.86 us can be achieved.

2) If external SCLK is selected, conversion time is
tconv = 14 x DIV/f(scLK), where DIV can be 1, 2,
or 4.

SCLK is required. Sampling period is programmable
under normal sampling. When programmed to sample
— CSTART =1 under short sampling, 12 SCLKs are generated to
FS=1 complete sampling period. 24 SCLKs are generated
when programmed for long sampling. A command set
to configure the device requires 4 SCLKs thereby ex-
tending to 16 or 28 SCLKs respectively before conver-
sion takes place. (Note: Because the ADC only
bypasses a valid channel select command, the user
CSTART =1 can use select channel 0, 0000b, as the SDI input
CS=0 when either CS or FS is used as trigger for conversion.
The ADC responds to commands such as SW power-
down, 1000b.)

FS
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TLV1504/TLV1508 conversion modes

The TLV1504 and TLV1508 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. SDI can be one of the channel select
commands, such as SELECT CHANNEL 0. 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 equal to tsampLE). 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. This mode setup requires configuration cycle and channel select cycle.
Once the programmed FIFO threshold is reached, the FIFO must be read, or the data is lost when the sequence
starts over again with the SELECT cycle and series of triggers. No configuration is required except for
reselecting the channel unless the operation mode is changed. 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.

Triggered by CSTART: The first conversion can be started with a select cycle or CSTART. To do so, the user
can issue CSTART during the select cycle, immediately after the four-bit channel select command. The first
sample started as soon as the select cycle is finished (i.e., CS returns to 1). If there is enough time (2 ps) left
between the SELECT cycle and the following CSTART, a conversion is carried out. In this case, you need one
less trigger to fill the FIFO. Succeeding samples are triggered by CSTART.

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, an interrupt (INT) is generated. The host must issue a read FIFO command to read and clear the FIFO
before the next sweep can start.

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. If the 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.
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TLV1504/TLV1508 conversion modes (continued)

Table 4. TLV1504/TLV1508 Conversion Mode

CONVERSION | CFR | SAMPLING
MODE D(6,5) TYPE OPERATION
One shot 00 Normal e Single conversion from a selected channel
e CSorFS to start select/sampling/conversion/read
e One INT or EOC generated after each conversion
e Host must serve INT by selecting channel, and converting and reading the previous output.
Extended e Single conversion from a selected channel
e CSto select/read
e CSTART to start sampling and conversion
e One INT or EOC generated after each conversion
e Host must serve INT by selecting next channel and reading the previous output.
Repeat 01 Normal e Repeated conversions from a selected channel
e CSor FS to start sampling/conversion
e One INT generated after FIFO is filled up to the threshold
e 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 e Same as normal sampling except CSTART starts each sampling and conversion when CSis
high.
Sweep 10 Normal e One conversion per channel from a sequence of channels
e CS or FS to start sampling/conversion
e One INT generated after FIFO is filled up to the threshold
e 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 e 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
e CSorFS to start sampling/conversion
e One INT generated after FIFO is filled up to the threshold
e 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 e Same as normal sampling except CSTART starts each sampling and conversion when CSis
high.

NOTES: 1. 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 how EOC/INT is programmed.
2. Extended. Sampling mode using CSTART as the trigger only works when internal reference is selected for conversion modes 01,
10, and 11.
3. When using CSTART to sample in extended mode, the falling edge of the next CSTART trigger should occur no more than 2.5 us
after the falling CS edge (or falling FS edge if FS is active) of the channel select cycle. This is to prevent an ongoing conversion from
being canceled.
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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. Conversion
cycles are those four modes of conversion.

read cycle (read FIFO or read CFR)

read CFR cycle:

The read command is decoded in the first four clocks. SDO outputs the contents of the CFR after the fourth
SCLK. This command works only when the device is programmed in the single shot mode (mode 00).

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

N AVAVAVAVAVAVA VAVAVAVAVAVAVAVAVAVAVARVAVAVAVAY
AN
s /T

SDI

I,
)
100 0.0.0.0.0.0.0.0.0.90.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.90900.0900000009000000000000000000000090000000
%.0.0.9.0.0.0.0.0.0.9.0.0.0.0.0.0.0,$00.0.0.00.0,0.0.0,0.0.0,00.0,00000.00.0.00.0.00.0.0.0.0.0.0.000.0,00.0.00.0.0.0.0.0.0.0.0.0.000.0.

Il (¢ (¢

EOC ! " "
03020202020502020207020°0207000202030 000700705000, {C

SDO D EDEDHED y

Figure 2. TLV1504/TLV1508 Read CFR Cycle (FS active)

3 4 5 6 7 12 13 14 15 16

1 2 1
SN YAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAN
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|

FS

9,9.9.9.9.9.0.0.9.9.9.9.9.9.0.0.9.9L) 0 .0.0.9.9.9.9.9.9.0.9.9.9.9.0.9.9.0.9.9.9.9.9.0.9.9.9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.0.9.9.9.999000000

T e T oo e e e e e A S e S %Y @
000,00 0 9.0 000 0 0 0.9.0.0.070 0 000000090000 09.9.9.0000.9.9.0.00009.9.0.0000900000099000009900000
R AR AR AR AXAXAKAKAKS

SDI

| | ( | I
INT ‘ ‘ "’ ‘ |
‘ ‘ (¢ ‘ ( ‘
EOC ! ! " | i |
(TR IIIIIIIIIR ‘ RIS
et satesatesatetetetetetotetotete @ @ @ @ oDo S ——————— st e
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Figure 3. TLV1504/TLV1508 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.

1 2 3 4 5 6 7 10 11 14 15 16 A

1 2
SCLK w\f\f\f\f\f\f\/ W\/W\ TAVAVAY, \\ AN /ﬂ\f\f\_

00000 00000000000 0800000000000 00.00:0-0.0.00:00.00.0000900000 00000000000 000000 000
KRR
R R RIS

SO0 0N 207070707070 70 -0 0 0 0 0 0 04
(oshops Xoo7 {oveK opsXopeXoosX X oo REREREEEEREREE)
SDO AR

These Devices can Perform Continuous FIFO Read Cycle (FS = 1) Controlled by SCLK, SCLK can Stop Between Each 16 SCLKs.

Figure 4. TLV1504/TLV1508 FIFO Read Cycle (FS = 1)
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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 (see power up and initialization
requirements).

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

S VA VA VAVAVAVA VAVAVAVAVAVAVAVAVAVAVAS 9_\f\f\/%kf\
s \

| | |
| \
KR K XXX XKLL
S D I :’:’:’:’:’:’:’:’:’:’; @ @ @ @ m @ m
PaSaP 0000099,
Il
I

XXX XK XK XK X XK I KX XK XX XK XXX X R
Os0t0t0tatetet0t0t0t00%0%0 atet0 20200 t0 02020 20 05000,
R R R R R RRRRRN]

‘ (( ( |
— ‘ 1) )] U
(( ( ‘
EOC ! " "’ |
| ( |
e e e 2 T e e e T T e e 0 2 T e e e % T e e e 00 0 e e e 2 T T e e 0 2 T e e 0 2 e e e Dt e e e % te e 2020 %0 e te 20 2 % e e e 20 %t te £§§§§§§§§§§§§§§§
SDO Cofofetetetotoletetetototetetetototetetetototetetetotote AtototetetetototetetetototetetetototetetetotototAntototetetatototedetetototetetetotole RRRRRRRRRRRRRRRK

RERREXRRRHXRRRRRRKS

A :
STVAVAN AVAVAVAN AVAVAVAVAVAVAVAVAVAVAVAVAVAVA

[ N/ N/ \/ \/ \/ \

( (
F S )] )) ‘
(9,900,999 9.9.9.90.9.9.90.9.9.9.90.90.9.9.0.9.908_90.9.90.90.9.9.90.90.0.0.
Degesesetetoseresy BRI
SDI  KIRKKXXXA 1D15 AR
KRR R R RRRRRRRRRARRRRRRRRRRER
‘ ‘ ( ( ‘
N ‘ ‘ )T )
! ( ( ‘
EOC ! ! ” ” !
B R R R R R IR BRI
QORI KEKLERIR R RIRIIIEIIKLIKKIE KRR RIKLII LKA AKIKKKIEKIAKIKS) RIRIIIKKKKKKK
SDO 00 %0200 % %0 %% %% 0% %0 %% 20 % A 0% 0 % %0 %% %6 % %626 % %6 %% %% %6 % %60 %06 % %0 %% Al 96%%6%%6%%%6% %6 %% %% % % %% 1196%%%% %% % %%

Figure 6. TLV1504/TLV1508 Write Cycle (FS = 1)
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conversion cycles

DSP/normal sampling

16 - Short Sampling 30 - Short Sampling

28 - Long Sampling 42 - Long Sampling

(If CONV
CLK = SCLKO

SLWAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA VAVAVAVAVAN

FS |

=W
N

|

|

|

00005070 0000000050 000209, 000005050 000000050 0 000005050 000000°0050°0¢ KRHI KKK HAX K>

X R IR AR IHIRRRHKIHKIRRHHIRIRRHIHIAERRHKH ALK HHRLRHHIERRHXHIRRKS

INT

"7 t(sample) (12 or 24 SCLKs) 4” ‘

"""'""""""""""’;’; ;’;""""""""""""’;" ";’;"""""""""""""’;’."’;’;"""""""‘ """;" }";’;’;’;’;’;’;’;’;’;’;’;’;’;’;\
'0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0:0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0:0’0:0’0’0’0’0’0’0’0’0’0‘0’0’0:0’0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:
RIRIRIIKIRKY

[ [

\ \

\ \

| | | )) )) ! ‘ (

T T T ¢ 1€s T T
EOC \ \ \ (SDOZ on SCLK16L Regardiess | J

\ \

of Sampling Time)

XX IR) XX IR IIIES
'IIIII’GHH’¢E=}¢H=3¢E=’¢E=}¢H=3 ‘E:I’é%%%%%%w%%%%%%%%%%&
RIS

Figure 7. Mode 00 Single Shot/Normal Sampling (FS Signal Used)

16 - Short Sampling 30 — Short Sampling

2 3 4 5 6 7

28 - Long Sampling 42 - Long Sampllng

(If CONV
CLK = scu<o

1
SCLK WWW\/ VA \y }[\\/ VAV \/\_

tc (30 or 42 SCLKs)

(( ( (( |

FS )T )T )T T
RIS I IKIIKIITS RRI XK IXIIIIIKILR  IIKIXILIIIR ERIIRKILT ) I XIEXIIIZR) vvvvvvvvv‘
3RRIKE R R R R R R RN,

SDI RXXRRRXXKY ’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’«’0’0’0’0’0’0’0’0’0’0’4’ RS
XXX XXX XXX V0. 0.0.0.0.0.0.0.0.0.0.0.000.1L00.0.00 00000000000 (00600000000 ANIL 00000000000 0.0.000 0.0.0.000.0.0.0.09,

} i
ﬁqT ‘ ‘ ‘ | )T
| le—— t(Samp|e) (12 or 24 SCLKs) —b{ \
‘ ‘ “ l)‘)
EOC ‘ ‘ (SDOZ on SCLK16L Regardless ‘\—59_/

| of Sampling Time) ~~| t(comy)
‘ vV,
{

[¢ I

2% QIRREKK
R R R R RIRRRAIRKK
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Figure 8. Mode 00 Single Shot/Normal Sampling (FS = 1, FS Signal not Used)
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conversion cycles (continued)

Device Get Out
Device Going Into Extended Sampling
Select/Read Extended Sampling Mode Select/Read Read Mode
- ping | f— —

Cycle —ﬂ Cycle
=V [ 7 S e S S A

\
‘ \ H t(sample )| \ ‘ \ | '\
l l Normal
CSTART } } 7\_)" | } / } | Cycle
\
s | | | T | n T
1 1 1
| | t(conv) | |
SDI t YRR R IRRIAIIIRD

‘ ‘ | |
—— ‘ | |
INT \ | \ v | \
‘ |1 \
EOC ‘ Previous‘ Conversion Previous donversion \ /
\ | Result ‘
\

/ Result
Hi-Z ‘ Hi-Z Hi-Z
| |

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)

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

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

cs _\F ﬂ ‘/I/-\\ I/_ B —\\ I/_\\ 14_ B _\ I/—% I/_“( I/—jf I/_yﬁ II_ B —\\ //_ -

R R R R RRRRRRRS
(RRREIKKAAKEK
RGRIIIRIRKIKIEES
Selelelelelelelelelelel

ERXIRRRRKRR)
PIRRRXRREIRRN
RN
RN

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

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

8§ Ccommand = Select ch2.

T Use any channel select command to trigger SDI input.

Figure 10. TLV1504/TLV1508 Mode 01 DSP Serial Interface (Conversions Triggered by FS)
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modes using the FIFO: modes 01, 10, 11 timing (continued)

Conversion #1 From Channel 2 Conversion #4 From Channel 2
Configure  Select / Select
— N |
cs w [ A /I_Sx /
FS
(DSP)

LR R RIS
Vpesetecetetetetotetetetetotetetetotetetotetete et tetes
RRRRRRRRRRRRRRRRRRRRRRRRRRRKKS

R R KRR
e e s e e e e tasatatatatotetotetotetotetotetotetetotetotete!
R R RERRIKKY

T \J

£, | 222 Hi-Z Hi-Z
XK RS
SDO KXXKKY XXX

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

Sample Times = MIN t(sample)
(See Operating Characteristics)
T command = Configure write for mode 01, FIFO threshold = 1/2
¥ command = Read FIFO, 1st FIFO read
§ Command = Select ch2.
T Minimum CS low time for select cycle is 6 SCLKs. The same amount of time is required between FS low to CSTART for proper channel decoding.
The low time of CSTART, not overlapped with CS low time, is the valid sampling time for the select cycle (see Figure 18).

Figure 11. TLV1504/TLV1508 Mode 01 up/DSP Serial Interface (Conversions Triggered by CSTART )

Conversion Conversion Conversion

Conversion From Channel 3
Configure /From Channel 0 / From Channel 3 /From Channel 0
M\
\

_8_3“ 71_—_!‘ I/_\\ I/-_\ I/_\\ il__\k Il‘* //_\& //_\k /n& I\ //_\\ //_\\ / //_
\
|
|
\

|
|
|
]
|
|
-

1
o
]

LRRRRRIRN
0.0.0.9.0.0.0.0
RS

[EIIRIRIRIN SYKKN SVERN SWRRKS
RIS KRR KRR
a%a0u0u 00029209, 99,09, S J $a9.%.Y,

\

| | |

| | | |

P | \

SDO TR ‘ ‘

Repeat Read FIFO  #1 #2 #3 #4 Repeat ~ Read FIFO  #1
Top of FIFO
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
§ Use any channel select command to trigger SDI input.

Figure 12. TLV1504/TLV1508 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
Conversion Conversion
From Channel 0 From Channel 3 From Channel 3
From Channel 0

Configure

iRy aggay oo

l(sample) ® 4= | | |
\ tsample) P € | |
t(sample) ¥ &

t(sample)

v

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

Read FIFO  #1

Repeat
Second FIFO Read

Repeat

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

Figure 13. TLV1504/TLV1508 Mode 10/11 DSP Serial Interface (Conversions Triggered by CSTART )

Conversion Conversion Conversion Conversion
From Channel 0 From Channel 3 From Channel 0 From Channel 3

- U A e ol

| . |
b | ol ] |
A | ol ] |
A | ] I |
b || B I |
B I | |
o L || L |
csART | | T T T T !
o EEREN | |

o - - s [ p—

D KRN/ & YRXK) LN RRIKY T T WKL

SDI KRR XX XX XY SR
J XXX =X %4929, 909 %%

\
o0 JD \ \ \ } \J

‘ || !
! ; ]
O-O-0—0)
Read FIFO  #1 #2| #3 | #4 | Read FIFO  #1

Repeat Top of FIFO Repeat
First FIFO Read Second FIFO Read

LRRR KR

KXY

T Command = Configure write for mode 10 or 11, FIFO threshold = 1/2, sweep seq = 0-1-2-3.
¥ command = Read FIFO
8 Use any channel select command to trigger SDI input.

Figure 14. TLV1504/TLV1508 Mode 10/11 up Serial Interface (Conversions Triggered by CS )

*9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 17




TLV1504, TLV1508
2.7-V TO 5.5-V, 10-BIT, 200-KSPS, 4-/8-CHANNEL, LOW-POWER
SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH AUTOPOWER-DOWN

SLAS251A - DECEMBER 1999 - REVISED JANUARY 2003

FIFO operation

Serial
»1SDO

10-BITx8
FIFO

\ 4

ADC 7 6 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. TLV1504/TLV1508 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 eight data sequentially taken from
channel 3. Another application may require data from channel O, 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.

In single shot mode, the FIFO automatically uses a 1/8 FIFO depth. Therefore the CFR bits (D1,0) controlling
FIFO depth are don't care.

SCLK and conversion speed

There are two ways to adjust the conversion speed.
® The SCLK can be used as the source of the conversion clock to get the highest throughput of the device.

The minimum onboard OSC is 3.6 MHz and 14 conversion clocks are required to complete a conversion.
(Corresponding 3.86 us conversion time) The devices can operate with an SCLK up to 20 MHz for the
supply voltage range specified. When a more accurate conversion time is desired, the SCLK can be used as
the source of the conversion clock. The clock divider provides speed options appropriate for an application
where a high speed SCLK is used for faster I/O. The total conversion time is 14 x (DIV/fgc k) where DIV is 1,
2, or 4. For example a 20 MHz SCLK with the divide by 4 option produces a {14 x (4/20 M)} = 2.8 us
conversion time. When an external serial clock (SCLK) is used as the source of the conversion clock, the
maximum equivalent conversion clock (fgc k/DIV) should not exceed 6 MHz.

® Autopower down can be used to slow down the device at a reduced power consumption level. This mode
is always used by the converter. 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 programmable level of 2 V or 4 V. If the internal reference is used,
REFP is setto 2 V or 4 V and REFM should be connected to the analog ground of the converter. 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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reference block equivalent circuit

INT REF

Close = Int Ref Used
Open = Ext Ref Used

REFP
* O oo * o0
Sample Convert
10 uF
| OlwF | Internal | -50pF
~T~ Decoupling —— Reference T
_ CDAC
Cap Compensation
Cap
REFM (See Note A)
L O L
External to the Device __E
‘— -

NOTES: A. Ifinternal reference is used, tie REFM to analog ground and install a 10-uF (or 4.7-uF) internal reference compensation capacitor

between REFP and REFM to store the charge as shown in the figure above.

B. If external reference is used, the 10-uF (internal reference compensation) capacitor is optional. REFM can be connected to external
REFM or AGND.

C. Internal reference voltage drift, due to temperature variations, is approximately £10 mV about the nominal 2 V (typically) from —=10°C
to 100°C . The nominal value also varies approximately £50 mV across devices.

D. Internal reference leakage during low ON time: Leakage resistance is on the order of 100 MQ or more. This means the time constant
is about 1000 s with 10-uF compensation capacitance. Since the REF voltage does not vary much, the reference comes up quickly
after resuming from autopower-down. At power up and power down the internal reference sees a glitch of about 500 uV when 2-V
internal reference is used (1 mV when 4-V internal reference is used). This glitch settles out after about 50 ps.

power down
The device has three power-down modes.

autopower-down mode
The device enters the autopower-down state at the end of a conversion.

In autopower-down, the power consumption reduces to about 1 mA when an internal reference is selected. The
built-in reference is still on to allow the device to resume quickly. The resumption is fast enough (within 0.5
SCLK) for use between cycles. An active CS, FS, or CSTART resumes the device from power-down state. The
power current is 1 A when an external reference is programmed and SCLK stops.

hardware/software power-down mode

Writing 8000h to the device puts the device into a software power down state, and the entire chip (including the
built-in reference) is powered down. 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 power down current is reduced to about 1 pA is the SCLK
is stopped.

An active CS, FS, or CSTART restores the device. There is no time delay when an external reference is selected.
However, if an internal reference is used, it takes about 20 ms to warm up. Deselect PWDN pin to remove the
device from the hardware power-down state. This requires about 20 ms to warm up if an internal reference is
also selected.

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 power-down modes.
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) T
Supply voltage range, GND O VEE oo -0.3Vt0 6.5V
Analog input voltage range . ... i -0.3VtoVcc+03V
Reference iNpUt VoItage . ... .. Ve + 0.3V
Digital input voltage range . ... oot -0.3VtoVec+03V
Operating virtual junction temperature range, Ty . ... o —55°C to 150°C
Operating free-air temperature range, Ta: TLV1504/481 . ...... ... ... ... ... ........... —40°C to 85°C
Storage temperature range, Tggg ..o 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.

DISSIPATION RATING TABLE

PACKAGE Tp <25°C DERATING FACTOR Ta = 70°C Ta =85°C TA =125°C
POWER RATING ~ ABOVE Tp=25°Ct  POWER RATING POWER RATING POWER RATING
D 1110 mW 8.9 mW/°C 710 mw 577 mw 222 mw
DW 1294 mW 10.4 mW/°C 828 mwW 673 MW 259 mw
16 PW 839 mw 6.7 mW/°C 537 mw 437 mw —
20 PW 977 mW 7.8 mW/°C 625 MW 508 mw —

¥ This is the inverse of the traditional junction-to-ambient thermal resistance (Rggja). Thermal resistance is not production tested and the values
given are for informational purposes only.

recommended operating conditions

MIN  NOM MAX | UNIT

Supply voltage, Vcc 27 33 55 \%
Analog input voltage (see Note 4) 0 Vce \%
High level control input voltage, V|4 2.1 \%
Low-level control input voltage, Vi 0.6 \%
Delay time, delay from CS falling edge to FS rising edge, tq(csL-FSH) (See Figure 16) 0.5 SCLKs
Delay time, delay time from 16th SCLK falling edge to CS rising edge (FS = 1), or 17th rising edge (FS
h f . 0.5 SCLKs
is active) tg(SCLK-CSH) (See Figures 16 and 19)
Setup time, FS rising edge before SCLK falling edge, tsy(FSH-SCLKL) (See Figure 16) 20 ns
Hold time, FS hold high after SCLK falling edge, th(FSH-SCLKL) (See Figure 16) 30 ns
Pulse duration, CS high time, tywH(cs) (See Figures 16 and 19) 100 ns
Pulse duration, FS high time, tyyH(FS) (See Figure 16) 0.75 1| SCLKs
. . Vcc=27Vto3.6V 75 10000
SCLK cycle time, t(scLK) (See Figures 16 and 19) ns
Vcc =45Vto5.5V 50 10000

Pulse duration, SCLK low time, tw) (SCLK) (See Figures 16 and 19) 0.4 0.6 | SCLKs
Pulse duration, SCLK high time, tyH(SCLK) (See Figures 16 and 19) 0.4 0.6 | SCLKs
Setup time, SDI valid before falling edge of SCLK (FS is active) or the rising edge of SCLK (FS=1),

: 25 ns
tsu(DI-SCLK (See Figures 16 and 19)
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) (See Figure 16)
Delay time, delay from CS falling edge to SDO valid, tg(csL-pov) (See Figures 16 and 19) 25 ns

NOTE 4: 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 1 V.
(VREFP - VREFM - 1); however, the electrical specifications are no longer applicable.
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2.7-V TO 5.5-V, 10-BIT, 200-KSPS, 4-/8-CHANNEL, LOW-POWER
SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH AUTOPOWER-DOWN

SLAS251A - DECEMBER 1999 - REVISED JANUARY 2003

recommended operating conditions (continued)

MIN NOM MAX | UNIT
Delay time, delay from FS falling edge to SDO valid, t4(esL-DoV) (See Figure 16) 25 ns
SDO =5 pF 0.5 SCLK 0'5+S§LK
Delay time, delay from SCLK falling edge (FS is Vec =45V 0.5 SCLK
active) or SCLK rising edge (FS=1) to SDO valid, SDO =25 pF 0.5 SCLK +10
td(SCLK-DOV)- (See Figures 16 and 19) For a date ns
code later than xxx, see the date code information SDO =5 pF 0.5 SCLK 0.5 SCLK
item (3). _ +18
Vec=27V 0.5 SCLK
SDO = 25 pF 0.5 SCLK ' +19
Delay time, delay from 17th SCLK rising edge (FS is active) or the 16th falling edge 45 ns
(FS=1) to EOC falling edge, tg(ScLK-EOCL) (See Figures 16 and 19)
Delay time, delay from 16th SCLK falling edge to INT falling edge (FS =1) or from the
17th rising edge SCLK to INT falling edge (when FS active), tg(SCLK-INTL) Min t(conv) us
(See Figures 16 and 19)
Delay time, delay from CS falling edge or FS rising edge to INT rising edge, 1 50 ns
td(CSL-INTH) or td(FSH-INTH) (See Figures 16, 17, 18, and 19)
Delay time, delay from CS rising edge to CSTART falling edge, td(CSH-CSTARTL) (See
. 100 ns
Figures 17 and 18)
Delay time, delay from CSTART rising edge to EOC falling edge, t4(CSTARTH-EOCL) 1 50 ns
(See Figures 17 and 18)
Pulse duration, CSTART low time, ty| (CSTART) (See Figures 17 and 18) Min t(sample) us
Delay time, delay from CSTART rising edge to CSTART falling edge, Max t us
td(CSTARTH-CSTARTL) (See Figure 18) (conv)
Delay time, delay from CSTART rising edge to INT falling edge, t4(CSTARTH-INTL) (See Max t S
Figures 17 and 18) (conv) H
Operating free-air temperature, Tp | TLV15041/TLV1508I -40 85 °C
3 15
[ EXAS
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electrical characteristics over recommended operating free-air temperature range, V
2.7V1t055V,VRepm =0V, SCLK frequency = 20 MHz at 5V, 15 MHz at 3 V (unless otherwise noted)

cC =VREFP =

PARAMETER TEST CONDITIONS MIN  TYPT  MAX | UNIT
Vce =55V, IoH = —0.2 mA at 25-pF load 2.4
VOH High-level output voltage \%
Vce =27V, IoH =-20 pA at 25-pF load Vce0.2
Vce =55V, IgL = 0.8 mA at 25-pF load 0.4
VoL Low-level output voltage \%
Vee =2.7V, oL = 20 pA at 25-pF load 0.1
Off-state output current _ —_
loz (high-impedance-state) Vo=Vce CS=Vee 1 25 WA
Off-state output current _ ~ _ _
loz (high-impedance-state) Vo=0 CS=Vee 25 L KA
1 High-level input current V| =Vcc 0.005 25 A
I Low-level input current V=0V -0.005 25 uA
— Vec=45V1t055V 1.1
CSat0V, Extref — mA
Operating supply current, normal Vcc=27V1to33V 1
short sampling — Vcc=45Vto55V 2.1
CSat0V, Intref mA
Vcc=27Vt033V 1.6
|
cc — Vec=45V1055V 11
CSat0V, Extref — mA
Operating supply current, extended Vcc=27Vto33V 1
sampling — Vcc=45Vto55V 2.1
CSat0V, Intref mA
Vcc=27Vt033V 16
Power down supply current Vee = 4.5V 10 5.5V, Ext clock 0.1 1
for all digital inputs,
lcc(Pp) 0<V|<03Vor Ve = 2.7V 10 3.3 V. Ext clock 0.1 1 WA
Vi2Vee - 03V, SCLK=0 CC=2.7V10 33V, Extcloc :
Auto power-down current for all Vcec =4.5Vto5.5V, Extclock, Ext ref 1*
| PwDN) digital inputs, 0<V|<0.3V or UA
CCAUTO Vi2Vce - 0.3V, SCLK=0 Vce =2.7Vto 3.3V, Extref, Ext clock 1.08
ected ch | leak Selected channel at Voo 1
Selected channel leakage current A
g Selected channel at 0 V 1 H
Maximum static analog reference
current into REFP (use external VReep =Vcc =5.5V, VREgEM = GND 1 UA
reference)
Analog inputs 45 50
Ci Input capacitance F
: putcap Control Inputs 5 x| P
Vcc =45V 500
Zi Input MUX ON resistance Q
! P Vec =27V 600

T All typical values are at Vcc =5V, Ta =25°C.
1.2 mA if internal reference is used, 165 pA if internal clock is used.
§0.8 mA if internal reference is used, 116 A if internal clock is used.
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electrical characteristics over recommended operating free-air temperature range, V

CC = VREFP =

2.7V1t055V,VRepm =0V, SCLK frequency = 20 MHz at 5V, 15 MHz at 3 V (unless otherwise noted)

(continued)

ac specifications T

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SINAD  Signal-to-noise ratio + distortion fi = 12 kHz at 200 KSPS | | suffix 59 60 dB
THD Total harmonic distortion f| = 12 kHz at 200 KSPS -82 -74 dB
ENOB  Effective number of bits f| = 12 kHz at 200 KSPS 9.6 Bits
SFDR Spurious free dynamic range f| = 12 kHz at 200 KSPS -83 =72 dB
Analog input
Full-power bandwidth, -3 dB 1 MHz
Full-power bandwidth, -1 dB 500 kHz

tBest AC performance can be measured with a 100-nF to 200-nF capacitor added between the analog input and analog ground. This circuit is
to be inserted between the driving opamp (OPA627) and the analog input AIN.

reference specifications +

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Positive reference input voltage, REFP Vcc=27Vto55V 2 Vce \%
Negative reference input voltage, REFM Vcc=27Vtob55V 0 2 \%
CS=1, SCLK=0, (off) 100 MQ
o Vee =55V CS=0, SCLK=20MHz(on) | 20 25 kQ
Reference input impedance CS=1 SCLK=0(off) 100 v
Vec=27V CS=0, SCLK=15MHz (on) 20 25 kQ
Reference Input voltage difference, REFP - REFM | Vcc =2.7Vt0 5.5V 2 Vce \
Vcc =55V VREF SELECT =4V 3.85 4 4.15 \Y
Internal reference voltage, REFP - REFM Vcc =55V VREF SELECT =2V 1.925 2 2075 \Y
Vcc =27V VREF SELECT =2V 1.925 2 2.075 \Y
Internal reference start-up time Vce =5.5V, 2.7 V with 10-uF compensation cap 20 ms
Internal reference temperature coefficient Vcc=27Vto55V 16 408 | PPM/°C
 Add 0.1-uF and 10-uF capacitors between the REFP and REFM pins
8 Not assured
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operating characteristics over recommended operating free-air temperature range, V

5.5V, VRepm = 0V, SCLK frequency = 20 MHz at 5 V, 15 MHz at 3 V (unless otherwise noted)

cc=VRerp=2.7V 10

PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT
EL Integral linearity error (INL) (see Note 6) +0.5| LSB
Ep Differential linearity error (DNL) See Note 5 +0.5 LSB
Eo Offset error (see Note 7) See Note 5 +1 LSB
Efs Full scale error (see Note 7) See Note 5 +1 LSB
_ 200h
SDI = BOOOh (512D)
Self-test output code (see Table 1 and Note 8) SDI = C000h 000h (0D)
_ 3FFh
SDI = DO00h (1023D)
Internal OSC 2.33 3.5 3.86
t Conversion time 14 x DIV S
(conv) External SCLK (f—) .
SCLK
A With a maximum of 1-kQ input
Y(sample) Sampling time source impedance 600 ns

iy typical values are at Tp = 25°C.

NOTES: 5.

6.
7.

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).

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

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.

Both the input data and the output codes are expressed in positive logic.
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PARAMETER MEASUREMENT INFORMATION
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PARAMETER MEASUREMENT INFORMATION

SELECT CYCLE

@_f____jr’

H—N— td(CSH-CSTARTL)
twL(CSTART)

\ VIH
‘ VL

\
|
|
| VIH
CSTART * |
| SR ViL
ﬂ— td(CSTARTH-INTL) —’? \
|
¢ |
} | t(conv) —"‘ ‘ }
{){) ‘ ; ‘ VOH
EOC | * )( \ |
\ | VoL
\
\ \
| td(CSLIINTH) —®

( “—
INT ’ \k }V— VOH

T CSTART falling edge may come before the rising edge of CS but no sooner than the fifth SCLK of the SELECT CYCLE.

Figure 17. Critical Timing (Extended Sampling, Single Shot)

SELECT CYCLE » o
_ )7 ) VIH

CS 7f -ﬁ ST;
—_ twL(CSTART) ViL

td(CSH-CSTARTL) ﬂ—q 1—"— td(CSTARTH-CSTARTL)
ViIH
CSTART

T\_ —_— _L ﬂj ViL

(
)

(
)

td(CSTARTH-EOCL) —14—»
td(CSTARTH-INTL) —j¢——W

\
() () {) {) VO H
VoL

T CSTART falling edge may come before the rising edge of C_ibut no sooner than the fifth SCLK of the SELECT CYCLE. In this case,
the actual sampling time is measured from the rising edge CS to the rising edge of CSTART.

\
|
\
\
| \
| 1
()() } i VOH
\1\_/ } td(CSL-INTH) M “4— VoL
\
\

Figure 18. Critical Timing (Extended Sampling, Repeat/Sweep/Repeat Sweep)
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PARAMETER MEASUREMENT INFORMATION
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TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY DIFFERENTIAL NONLINEARITY

VS 'S
TEMPERATURE TEMPERATURE
0.20 T T 0.250 T T
Vece =5V, Vce =%V,
Internal Reference =4V, Internal Reference =4V,
| Internal OSC, m Internal OSC,
0.19 ' @ '
@ Single Shot, 2l 0225 | Single Shot,
- Short Sample, | Short Sample,
; Mode 00 uP mode ;i_" Mode 00 uP mode
T 018 8
g £
£ 5
S / = 0.200
= <
o £
TC 8 0.175 \
= 0.16 é ' N
Ia) \/
0.15 0.150
-40 -15 10 35 60 85 -40 -15 10 35 60 85
Ta — Temperature - °C Ta — Temperature — °C
Figure 20 Figure 21
INTEGRAL NONLINEARITY DIFFERENTIAL NONLINEARITY
VS 'S
TEMPERATURE TEMPERATURE
0.250 T T 0.300 T T
Vcc =27V, Vcec =27V,
Internal Reference =2V, Internal Reference =2V,
Internal OSC, m Internal OSC,
80225 | Single Shot, 9 0275 | Single Shot,
- Short Sample, ; Short Sample,
; Mode 00 pP mode £ Mode 00 pP mode
£ 8
] c
(] \ =
c c
£0.200 S— ,/ S 0250
IS c
> o
(] (5]
N a
! 0.175 ;0225 >
=z -
= =
a
0.150 0.200
-40 -15 10 35 60 85 -40 -15 10 35 60 85
Ta — Temperature - °C Ta — Temperature — °C
Figure 22 Figure 23
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TYPICAL CHARACTERISTICS

OFFSET ERROR GAIN ERROR
TEMPERATURE TEMPERATURE
0.650 | | -0.100 T T
- Vec =5V,
Vec=5V, _ External Reference = 4V,
External Reference =4V, ExternalOSC = SCLK/4
External OSC = SCLK/4, Single Shot N '
0.625 Single Shot, - -0.125 9 ’ .
Short Sample,
Short Sample, Mode 00 uP mode
E{D) Mode 00 pP mode % H
- -
I I
S 0.600 5-0.150 \\\
E T — E \
0.575 \\ -0.175
0.550 \ -0.200
-40 -15 10 35 60 85 -40 -15 10 35 60 85
Ta — Temperature - °C Ta — Temperature — °C
Figure 24 Figure 25
SUPPLY CURRENT POWER-DOWN CURRENT
'S 'S
TEMPERATURE TEMPERATURE
14 04 | | | | | | I
External Reference = 4V, Internal Oscillator,
Single Shot, Short Sample, Mode 00 uP Mode
Long Sample 0.2
12 T < 7
< = 0
1S I
| -
= g -02
(] =
= 1 ~
3 Short Sample © P
> — g -0.4
2 g Vee =27V 7
3]
(%) B
S -06
Ve =5V, External Reference = 4V, Vee _Sj/é I
Internal Oscillator, Single Shot, 08 —
Short Sample, Mode 00 uP Mode
0.6 N I I O B 1
-40 25 85 -40 25 85
Ta — Temperature - °C Ta — Temperature - °C
Figure 26 Figure 27
3 1,
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 29



TLV1504, TLV1508

2.7-V TO 5.5-V, 10-BIT, 200-KSPS, 4-/8-CHANNEL, LOW-POWER
SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH AUTOPOWER-DOWN

SLAS251A - DECEMBER 1999 - REVISED JANUARY 2003

TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY
VS

SAMPLES
0.25 ‘
@ go0| Ve = 2.7V, Internal Reference = 2 V, SCLK = 12.5 MHz, Internal Conversion OSC, o
2 ’ Internal Conversion OSC, Single Shot, Short Sample,
i 0-15 |- Mode 00 DSP Mode |
2 0.10 | | Y |
S 0.05 |
% ~0.00 nn |
S-0.05 | R -
®-0.10 { | l {
8-0.15 i
S-0.20 o ,
=-0.25
=z
—-0.30
0 512
Samples
Figure 28
DIFFERENTIAL NONLINEARITY
'S
SAMPLES
0.3 -
Ve = 2.7V, Internal Reference = 2V, SCLK = 12.5 MHz, Internal Conversion OSC,

1024

Internal Conversion OSC, Single Shot, Short Sample, Mode 00 DSP Mode

Iy

bl
i

il bl

l l
i

ol
AL

i
|

bt AL

TS

DNL - Differential Nonlinearity — LSB

512

Samples

Figure 29

1024
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DNL - Differential Nonlinearity — LSB

ty - LSB

Nonlinear

INL - Integral

0.20
0.15
0.10
0.05
—-0.00
-0.05
-0.10
-0.15
-0.20

0.3

0.2 |——

0.1

-0.0

-0.1

-0.2

TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY
Vs
SAMPLES

T
Vce =5V, Internal Reference = 4 V, SCLK = 20 MHz, Internal Conversion OSC,

Single Shot, Short Sample, Mode 00 DSP Mode

512
Samples

Figure 30

DIFFERENTIAL NONLINEARITY

VS
SAMPLES

1024

T
Vce =5V, Internal Reference = 4 V, SCLK = 20 MHz, Internal Conversion OSC,
Single Shot, Short Sample, Mode 00 DSP Mode

AL ARG A, R
I 4 Il Il [l |

'l II‘IIwIJ‘\U \J\ Cl

\HII‘ i ‘HM\ il
U i

512
Samples

Figure 31
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TYPICAL CHARACTERISTICS

FAST FOURIER TRANSFORM

VS
FREQUENCY
20 T T T \
0 Vcc =5V,
External Reference =4V,

-20 SCLK =20 MHz, —
aQ -40 Internal OSC
| Single Shot, Long Sample
-“g’ -60 Mode 00 uP Mode —
(=)
IS
=

mwwmmmm

70 80 90 100

f — Frequency - kHz

Figure 32

SIGNAL-TO-NOISE
'S
INPUT FREQUENCY

=50 I I I
Vce =5V, External Reference =4V,
Internal OSC, Single Shot, Short Sample,
Mode 00 uP Mode
-55
Jan}
=]
|
3]
@
o
Z
2 -60
©
c
2
n
|
Z
5 65
-70
0 25 50 75 100
f - Frequency — kHz
Figure 33
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SINAD - Signal-to-Noise + Distortion — dB

THD - Total Harmonic Distortion — dB

=70

-80

_85 .

TYPICAL CHARACTERISTICS

SIGNAL-TO-NOISE + DISTORTION

VS
INPUT FREQUENCY

EFFECTIVE NUMBER OF BITS
Vs
INPUT FREQUENCY

10.0

T T T
Vce =5V, External Reference =4V,
Internal OSC, Single Shot, Short Sample,
Mode 00 uP Mode

9.5

9.0

Vcc =5V, External Reference = 4V,
Internal OSC, Single Shot,
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Figure 34
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Figure 36
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TLV1504, TLV1508
2.7-V TO 5.5-V, 10-BIT, 200-KSPS, 4-/8-CHANNEL, LOW-POWER
SERIAL ANALOG-TO-DIGITAL CONVERTERS WITH AUTOPOWER-DOWN

SLAS251A - DECEMBER 1999 - REVISED JANUARY 2003

PRINCIPLES OF OPERATION

Vee
10 kQ
— VDD
XF > Cs
TXD p| SDI
RXD |« SDO
A
CLKR 3 Plalll
CLKX »{ SCLK
TMS320 DSP — | TLV1504/
B0 |« e NT|  TLV1508
FSR |4
Fsx|—e »™ FS oo
L

Figure 38. Typical Interface to a TMS320 DSP

DATE CODE INFORMATION

Parts with a date code earlier than 31xxxxx have the following discrepancies:

1.
2.

Earlier devices react to FS input irrespective of the state of the CS signal.

The earlier silicon was designed with SDO prereleased half clock ahead. This means in the microcontroller
mode (FS=1) the SDO is changed on the rising edge of SCLK with a delay; and for DSP serial port (when
FS is active) the SDO is changed on the falling edge of SCLK with a delay. This helps the setup time for
processor input data, but may reduce the hold time for processor input data. It is recommended that a
100 pF capacitance be added to the SDO line of the ADC when interfacing with a slower processor that
requires longer input data hold time.

For earlier silicon, the delay time is specified as:

DESCRIPTION TEST CONDITIONS MIN TYP MAX UNIT
SDO=0pF 16
Delay time, delay from SCLK falling edge (FSisac- | YCC =45V Feos 700 pF| 20
:l(;/(es)c(:)izCDIE)li/;l'smg edge (FS=1) to next SDO valid, vee-27v SDO = 0 pF Y ns
' SDO = 100 pF 30

This is because the SDO is changed at the rising edge in the up mode with a delay. This is the hold time
required by the external digital host processor, therefore, a minimum value is specified. The newer silicon
has been revised with SDO changed at the falling edge in the up mode with a delay. Since at least 0.5 SCLK
exist as the hold time for the external host processor, the specified maximum value helps with the
calculation of the setup time requirement of the external digital host processor.

For an explanation of the DSP mode, reverse the rising/falling edges in item (2) above.
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C)  Top-Side Markings Samples
&) Drawing @ @) @)
TLV1504ID ACTIVE SoIC D 16 40 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -40to 85  TLV1504I m
& no Sh/Br)
TLV1504IDG4 ACTIVE SoIC D 16 40 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85  TLV1504| m
& no Sh/Br)
TLV15041PW ACTIVE TSSOP PW 16 90 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85 TY1504 m
& no Sh/Br)
TLV1504IPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85 TY1504 m
& no Sh/Br)
TLV1504IPWR ACTIVE TSSOP PW 16 2000 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85 TY1504 m
& no Sh/Br)
TLV1504IPWRG4 ACTIVE TSSOP PW 16 2000 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM -40t0 85 TY1504 m
& no Sh/Br)
TLV1508IDW ACTIVE SoIC DwW 20 25 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM -40to 85  TLV1508I
& no Sb/Br) = =
TLV1508IDWG4 ACTIVE SoIC DwW 20 25 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -40to 85  TLV1508I
& no Sb/Br) = =
TLV1508IPW ACTIVE TSSOP PW 20 70 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -40to 85 TY1508
& no Sb/Br) = =
TLV1508IPWG4 ACTIVE TSSOP PW 20 70 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -40to 85 TY1508
& no Sh/Br) = =
TLV1508IPWR ACTIVE TSSOP PW 20 2000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -40t0o 85 TY1508
& no Sh/Br) = =
TLV1508IPWRG4 ACTIVE TSSOP PW 20 2000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -40t0 85 TY1508
& 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.
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http://www.ti.com/product/TLV1504?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1504?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1504?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1504?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1504?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1504?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1508?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1508?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1508?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1508?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1508?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLV1508?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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PACKAGE OPTION ADDENDUM

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
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)
TLV1504IPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLV1508IPWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 26-Jan-2013
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV1504IPWR TSSOP PW 16 2000 367.0 367.0 35.0
TLV1508IPWR TSSOP PW 20 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)

TAAARRAARR

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

PLASTIC SMALL OUTLINE

DW (R—PDS0O—G20)
Example Board Layout Stencil Openings
(Nate C) (Note D)
— =—20x0,55 =—=18x1,27

20x0,6— |——

il

0,07

.

N\ ;
o a
‘ Al Around .~

Non Solder Mask Define Pad

\\. Solder Mask Opening

(Note E)

Pad Geometry
(Note C)

A
U

ininini

ZOXL%57~

151

4209202-4/F 07/11

NOTES:

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

A.

B.

C. Refer to IPC7351 for alternate board design.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
Refer to IPC-7525

Customers should

contact their board assembly site for stencil design recommendations.

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

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
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 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
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LAND PATTERN DATA

D (R—PDSO—G16)

PLASTIC SMALL OUTLINE

—

et s Sz
—— ~—16x0,55
——I |<—14x1,27 ‘ ——I |<—14x1,27
AEEEENNENEENENE 16x1.50 L[]
HEERERERRRN * Uuuuogt
5,40 5.40
N
/I_II_I‘\I_II_II_II_II_II_I l L H A &
\|_||_|/"|_||_||_||_||_||_| ooty
N
[_/
|
|
,’ Example
i Non Soldermask Defined Pad Example
! Pad Geometry
i /// (See Note C)
y—
|
1,55 \ Example
UL T s g
——ll~—0,07 /
All Around /
\ /
N e
S 7
4211283-4/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations

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

Customers should
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MECHANICAL DATA

PW (R-PDS0O—-G16) PLASTIC SMALL OUTLINE

N
16 9

LT —
|

4,50 6,60
4,50 6,20

[ \ [\
i Seating P\Gne¢ g_\\)

[~ ]o,10

5

L 1,20 MAX

=]
ol

<o
O

4040064—-4/G  02/1

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—-G16) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings

e I
fHARAARR- w;«ﬁ%ﬂﬂﬂﬁ
(HBAARAs- BRRIHIRE

Example

‘.
‘.
‘.
'\ Non Soldermask Defined Pad

Example
Pad Geometry
* - (See Note C)
/ -

(See Note E)

.'/ * \ Example
! 1,60 / Solder Mask Opening
. |

\ —=ll<—0,07 /

)
\

\ All Around //

______

4211284-3/F 12/12
NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. 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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MECHANICAL DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

/ N
A
| P o pJ L
J | Bes

0,15 NOM

g _
6,60 > 0,75
6,40 050

[ | [\ \
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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LAND PATTERN DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

Example Board Layout

|<—18XO,65

nonnalI

5,6
<2
l/' h__//’
/
/ Example
/ Non Soldermask Defined Pad
[T TN Example
;s '\ .
i | g
,/ —>_<— 0’3 3
/ ! \
! ! _\‘
\\\ 1 ’6 | /l Pad Geometry

\‘\\ O 07 /'I
N AII Around /

______

Based on a stencil thickness
of .127mm (.005inch).

20x0,25 —=| |=—

JUNDUUDDL

1,95

5,6

(A RO

18x0.65—— |=—

4211284-5/F 12/12

NOTES: All linear dimensions are in millimeters.

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.

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

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

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

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

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

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

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

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

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

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

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

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

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

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

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

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

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

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

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

www.ti.com/medical

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

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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@Iasﬂ U

KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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