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3.0-V TO 5.5-V, 12-BIT, 200-KSPS, 4-/8-CHANNEL, LOW-POWER SERIAL
ANALOG-TO-DIGITAL CONVERTER WITH AUTOPOWER-DOWN

Check for Samples: TLV2548-EP

FEATURES SUPPORTS DEFENSE, AEROSPACE,
« Maximum Throughput 200-KSPS AND MEDICAL APPLICATIONS
+ Built-In Reference, Conversion Clock and * Controlled Baseline
8x FIFO * One Assembly/Test Site
« Differential/lntegral Nonlinearity Error: +1.2 * One Fabrication Site
LSB * Available in Military (-55°C/125°C)

. . . . . @
» Signal-to-Noise and Distortion Ratio: 70 dB, Temperature Range.
f. = 12 kHz » Extended Product Life Cycle

. Spurious Free Dynamic Range: 75 dB, » Extended Product-Change Notification

f, = 12 kHz * Product Traceability

* SPI (CPOL =0, CPHA = 0)/DSP-Compatible PW PACKAGE
Serial Interfaces With SCLK up to 20 MHz (TOP VIEW)

e Single Wide Range Supply 3.0 Vdc to 5.5 Vdc spo |1 U 20| Cs

e Analog Input Range 0 V to Supply Voltage SDI |2 19| REFP
With 500-kHz BW SCLK | 3 18] REFM

e Hardware Controlled and Programmable EOC/(INT) | 4 17| FS
Sampling Period Vee |5 16| PWDN

« Low Operating Current (1.0 mA at 3.3V, A0 |6 15| GND
2.0 mA at 5.5 V With External Ref, 1.7-mA at A1 |7 14| CSTART
3.3V, 2.4-mA at 5.5-V With Internal Ref) A2 |8 13| A7

« Power Down: Software/Hardware A3l e 121 A6
Power-Down Mode (1 pA Max, Ext Ref), A4fJ10 1| A5
Autopower-Down Mode (1 pA, Ext Ref)

e Programmable Auto-Channel Sweep (1) Custom temperature ranges available

DESCRIPTION

The TLV2548 is a high performance, 12-bit low-power, 3.86-us, CMOS analog-to-digital converter (ADC) which
operates from a single 3.0-V to 5.5-V power supply. This device has 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 TI 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, this device has 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 TLV2548 is 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 ys 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.

The TLV2548 is characterized for operation from —-55°C to 125°C.

2 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. righ 2 Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2008, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM
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Table 1. ORDERING INFORMATION®
%) ORDERABLE PART TOP-SIDE MARKING
Ta PACKAGE NUMBER
-55°C to 125°C TSSOP-PW ‘ Tape and Reel of 2000 TLV2548MPWREP TV2548EP

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
Web site at www.ti.com.
(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.
Table 2. TERMINAL FUNCTIONS
TERMINAL
lfe} DESCRIPTION
NAME NO.
A0 6
Al 7 Analog signal inputs. The analog inputs are applied to these terminals and are internally
A2 8 multiplexed. The driving source impedance should be less than or equal to 1 kQ.
A3 9
A4 10 ! For a source impedance greater than 1 kQ, use the asynchronous conversion start signal
A5 11 CSTART (CSTART low time controls the sampling period) or program long sampling period
A6 12 to increase the sampling time.
A7 13
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
Cs 20 | 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.
2 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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Table 2. TERMINAL FUNCTIONS (continued)
TERMINAL
lfe} DESCRIPTION
NAME NO.
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
CSTART 14 | 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.
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
EOC/(INT) 4 o |00only.

[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 FS clears INT.

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

FS 17 | 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 Vc if not used. See the Data Code Information section, item 1.

Ground return for the internal circuitry. Unless otherwise noted, all voltage measurements

GND 15 ! are with respect to GND.
Both analog and reference circuits are powered down when this pin is at logic zero. The
PWDN 16 | device can be restarted by active CS, FS or CSTART after this pin is pulled back to logic

one.

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
SCLK 3 | 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.

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. 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
sDI 2 | 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.

SDl 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.

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 CS), 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.

SDO 1 (@) When FS is used (FS = 0 at the falling edge of CS), 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 Data Code Information section, item 2.

External reference input or internal reference decoupling. Tie this pin to analog ground if

REFM 18 I internal reference is used.

Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 3
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Table 2. TERMINAL FUNCTIONS (continued)

TERMINAL
/0 DESCRIPTION

NAME NO.
External reference input or internal reference decoupling (shunt capacitors of 10 yF and

REEP 19 | 0.1 yF 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.

VCC 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 TLV2548 uses a 12-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.

Charge
Redistribution
DAC

Control

. ——» ADC Code
Logic

REFM

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/FIFO READ

MSB LSB
D15-D12 D11-DO
Don't care Register content or FIFO content OD[11:0]
4 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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OUTPUT DATA FORMAT CONVERSION
MSB LSB
D15-D4 D3-DO0
Conversion result ,
OD[11:0] Don't care

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

Binary
Zero scale code = 000h, Vcode = VREFM.
Full scale code = FFFh, Vcode = VREFP - 1 LSB

Control and Timing

Power Up and Initialization Requirements
» Determine processor type by writing AOOOh to the TLV2548 (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 TLV2548 has a 4-bit command set (see Table 3) 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 3.

Table 3. TLV2548 Command Set®

SDI D(15-12) BINARY COMMAND

0000b Oh Select analog input channel 0

0001b 1h Select analog input channel 1

0010b 2h Select analog input channel 2

0011b 3h Select analog input channel 3

0100b 4h Select analog input channel 4

0101b 5h Select analog input channel 5

0110b 6h Select analog input channel 6

0111b 7h Select analog input channel 7

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

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

Write CFR followed by 12-bit data, e.g., 0A100h means external reference,

10100 Ah plus data short sampling, SCLK/4, single shot, INT

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

(1) 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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Configuration

Configuration data is stored in one 12-bit configuration register (CFR) (see Table 4 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 eight bits are entered, then the next eight bits can be taken after the SCLK is resumed.

Table 4. TLV2548 Configuration Register (CFR) Bit Definitions

BIT DEFINITION

Reference select
D11 0: External
1: Internal (Tie REFM to analog ground if the internal reference is selected.)

Internal reference voltage select
D10 0: Internal ref =4 V
1:internal ref=2V

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

Conversion clock source select

00: Conversion clock = internal OSC
D(8,7) 01: Conversion clock = SCLK

10: Conversion clock = SCLK/4

11: Conversion clock = SCLK/2

Conversion mode select

00: Single shot mode [FIFO not used, D(1,0) has no effect.]
D(6,5) 01: Repeat mode

10: Sweep mode

11: Repeat sweep mode

Sweep auto sequence select
00: 0-1-2-3-4-5-6-7
D(4,3)® 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

EOC/INT - pin function select
D2 0: Pin used as INT
1: Pin used as EOC

FIFO trigger level (sweep sequence length)

00: Full (INT generated after FIFO level 7 filled)
D(1,0) 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)

(1) These bits only take effect in conversion modes 10 and 11.
Sampling

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

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 in order 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 s 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 tsavpLe). In @ select cycle used in mode 01 (REPEAT MODE), CSTART can be started as soon
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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 non-overlapped 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 1/O clock on the serial port but not enough sampling time is available due to the fixed
number of SCLKs. 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 5. 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) starts the sampling

CcS=1 of the analog input signal. The low time of
CSTART (see Figure 11 and CSTART dictates the sampling period. The
Figure 19) 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 the internal clock OSC is selected, a
cs CSTART =1 SCLK is required. Sampling period is maximum conversion time of 3.86 us can be
FS=1 programmable under normal sampling. When | achieved. ) )
programmed to sample under short sampling, 2_) If external SCLK is selected, conversion
12 SCLKs are generated to complete time is teony = 14 X DIV/fscLk), Where DIV can
sampling period. 24 SCLKs are generated be 1,2, or 4.
when programmed for long sampling. A
command set to configure the device requires
- 4 SCLKs thereby extending to 16 or 28
ES CSTART =1 SCLKs respectively before conversion takes

Cs=0 place. (Note: Because the ADC only bypasses
a valid channel select command, the user can
use select channel 0, 0000b, as the SDI input
when either CS or FS is used as trigger for
conversion. The ADC responds to commands
such as SW powerdown, 1000b.)

TLV2548 Conversion Modes

The TLV2548 has 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).
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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
re-selecting 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 4-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 us) 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.
Table 6. TLV2548 Conversion Mode® @ @

CONVERSION CFR SAMPLING
MODE D(6,5) TYPE

OPERATION

« Single conversion from a selected channel
« CSor FS to start select/sampling/conversion/read
Normal « One INT or EOC generated after each conversion

+  Host must serve INT by selecting channel, and converting and reading the
previous output.

One shot 00 +  Single conversion from a selected channel

« CSto select/read
Extended ¢ 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.

(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 ps 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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Table 6. TLV2548 Conversion Mode @ @ @ (continued)
conezson | e | sayee

* Repeated conversions from a selected channel
« CSorFS 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
Repeat 01 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.

Normal

Extended * Same as normal sampling except CSTART starts each sampling and
conversion when CS is high.

* One conversion per channel from a sequence of channels
« CSor FS to start sampling/conversion
Normal «  One INT generated after FIFO is filled up to the threshold

Sweep 10 «  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 CS is high.

* Repeated conversions from a sequence of channels
« CSorFS 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
Repeat sweep 11 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.

Normal

Extended * Same as normal sampling except CSTART starts each sampling and
conversion when CS is high.

Timing Diagrams

The timing diagrams can be categorized into two major groups: non-conversion and conversion. The
non-conversion 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).

X K KKK IK KKK KKK K I RS KKK KKK
OO OO e OSSR
s

NOLOIIIIILOIIIII LIS LIS IIILINIIIIIIIIIIIIII IS OIS NI GO INIII IS NI IIINI

Figure 2. TLV2548 Read CFR Cycle (FS active)
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/_\/_\1234567 1213141516/’\/’\/‘\/5\/'\/'\1
S YAVAN aVaVAVaV s VaVaVAVAVAVAVAVAVAVAVAVAVAVAYAVAN
cs \

FS
SDI

|
INT |
}
EOC \
BRI ‘
|

Figure 3. TLV2548 Read CFR Cycle (FS = 1)

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 12 13 14 15 16
e AAAAAAAAANAAAAAAANAANS
‘ ‘ JAVAVAVAVAVAY
. | | |
cs \ | N / \_____
| |
\ \

9 O O o ot et a ot otesetatatotosesssetoss ootesstatototorsts)
S0 O e e 0000 s oo asosatotatetosotosatetosstese!
YetotetetotetetotelVotetetotetetotetotototetototetotetetotettotetetototetotetetotetetetetetetotetotetetotetototetetototetotetetotetetotetotetotetotetetete

INT

%S
T s
Sasotesatotetatoretet Satosetetotetatotetatotetatoretatotetatorosatotetatoset
SDI @ O RIRAIIRIRIIIKRIIK
T

2

EOC

These devices can perform continuous FIFO read cycles (FS = 1) controlled by SCLK; SCLK can stop between each 16 SCLKs.

Figure 4. TLV2548 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).

2>

SDI

0'0'0'0'0'0'0'0'0‘0'0'0'0'0'0'0'0'0"70'0'0'0'0'0'0'0'0'0'0'0'0‘0'0‘\
)
000000900 0.0 0.0 0,0 0 0.0 0. 0.0 000

RS KKKLKKKL

QHRIKIRLRRISY
(rfsbeiobeieieieleielolsiolednled®)

| ‘ e I\ ‘
‘ ‘ ) T \
‘ | ~ N |
EOC \ ! 7 3 |
| e
R IRTIIRTIITN 2 TITILS,
AN % N 2R
SIS S QSIS
SS9 0 0.0 009009090, 200 00 0.0 00900999090, ISR IR I KK KKK 000000000 %0 %0 %0 0 0 0 0 000 0 Ve % Ve ¥
SDO X R A e R VA R KK V SRR

Figure 5. TLV2548 Write Cycle (FS Active)

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

1
AN a) A AN N A NN
SCLK / N/ \N/ \/ \/ \/ \N\_

ORI TIIITE?
RIS
NSRRI,
QLR

5
AR AEE IR LI RRELIRRIRX
R RIIRRRIRLREIIRKIKN
SRR IRRRIIEIIRKKES]
AVtaV AV YOIV IS NI NSNS |

|
%

>
f R N R IR TIIIILIZIIIN JRTTLILIL IR LI LILIL IR LS,
B R IR
B R R SRR IIRRIIIIRIRINS 20X
SDO ey o000 0000000030 000

Figure 6. TLV2548 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

% N
X ORI IR R IR R R RIIKFIRIRITRR KRR XX RRRRRRRRARXXRRRRRRRRRRRRRRRRRIYIRRRR TR KRR
000000000000000000&00000000000000000000000000000000000000000@0000 XXX
SDI 1015 ) O
QRS 02000000 %0 0002000 % e 0o e 20000 s FeRe e tute% % e o e tete % e e e e %% | FoteTetetetete e e e etete e e e e etete? ateteteteetet!
| | | |
‘
\ \ [ Ysample) (120r 24 SCLKs) ——————¥) \
L ) ) )) N
! \ \ “ “ \ |/
EOC | | ‘ (SDOZ on SCLK16L Regardless |
of Sampling Time
| e ooy —— ¥
OSSOSO L TOTOTOTOTITOTITOTOTOTOTOS,
X HRRRELLRHIRHK N | N I_
X ERSEIRELIREK
XX K KRRX KKK RRHRX KK RRK XX MSB
SO ] N oY | W
16_Short Sampling 30 Short Sampling (If CONV
28 Long Sampling 42 Long Sampling CLK = SCLKO
1 2 3 4 5 6 7 12 13 1
sclk NN AVAVAY A AN
| ‘ LN/ N\ NANL N/ N/ N
77 I
< ‘ te (30 or 42 SCLKs) ‘ ﬁ_ }
cs | | L N ‘
\ | 3 B | b | %
FS I I N | N ‘
l ‘ 3% B i ) i 3% i
N » ‘
------- TR T T I IR NRRIIITIIZIXIRZIITI TR NIRTTR [TTTRZIRZIIATIITLLIITLITLZTINIITTZLTITLITITL
X SRR KRR RK K IKKIELK KR X X XK IR KX XXX R KKK KKK RKXL XX XX XA 0% o%
SDI % B B RRS S e
AAAAA K L0000 %00 % 0000200050 te %0 Te% Y% 202 % 620 % %20 te %% 6% e te % Yoo e %e e e % aOIOLO IO SILOIIII NI I (I IIIIIINIY%
| ¢ \
‘ )) )] ‘ )) ‘
\ [&——— t(sample) (12 or 24 SCLKs) ————»] \ \
| | )) )) | ‘ N !
T T U 148 \ / )7 [
EOC | ‘ (SDOZ on SCLK16L Regardless ‘ S S— |
| | of Sampling Time) ‘ |
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9207070708’

2S0gee?
’o!o’o‘o‘o’o’o’o‘o‘o’«fo’o’o’oo‘o’ L

Figure 8. Mode 00 Single Shot/Normal Sampling (FS = 1, FS Signhal Not Used)
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Device Get Out
Device Going Into Extended Sampling
Select/Read Extended Sampling Mode Select/Read Read Mode
—» 4

- Cycle 4‘ ‘ Cycle | Cycle ‘ /
s\ 7 U a— X
| H Y(sample) \ ‘ | \N |
; ; ; ; ; ormal
CSTART { { \ )‘ { { \_/ { { \ Cycle

| | ]
sn . n g n

AR CRIKL
CXXXRRXK X0

SDI RS R QRIRLLIRIKK AR
1 — B | | |
JE— T T H T T
W | = | O\ |
| | | | \ |
EoC \ Previous Conversion Previous Conversion \ / |
| ¥ Result N Result ‘ ‘
spo Hi-Z H-z = |\  Hiiz [\ [T

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 _\K f_\K 4_\\ II_ B _\\ II_\\ 14_ - \K II_% II_* II_ Il_iﬂ ll_ B _\\ ll_ -
|

Read FIFO  #1 #2 #3 #4
Top of FIFO
Tt Command = Configure write for mode 01, FIFO threshold = 1/2
¥ Command = Read FIFO, first FIFO read
§ command = Select ch2.
Tuse any channel select command to trigger SDI input.

Figure 10. TLV2548 Mode 01 DSP Serial Interface (Conversions Triggered by FS)
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Conversion #1 From Channel 2 Conversion #4 From Channel 2
Configure Select / Select

SEIIIITIT,
IIRTRIILS,
0RRE
IS

5535 Hi-Z

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

Sample Times 2 MIN t(sample)
(See Operating Characteristics)
T Command = Configure write for mode 01, FIFO threshold = 1/2
¥ Command = Read FIFO, first 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 19).

Figure 11. TLV2548 Mode 01 pp/DSP Serial Interface (Conversions Triggered by CSTART)

Conversion Conversion Conversion

Conversion From Channel 3
Configure /From Channel 0 / From Channel 3 /From Channel 0

_!?& NN NN Y Y YN Y TV [
\
\
\
\
|
\
\
\
T
\

1
|
\
\
\
|
|
\
\
T
|

ERTETETTITD %% FEXTN
RRIIIAIRKNN JERRLEN
Sesetotesesetetetetetese! KRIIKKY
0% e % 0080 | ] J J K J ’ %0050 %%"
atate O Par I Iaratars) Fa%%e® 002002 $a%%4% X %%t 9% %% 069499 09059, r%e%%e 06909 $ate% Wate%ete?

M?FE?M

—

—

—
Ot
= T

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. TLV2548 Mode 10/11 DSP Serial Interface (Conversions Triggered by FS)
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Conversion i .
From (‘;har:nel 0 Frocr:r(‘;’:;:lr‘\); 3 Conversion conversion
From Channel 0 From Channel 3
Configure

\
Fs | \ 1] I \

(DSP) 1 \ {
L l l \ f k \
CSTART ‘ I W
Ysample) ® & | | | ‘

‘ t(sample) P € || \
\ Ysample) & & |
} t(sample)
\

5———

R R R TR TR RXIRIER
e s S eSS 03508

R R R RS RIINKKS
SIISILIIIISILISISILIISISIIISSIIISSIIIIIS SIS,

R R T ETTN
&ﬁﬂﬁﬁﬁﬂﬁﬁﬁh%#v%&%f?@g%

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

Read FIFO  #1

R t
epea 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. TLV2548 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

CSTART

Read FIFO #1 | #2, #3| #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
§Use any channel select command to trigger SDI input.

Figure 14. TLV2548 Mode 10/11 up Serial Interface (Conversions Triggered by CS)
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FIFO Operation

Serial
»1SDO

12-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. TLV2548 FIFO

The device has an eight-layer FIFO that can be programmed for different thresholds. An interrupt is sent to the
host after the pre-programmed threshold is reached. The FIFO can be used to store data from either a fixed
channel or a series of channels based on a pre-programmed 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 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.

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-ps 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 (fsc «/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 set to 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

INTERNAL
REF

Close = Int Ref Used
Open = Ext Ref Used

REFP
* C oo * oo
Sample Convert
10-uF
| 01-F | Internal | s0pF
—~ Decoupling —— Reference T~ cpac
Cap Compensation
Cap
REFM (See Note 1)
® ®
External to the Device £
47 -

A. If internal reference is used, tie REFM to analog ground and install a 10-uyF (or 4.7-yF) 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 auto power down. At power up and power down the internal
reference sees a glitch of about 500 pV when 2-V internal reference is used (1 mV when 4-V internal reference is
used). This glitch settles out after about 50 ps.

Figure 16. Reference Block Equivalent Circuit

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 yA 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 as the SCLK is
stopped.
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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.

ABSOLUTE MAXIMUM RATINGS

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

VALUE UNIT
Supply voltage range, GND to V¢ -0.3t06.5 \%
Analog input voltage range -0.3t0 Ve + 0.3 \%
Reference input voltage Vce + 0.3 \%
Digital input voltage range -0.3t0 Ve + 0.3 \%
T, Operating virtual junction temperature range -55 to 150 °C
Ta Operating free-air temperature range -55to 125 °C
Tstg Storage temperature range —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C

(1) Stresses beyond those listed under the 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 the recommended
operating conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATINGS

Ta <25°C DERATING FACTOR Ta =125°C
PACKAGE POWER RATING ABOVE Tp = 25°C W POWER RATING
20 PW 977 mW 7.8 mw/°C 195 mW

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

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Ve Supply voltage 3 3.3 5.5 \%
Analog input voltage @ 0 Vee Y
Vi High level control input voltage 2.1 \%
Vi Low-level control input voltage 0.6 \%
Delay time, delay from CS falling edge to FS rising edge
td(csL-FsH) (see Figure 17). 05 SCLKs
Delay time, delay from 16th SCLK falling edge to CS
ta(scLK—CsH) rising edge (FS = 1), or 17th rising edge (FS is active) 0.5 SCLKs
(see Figure 17 and Figure 20).
t Setup time, FS rising edge before SCLK falling edge 20 ns
Su(FSH-SCLKL (see Figure 17).
t Hold time, FS hold high after SCLK falling edge 30 ns
h(FSH-SCLKL) (see Figure 17).
twH(cs) Pulse width, CS high time (see Figure 17 and Figure 20). 100 ns
twH(ES) Pulse width, FS high time (see Figure 17). 0.75 1 SCLKs
SCLK cycle time Vec=3.0Vt03.6V 67 10000
t see Figure 17 and ns
o(se ,(:igure %O). Vee =45 V10 55V 50 10000

(1) When binary output format is used, analog input voltages greater than that applied to REFP convert as all ones (111111111111), while

input voltages less than that applied to REFM convert as all zeros (000000000000). 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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RECOMMENDED OPERATING CONDITIONS (continued)
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

Pulse width, SCLK low Vec =45V 22

twL(scLk) time (see Figure 17 and ns
Figure 20) Vec =30V 27
Pulse width, SCLK high Vec =45V 22

twH(sCLK) time (see Figure 17 and ns
Figure 20) Vec =30V 27
Setup time, SDI valid before falling edge of SCLK (FS is

tsu(pl-scLk active) or the rising edge of SCLK (FS=1) 25 ns

(see and Figure 20).
Hold time, SDI hold valid after falling edge of SCLK (FS

th(Dl-scLK) is active) or the rising edge of SCLK (FS=1) 5 ns
(see Figure 17).

Delay time, delay from CS falling edge to SDO valid o5

tacsL-pov) (see Figure 17 and Figure 20). ns

t Delay time, delay from FS falling edge to SDO valid
d(FSL-DOV) (see Figure 17).

Delay time, delay from v 55V SDO =0 pF 0.5SCLK +5

SCLK falling edge (FS is cc =2 _

active) or SCLK rising SDO = 60 pF 0.5 SCLK + 24

edge (FS=1) to SDO valid SDO =5 pF 0.5SCLK + 12

(see Figure 17 and
ta(scLk-Dov) Figure 20).

For a date code later than | Vcc =3.0V

XXX, see the Data Code SDO =25 pF 0.5 SCLK + 33

Information section, item

3.

Delay time, delay from 17th SCLK rising edge (FS is

active) or the 16th falling edge (FS=1) to EOC fallin
ta(scLk-eocL) edge) g edge ( ) 9 45 ns

(see Figure 17 and Figure 20).
Delay time, delay from 16th SCLK falling edge to INT

td(SCLK-INTL) falling edge (FS =1) or from the 17th rising edge SCLK Min t(cony) us
to INT falling edge (when FS active) (see Figure 20).

25 ns

ns

t4(CSL-INTH) Delay time, delay from CS falling edge or FS rising edge
or to INT rising edge (see Figure 17, Figure 18, Figure 19 50 ns
td(FSH—INTH) and Figure 20)

Delay time, delay from CS rising edge to CSTART falling

td(CsH-CSTARTL) edge (see Figure 18 and Figure 19). 100 ns
t Delay time, delay from CSTART rising edge to EOC 50 ns

d(CSTARTH-EOCL)  fa]ling edge (see Figure 18 and Figure 19).

Pulse width, CSTART low time (see Figure 18 and .

twiL(CSTART) Figure 19). Min tsample) s
t Delay time, delay from CSTART rising edge to CSTART Max t

d(CSTARTH-CSTARTL) falling edge (see Figure 19). aX T(conv) HS
; Delay time, delay from CSTART rising edge to INT Max t s

d(CSTARTH-INTL) falling edge (see Figure 18 and Figure 19). (conv) H
Ta Operating free—air temperature -55 125 °C
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ELECTRICAL CHARACTERISTICS

over operating free-air temperature range, Vec = Vgeep = 3 V10 5.5 V, Vgegem = 0V, SCLK frequency = 20 MHz at 5 V,
15 MHz at 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP® MAX | UNIT
) Vce =5.5V, loy =-0.2 mA at 30 pF load 2.4
Vou High—level output voltage \%
Vee =3.0V, loy =20 pA at 30 pF load Vce-0.2
Vce =5.5V, Ig. = 0.8 mA at 30 pF load 0.4
VoL Low-level output voltage \%
Vce =3.0V, g = 20 A at 30 pF load 0.1
Off-state output current Vo = Vce CS=Vcc 2.5
loz b . — HA
(high—impedance-—state) Vo=0 CS = Ve 25
IH High—level input current V| =Vce 0.005 2.5 WA
I Low-level input current V=0V —-0.005 2.5 WA
— Vec=45Vto55V 2
CSat0V, Extref
Operating supply current, Vec=3.0V1t033V 1
normal short sampling - Vec =45V 1055V 2.4
CSat0V, Int ref
Vec=3.0Vto33V 1.7
ICC mA
— Vec=45Vt055V 1.1
CSat0V, Extref
Operating supply current, Vec=3.0V1t033V 1
extended sampling o Vee =45V 1055V 21
CSat0V, Int ref
Vec=3.0Vto33V 1.6
Power down supply current | Vce =4.5V 1o 5.5V, Ext clock 1
| for all digital inputs, uA
CCPD) 0<V;<03Vor Vee = 2.7 V 10 3.3 V, Ext clock 1
V,2VCC-0.3V,SCLK=0
Auto power—down current | Ve = 4.5 V to 5.5 V, Ext clock, Ext ref 1.0@
| for all digital inputs, uA
CC(AUTOPWDN) 0 <V, 0.3V or Vce = 2.7 V to 3.3V, Ext ref, Ext clock 1.00
V| 2 VCC -0.3V,SCLK=0
Selected channel leakage | Selected channel at Ve 25 oA
current Selected channel at 0 V 25
Maximum static analog
reference current into _ _ _
REFP (use external VREFP = Vcc = 5.5V, VREFM = GND 1 HA
reference)
. Analog inputs 45 50
Ci Input capacitance pF
Control Inputs 5 25
. Vec =45V 500
Z Input MUX ON resistance Q
Vee =27V 600
AC SPECIFICATIONS
SINAD S.'g”a'.' to-noise ratio + f, = 12 kHz at 200 KSPS 65 71 dB
istortion
Tp =-55°C -82 -73
THD Total harmonic distortion fi = 12 kHz at 200 KSPS All other 5 . dB
temperatures -8 =75
ENOB Effective number of bits fy = 12 kHz at 200 KSPS 11.6 Bits
SFDR Spurious free dynamic range | f, = 12 kHz at 200 KSPS -84 -75 dB
Analog Input
Full-power bandwidth, -3 dB 1 MHz
Full-power bandwidth, -1 dB 500 kHz
(1) All typical values are at Vcc =5V, T = 25°C.
(2) 1.2 mAif internal reference is used, 165 pA if internal clock is used.
(3) 0.8 mA if internal reference is used, 116 pA if internal clock is used.
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range, Vec = Vgeep = 3 V10 5.5 V, Vgegem = 0V, SCLK frequency = 20 MHz at 5 V,
15 MHz at 3 V (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP @ MAX UNIT
REFERENCE SPECIFICATIONS®
(0.1 yF and 10 pF between REFP and
REFM pins)
Positive reference input _
REFP voltage Vec=27V1t055V 2 Vee Y
REEM Negative reference input Vee =27 V10 5.5V 0 2 v
voltage
CS=1, SCLK =0, (off) 100 MQ
Vee =55V — _
ce cs=o, ai')'K 20 MHz 20 25 kQ
Reference Input impedance —
CS=1, SCLK =0 (off) 100 MQ
Vee =27V — =
cc CS=0, SCLK =15 MHz 20 o5 KQ
(on)
Reference Input voltage _
REFP-REFM  j = = Vec=27Vt055V 2 Vee Y
Vec =55V VREF SELECT =4V 3.85 4 4.15
REFP-REFM Internal reference voltage Vee =55V VREF SELECT =2V 1.925 2 2.075 \%
Vec =27V VREF SELECT =2V 1.925 2 2.075
Lnr:]eernal reference start-up Vce =5.5V, 2.7 V with 10 yF compensation cap 20 ms
Internal reference _ (5) o
temperature coefficient Vec =2.7V1055V 16 407 PPM/PC
(4) Specified by design.
(5) Specified by design.
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OPERATING CHARACTERISTICS

over operating free-air temperature range, Vec = Vgeep = 3 V10 5.5 V, Vgegem = 0V, SCLK frequency = 20 MHz at 5 V,

15 MHz at 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP @ MAX|UNIT
EL Integral linearity error (INL) @ +1.2| LSB
ED Differential linearity error (DNL) See @ +1.2| LSB
Ta =25°C and 4 6
EO Offset error ¥ See @ 125°C LSB
Ta =-55°C -4 6.2
Ta=25°C and 4 6
EFS Full scale error ) See @ 125°C LSB
Tp =-55°C 4 7.6
SDI = BOOOh (2022%';
Self-test output code ©® SDI = C000h 000h (0D)
SDI = DO0Oh ( 40';';'3
Internal OSC 32 45
t Conversion time S
(conv) External SCLK (14 x [:é\c/)L l: "
A With a maximum of 1-kW input source
tsampley Sampling time impedance 600 ns

(1) All typical values are at Tp = 25°C.
(2) Linear error is the maximum deviation from the best straight line through the A/D transfer characteristics.

(3) Analog input voltages greater than that applied to REFP convert as all ones (111111111111), while input voltages less than that applied

to REFM convert as all zeros (000000000000).

(4) Zero error is the difference between 000000000000 and the converted output for zero input voltage: full-scale error is the difference

between 111111111111 and the converted output for full-scale input voltage.
(5) Both the input data and the output codes are expressed in positive logic.
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PARAMETER MEASUREMENT INFORMATION

_ /7~ Vin
=\ . £ %

\ twH(CS) |
td(CSL-FSH) FJ‘—J—“ WH(FS)

[
EOC } | VoL
td(SCLK-INTL) 44—7 } }
— 3% }/— VOH
INT \.y_._/ VoL

Figure 17. Critical Timing, DSP Mode (Normal Sampling, FS is Active)

\
\ \ ‘ ViH
FS ‘ e N ‘
‘ ‘ ‘ )T \ D ‘ ‘ ViL
| ‘ ﬁ th(FSH-SCLKL) td(CSL-INTH) —P| | ‘
L twH(SCLK) —f¢— td(SCLK-CSH) —————————— | o |
— t e ! ‘
tsu(FSH-SCLKH) —¥ | c‘(SCI‘-K) | ‘ | } \ | %td(FSH-‘mTH)
1 2 15 16 ‘
| | |
SCLK \ \4 | } |
\ twL(SCLK) —¢—P ‘ [
td(csL-DOV) —f¢— | 4> tsupi-sCLK) | | | |
@—— th(DI-SCLK) \ \
) | \| VIH
SDI D14 ID1 X ID0 7
) ‘ ‘ = ViL
| \
) \L | VoH
SDO OoD10 don’t care>< don’t care/ T
) ‘ ‘ VoL
\

td(SCLK-DOV) —P ? td(SCLK-EOCL) — ﬁ

SELECT CYCLE

7 )] VIH
cs Zf + 5(;
—_—] \ ViL

td(CSH-CSTARTL)

td(CSTARTH-EOCL) —4¢—»

l—
" e

\
} | | twL(CSTART) \
- \y ‘ VIH
CSTART *\_ }
————— v
T H—‘ td(CSTARTH-INTL) —® } L
| ‘ |
\ & YCconv) —N‘ } }
> ; | \ ; VoH
EOC | * # \ |
\ \ VoL
\ \
\ \
| td(CSL-INTH) —¥

VoL
1 CSTART falling edge may come before the rising edge of TS but no sooner than the fifth SCLK of the SELECT CYCLE.
Figure 18. Critical Timing (Extended Sampling, Single Shot)
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PARAMETER MEASUREMENT INFORMATION (continued)

N
\_/ )
\

td(CSTARTH-EOCL) 14—
td(CSTARTH-INTL) H
N

)7 )7 VoOH
INT \ ;
VoL

T'CSTART falling edge may come before the rising edge of CS but 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.

SELECT CYCLE N
_ 7 )7 )T VIH
cs Zf ﬁ SF
———— | twL(CSTART) VIL
td(CSH-CSTARTL) & ¥, K—D‘L td(CSTARTHCSTARTL) }
— \ | i ViH
CSTART X ‘
f———— \ \ ViL
\
\ \ ‘
| ‘ |
) | ; ; VOH
| } td(CSL-INTH) P ‘W VoL
\
\

Figure 19. Critical Timing (Extended Sampling, Repeat/Sweep/Repeat Sweep)

_ 3% ) ViH
cs 54; J
I \ ViL

tsu(DI-SCLK)

| 7 e twHics) ——»
| twHsCLK) —f¢—¥ td(SCLK-CSH) —¢——»| ‘
\ ‘tc(SCLK) | \ \
\ 1 | 2 T 16 |
AN ) ‘ /" /\ ViH
SCLK /N / \] | | | / \., / ViL
} \ twL(SCLK)
\

- | ‘ h(DI-SCLK) " Vin
SDI 5 ID15 ID14 D1 X D0
‘ i T ViL
tacsL-Dov) —¥ e }
Hi-Z [ J \ VoH
SDO OoD11 oD10 don’t care>< don’t car Y T
Y ‘ VoL
td(SCLK-DOV) 4‘ @ td(SCLK-EOCL) —»| “ | ‘
) | Yconv) ) % ‘ VOH
EOC \
‘ } VoL
td(SCLK-INTL) 4‘—7 td(CSL-INTH) —» ﬁ

% VoH
INT
VoL

Figure 20. Critical Timing, Microprocessor Mode (Normal Sampling, FS = 1)
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0.53

0.52

0.51

0.5

0.49

INL - Integral Nonlinearity - LSB

0.48

0.47

TYPICAL CHARACTERISTICS

INTEGRAL NONLINEARITY
Vs
TEMPERATURE

v

~

Vce = 2.7V, Internal Reference =2V,
Internal Oscillator, Single Shot,
Short Sample, Mode 00 P Mode

-40 -23.75 -7.5 875 25 41.25 57.5 73.75 90

0.496

0.494

0.492

0.49

0.488

0.486

0.484

0.482

DNL - Differential Nonlinearity - LSB

0.48

0.478

TA - Temperature - °C
Figure 21.
DIFFERENTIAL NONLINEARITY

A
TEMPERATURE

al \

/| \

% \

/

/

L Internal Oscillator, Single Shot, E—

Vce = 2.7V, Internal Reference =2V,

Short Sample, Mode 00 uP Mode

-40 -23.75 -75 875 25 41.25 57.5 73.75 90

Ta - Temperature - °C
Figure 23.

INL - Integral Nonlinearity - LSB

DNL - Differential Nonlinearity - LSB

INTEGRAL NONLINEARITY

VS
TEMPERATURE
0.6
0.595 /
0.59 //

0.585 /'
0.58 /’

0.575
~

0.57

Vce =5.5V, Internal Reference =2V,
0.565—— Internal Oscillator, Single Shot, —
Short Sample, Mode 00 1P Mode

0.56 \ \ \ \ \ \
-40 -23.75 -7.5 875 25 41.25 57.5 73.75 90

Tp - Temperature - °C

Figure 22.

DIFFERENTIAL NONLINEARITY
VS

TEMPERATURE
0.48
f |
0.47 P~
0.46
0.45

0.44
Vce = 5.5V, Internal Reference =2V,
Internal Oscillator, Single Shot,
0.43 Short Sample, Mode 00 P Mode
0.42

-40 -23.75 -7.5 875 25 41.25 57.5 73.75 90
Ta - Temperature - °C

Figure 24.
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Offset Error - LSB

Supply Current - mA

TYPICAL CHARACTERISTICS (continued)

OFFSET ERROR

VS
TEMPERATURE
1.2
\
\\
1
\\
0.8
0.6
0.4
Vcc =5V, Internal Reference =4V,
External Oscillator = SCLK/4,
02— Single Shot, Long Sample,
’ Mode 00 P Mode
3 N O
-40 -23.75 -7.5 875 25 41.25 57.5 73.75 90
Ta - Temperature - °C
Figure 25.
SUPPLY CURRENT
Vs
TEMPERATURE
14
Long Sample
1
Short Sample
0.8
Vcc =5V, External Reference =4V,
Internal Oscillator, Single Shot,
Short Sample, Mode 00 uP Mode
0.6 I N A N
-40 -23.75 -75 875 25 41.25 57.5 73.75 90

Ta - Temperature - °C

Figure 27.

Gain Error - LSB

Powerdown Current - A

GAIN ERROR
Vs
TEMPERATURE
0.5
0
-0.5
-1
L— \
/ \
-15
Ve =5V, Internal Reference =4V,
External Oscillator = SCLK/4,
2 Single Shot, Long Sample,
Mode 00 P Mode
B I O I I O
-40 -23.75 -7.5 8.75 25 41.25 57.5 73.75 90
Ta - Temperature - °C
Figure 26.
POWER DOWN CURRENT
'S
TEMPERATURE
0.4 | | | | | | |
External Reference = 4V, Internal Oscillator,
Single Shot, Short Sample, Mode 00 P Mode
0.2 ‘ ‘
—
| "
Vec=5V /
A
0 7
0.2
0.4 Veg=27V |7
0.8 —
1
-40 -23.75 -7.5 8.75 25 41.25 575 73.75 90

Ta - Temperature - °C
Figure 28.
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TYPICAL CHARACTERISTICS (continued)
INTEGRAL NONLINEARITY

Vs
SAMPLES
1.0
g Ve = 2.7V, Internal Reference = 2V, Internal Oscillator,
_.l Single Shot, Short Sample, Mode 00 uP Mode
£ 05
B
<
g
E 0.0 i AL””” ‘.Hu 1 " Sl R it \“M\‘ ‘J‘ AL L |“J. |h
P4 L '|‘ I N Ilm ! Im !H il TR FW '“W I A
[
o
2 -05 1
= I |
2
= -1.0
0 Samples 4097
Figure 29.
DIFFERENTIAL NONLINEARITY
Vs
SAMPLES
a 1.0
u) -
| Ve = 2.7V, Internal Reference = 2V, Internal Oscillator,
_é, Single Shot, Short Sample, Mode 00 P Mode
s 0.5
Q
£
c
2 0.0 [AM it W“,‘H I H\ e Jl LR LY O IH.‘\ML\‘.‘LLL'\.UII|“ AL Nl Il].m g o B
T Wik | l 1 e ‘1 \ \' I T Ut I 'II 'le l\l’"\
=
c
o
K] -0.5 i
&
o
E -1.0
0 Samples 4097
Figure 30.
INTEGRAL NONLINEARITY
'S
SAMPLES
1.0
o Ve =5V, Internal Reference = 2V, Internal Oscillator,
_.l Single Shot, Short Sample, Mode 00 1P Mode
2
B
©
o
£
c
o f
=
©
o
2
£
2
= -1.0
0 Samples 4097
Figure 31.
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TYPICAL CHARACTERISTICS (continued)
DIFFERENTIAL NONLINEARITY
VS
SAMPLES
2 10
| Vce =5V, Internal Reference = 2V, Internal Oscillator,
é, Single Shot, Short Sample, Mode 00 P Mode
s 05
o
£
5 i
Z 0.0 [ A LAY !h\ Al i [ Ay, N ”‘nnhn 1 A ln" ik A Lo
3 i { I i | PN Y Y
c
o
g -0.5
=
o
E -1.0
0 Samples 4097
Figure 32.
MAGNITUDE
'S
FREQUENCY

100% -

Vcce =5V, External Reference =4V,
Internal Oscillator , Single Shot, Long Sample, Mode 00 P
Mode @ 200 KSPS

Magnitude - dB
(2]
=)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

f - Frequency - kHz
Figure 33.
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TYPICAL CHARACTERISTICS (continued)
SIGNAL-TO-NOISE + DISTORTION

Vs
INPUT FREQUENCY
-67
@ .67.50 /
c
2 -68 /
o
0 -68.50
+
a: /
(7]
©° -69
Z
= /
= -69.50
5 /
-‘-I’_’ -70 / Vee=5V, ]
< /_/ External Reference =4V,
‘zt Internal Oscillator, )
7} -70.50 Single Shot, Long Sample,
Mode 00 P Mode
-71 :
0 50 100 150
f - Frequency - kHz
Figure 34.
TOTAL HARMONIC DISTORTION
Vs
INPUT FREQUENCY
-69
-70
m
S 7 r/
c /
o
s 72
2 /
(]
a 73
L
S -74
- /
£ 75 /
s / ]
A / Vec=5V,
a 77 External Reference =4V, |
z ) / Internal Oscillator,
.78 Single Shot, Long Sample, ]
Mode 00 P Mode
-79 :
50 100 150

f - Frequency - kHz

Figure 36.

ENOB - Effective Number of Bits - BITS

Spurious Free Dynamic Range - dB

EFFECTIVE NUMBER OF BITS

Vs

INPUT FREQUENCY

11.50
1140
11.30
11.20 \
11.10
11 Veec=5Y,
External Reference =4V,
Internal Oscillator,
10.90[ single Shot, Long Sample, N
Mode 00 P Mode
10.80 ‘
0 50 100 150
f - Frequency - kHz
Figure 35.
SPURIOUS FREE DYNAMIC RANGE
Vs
INPUT FREQUENCY
-73
-74
-75 //
-76 //
=77 /
-78 /
-79 y
/ Vee =5V,
-80 External Reference =4V,
/ Internal Oscillator,
81 Single Shot, Long Sample,
) Mode 00 P Mode
-82 \
50 100 150

f - Frequency - kHz

Figure 37.
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Parts with a date code earlier than 31xxxxx have the following discrepancies:
1. Earlier devices react to FS input irrespective of the state of the CS signal.

XF
TXD

RXD
CLKR
CLKX
TMS320 DSP
BIO
FSR
FSX

TYPICAL CHARACTERISTICS (continued)
SIGNAL-TO-NOISE RATIO

-70.2

-70.4

-70.6

-70.8

SNR - Signal-to-Noise Ratio - dB

-71.2

-71.4

INPUT FREQUENCY

Vs

T
Vee =5V,

External Reference =4V,

I Internal Oscillator,
Single Shot, Long Sample,
Mode 00 P Mode

/

//

/

/

/

/

—/

0 50

100

f - Frequency - kHz
Figure 38.

PRINCIPLES OF OPERATION

10 kQ

L_*A

150
Vce
v
plcs PP
»| sDI
SDO
AIN
«—
»{ SsCLK

INT TLV2548

L+ A

FS

v

GND

L

Figure 39. Typical Interface to a TMS320 DSP

DATA CODE INFORMATION

2. 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
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requires longer input data hold time.
3. For earlier silicon, the delay time is specified as:

MIN  NOM MAX| UNIT
_ SDO =0 pF 16
Delay time, delay from SCLK falling edge (FS is Vec =45V SDO = 100 pF 20
active) or SDO = 100 pF 20 ns SCLK rising edge ns
(FS = 1) to next SDO valid, td(SCLK-DOV)- vV, =27V SDO =0 pF 24
cc =24
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
exists 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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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TLV2548MPWREP Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55to 125 TV2548EP
TLV2548MPWREP.A Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55t0 125 TV2548EP
V62/10603-01XE Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55t0 125 TV2548EP

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

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

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

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

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

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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

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

OTHER QUALIFIED VERSIONS OF TLV2548-EP :
o Catalog : TLV2548

Addendum-Page 1
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o Military : TLV2548M

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product

o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLV2548MPWREP TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV2548MPWREP TSSOP PW 20 2000 350.0 350.0 43.0
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0O020A

SMALL OUTLINE PACKAGE

PIN 1 INDEX AREA
18X -0.65
R 20
1 == )
== -
—
—
2X
6.6 5.85
64 —
NOTE 3
—
—
o
10 g e et
- J 11
20X 0.30
E 45 0.19
4.3

./'

&-«/\ (0.15)TYPjr
SEE DETAIL A

GAGE PLANE

DETAIL A
TYPICAL

4220206/A 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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EXAMPLE BOARD LAYOUT
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X(1.5) SYMM
|1 ‘ r ¢ (R0.05) TYP
oo [ | e
b |

|
) |

|
e |

L

18X (0.65) — -

-

)
1]
1)

o | ]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK METAL UNDER SOLDER MASK
oPEN|NG\ METAL SOLDER MASK OPENING
777777777777 .
|
|

T EXPOSED METAL

*H‘* 0.05 MAX *j 0.05 MIN

EXPOSED METAL

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS

4220206/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X (0.45)

f

e
-

aai

SYMM

=
[N

20X (1.5) SYMM
i j | r ¢ (R0.05) TYP
| |
|
|
|
|
|
4
|
|
|
|
|
|
|

[ ]
1]
]
o

R

L— (5.8) —J

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220206/A 02/2017

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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

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