TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

® 14-Bit Resolution TLC3548
. DW OR PW PACKAGE
® Maximum Throughput 200 KSPS (TOP VIEW)
® Analog Input Range 0-V to Reference
Voltage SCLK I |10 24 I'T CSTART
® Multiple Analog Inputs: FS LI |2 23 LT AVpp
SDI 1 |3 22 I T AGND
— 8 Channels for TLC3548 —
4 Ch Is for TLC3544 EOC/INT I |4 21 'T] BGAP
- annels for spo CI |5 20 [T REFM
® Pseudodifferential Analog Inputs DGND I |6 19 [T REEP
® SPI/DSP-Compatible Serial Interfaces With Dvpp 1T |7 18 [FT1 AGND
SCLK up to 25 MHz cs I |s 17 1 AVpp
. . A0 I |9 16 [ 11 A7
° - - 3./5-
gmgltle 5-V Analog Supply; 3-/5-V Digital a1 |0 15 F a6
upply A2 1] |11 14 [T A5
® | ow Power: A3 1] |12 13 [T A4
— 4 mA (Internal Reference: 1.8 mA) for
Normal Operation
— 20 pA in Autopower-Down TLC3544
® Built-In 4-V Reference, Conversion Clock DW OR PW PACKAGE
and 8x FIFO (TOP VIEW)
® Hardware-Controlled and Programmable scLK I |10 20 [T CSTART
Sampling Period Fs 1 |2 19 T AVpp
® Programmable Autochannel Sweep and sDI 1T (3 18 T AGND
Repeat EOC/INT EE 4 17 :D BGAP
. . sbo I |5 16 [T 1 REFM
°
Hardware Default Configuration oaND |6 15 FO rerp
® INL: +1 LSB Max Dvpp 1 |7 14 -1 AGND
® DNL: £1 LSB Max cs 1] |s 13 [T AVpp
. A0 I |9 12 [T A3
® SINAD: 80.8dB
S 80.8d Al 1 |10 11 17 A2
® THD:-95dB
description

The TLC3544 and TLC3548 are a family of 14-bit resolution high-performance, low-power, CMOS
analog-to-digital converters (ADC). All devices operate from a single 5-V analog power supply and 3-V to 5-V
digital supply. The serial interface consists of four digital inputs [chip select (CS), frame sync (FS), serial
input-output clock (SCLK), serial data input (SDI)], and a 3-state serial data output (SDO). CS (works as SS,
slave select), SDI, SDO, and SCLK form an SPI interface. FS, SDI, SDO, and SCLK form a DSP interface. The
frame sync signal (FS) indicates the start of a serial data frame being transferred. When multiple converters
connect to one serial port of a DSP, CS works as the chip select to allow the host DSP to access the individual
converter. CS can be tied to ground if only one converter is used. FS must be tied to DVpp if it is not used (such
as in an SPI interface). When SDl is tied to DVpp, the device is set in hardware default mode after power-on,
and no software configuration is required. In the simplest case, only three wires (SDO, SCLK, and CS or FS)
are needed to interface with the host.

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

PRODUCTION DATA information is current as of publication date. Copyright O 2000 — 2003, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments
Jard warranty. Production pr ing does not r ily include

testing of all parameters.
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

description (continued)

In addition to being a high-speed ADC with versatile control capability, these devices have an on-chip analog
multiplexer (MUX) that can select any analog input or one of three self-test voltages. The sample-and-hold
function is automatically started after the fourth SCLK (normal sampling) or can be controlled by CSTART to
extend the sampling period (extended sampling). The normal sampling period can also be programmed as short
sampling (12 SCLKSs) or long sampling (44 SCLKSs) to accommodate the faster SCLK operation popular among
high-performance signal processors. The TLC3544 and TLC3548 are designed to operate with low power
consumption. The power saving feature is further enhanced with software power-down/ autopower-down
modes and programmable conversion speeds. The conversion clock (internal OSC) is built in. The converter
can also use an external SCLK as the conversion clock for maximum flexibility. The TLC3544 and TLC3548
have a 4-V internal reference. The converters are specified with unipolar input range of 0-V to 5-V when a 5-V
external reference is used.

AVAILABLE OPTIONS

PACKAGED DEVICES

TA 20-TSSOP 20-SOIC 24-S0IC 24-TSSOP
PW) (DW) (DW) PW)

0°Cto 70°C TLC3544CPW TLC3544CDW TLC3548CDW TLC3548CPW
—40°C to 85°C | TLC3544IPW TLC3544IDW TLC3548IDW TLC3548IPW

functional block diagram

DVpp AVpp
r-r—— = — |
REFP ——»] Y I
BGAP | > Reference |
REFM —— I
I I
I |
X8 | X4 | / I
AO | AO I SAR FiIFo | |
Analo »
AL | Al [ o > apc [ ®] xs ||
A2 | A2 | |
A3 | A3 ; > osc |
A4 | X | \—"—SDO
A5 | X | \—p- Conversion |
ﬁ? § I Command > Clock I
I Decode I
| CFR |
SDI > I
| CMR (4 MSBs) |
SCLK . o  » |
cs - * > |
FS i > Control |
| 4-Bit R Logic |—— »l EocinT
| Counter . |
CSTART I » I
S S —— e e e . — — |
T T
DGND AGND
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

equivalent input circuit

VDD
MUX
=1
: 11kQ : VDD
| Max |
Al : Ron | = c =30pF M
I.___! T (sample) = 5U P Max Digital Input
= REFM L
Diode Turn on Voltage: 35V Equivalent Digital Input Circuit
Equivalent Analog Input Circuit
Terminal Functions
TERMINAL
NO. | DESCRIPTION
NAME /0 SC o}
TLC3544 | TLC3548

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

Al Al 10 10 driving source impedance should be less than or equal to 1 kQ for normal sampling. For larger

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

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

A4 13 time.
A5 14
A6 15
A7 16

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

AVDD 13,19 17,23 | Analog supply voltage

BGAP 17 21 | Internal bandgap compensation pin. Install compensation capacitors between BGAP and AGND.
0.1 pF for external reference; 10 pF in parallel with 0.1 pF for internal reference.

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

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

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

CSTART 20 24 | External sampling trigger signal, which initiates the sampling from a selected analog input channel
when the device works in extended sampling mode (asynchronous sampling). A high-to-low
transition starts the sampling of the analog input signal. A low-to-high transition puts the S/H in hold
mode and starts the conversion. The low time of the CSTART signal controls the sampling period.
CSTART signal must be long enough for proper sampling. CSTART must stay high long enough
after the low-to-high transition for the conversion to finish maturely. The activation of CSTART is
independent of SCLK and the level of CS and FS. However, the first CSTART cannot be issued
before the rising edge of the 11th SCLK. Tie this terminal to DVpp if not used.

DGND 6 6 | Digital ground return for the internal circuitry

DVpp 7 7 | Digital supply voltage
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TLC3544, TLC3548

5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

Terminal Functions (Continued)

TERMINAL

NAME

NO.

TLC3544

TLC3548

110

DESCRIPTION

EOC(INT)

4

4

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

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

INT: Interrupt to the host processor. The falling edge of INT indicates data is ready for output. INT
is cleared by the following CS1, FSt, or CSTART!.

FS

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

REFM

16

20

External low reference input. Connect REFM to AGND.

REFP

15

19

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

SCLK

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

SDI

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

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

SDO

The 3-state serial output for the A/D conversion result. All data bits are shifted out through SDO.
SDO is in the high-impedance state when CS is high. SDO is released after a CS falling edge. The
output format is MSB (OD[15]) first.

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

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

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

In a select/conversion operation, the first 14 bits are the results from the previous conversion (data).
In READ FIFO operation, the data is from FIFO. In both cases, the last two bits are don’t care.
In a WRITE operation, the output from SDO is ignored.

SDO goes into high-impedance state at the sixteenth falling edge of SCLK after the operation cycle
is initiated. SDO is in high-impedance state during conversions in modes 01, 10, and 11.
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

absolute maximum ratings over operating free-air temperature (unless otherwise noted)’

Supply voltage, GND t0 AVDD, DVDD -+t ittt e -0.3Vto6.5V
Analog input voltage range . ...ttt -0.2Vto AVpp 0.2V
ANAlog INPUL CUITENE . ... e e e e et e e et 100 mA MAX
Reference input voltage ............. . AVpp + 0.3V
Digital input voltage range . ...t -0.3VtoDVpp +0.3V
Operating virtual junction temperaturerange, Ty ........ ..., —40°C to 150°C
Operating free-air industrial temperature range, Ta: I Suffix ......... ... ... .. ... . ..., —40°C to 85°C

Csuffix ... 0°C to 70°C
Storage temperature range, Totg oo —65°C to 150°C
Lead temperature 1,6 mm (1.16 inch) from case for 10 seconds ..............ciiiiiineenn... 260°C

1 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.
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS
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general electrical characteristics over recommended operating free-air temperature range,
single-ended input, normal long sampling, 200 KSPS, AVpp =5V, external reference (VRgrp =4V,
VREgM = 0V) or internal reference, SCLK frequency = 25 MHz, fixed channel at CONV mode 00,
analog input signal source resistance = 25 Q (unless otherwise noted)

PARAMETER | TEST CONDITIONS | min o TYPT max | uniT
Digital Input
. ) DVpp=5V 3.8
VIH High-level control input voltage \%
DVpp =3V 21
VL Low-level control input voltage DVpp=5V 0.8 v
DVpp=3V 0.6
IIH High-level input current V| =DVpp 0.005 25 HA
L Low-level input current V| =DGND -2.5 0.005 HA
Input capacitance 20 25 pF
Digital output
High-level digital output, _ DVpp =5V 4.2
VOH VOH at 30-pF load lo=-02mA Iy o =3V 2.4 v
lo =0.8 mA 0.4
DVpp =5V
Low-level digital output, Io =50 A 0.1
VoL \%
VoL at 30-pF load Io =0.8 MA 0.4
DVpp =3V
lo = 50 pA 0.1
Off-state output current Vo=DVpp [=—=_ 0.02 1
loz (high-impedance state) Vo = DGND €S =DVbp -1 -0.02 WA
Power Supply
AVDD 45 5 55 V
Supply voltage
DVpD 2.7 5 55 V
AVpp current-
Al DD Conversion clock is internal OSC, 2.8 3.6
Power supply CcC _
Icc current DV : EXT. reference, AVpp =5.5V1t0 4.5V, mA
DD current- CS = DGND 1.2 2
Dicc
For all digital inputs DVpp or SCLK ON 175 240
lcc(s Softwarpower-dowpowesupplyurrent | DGND, CS =DVpp, HA
(SW) P n PPy AVpp =55V SCLK OFF 20
g I For all digital inputs DVpp or SCLK ON 175 230
‘CC(Autodown) Autopower-down power supply DGND, AVDD =55V, pA
current External reference SCLK OFF 20
. C suffix 0 70 .
Operating temperature [ suffix ~20 a5 C

T Al typical values are at Tp = 25°C.
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

general electrical characteristics over recommended operating free-air temperature range,
single-ended input, normal long sampling, 200 KSPS, AVpp =5V, external reference (VRggp =4V,
VRepM = 0V) or internal reference, SCLK frequency = 25 MHz, fixed channel at CONV mode 00,
analog input signal source resistance = 25 Q (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
Resolution 14 bits
Analog Input
Voltage range 0 Reference \%
Leakage current 0.01 0.05 HA
Capacitance 30 pF
Reference
Internal reference voltage 3.85 4 4.07 Y
Icr(l)t:;fri\glernetference temperature 100 PpM/C
Internal reference source current 18 25 mA
Internal reference startup time 20 ms
VREEP External positive reference voltage 3 5 \
VREEM External negative reference voltage 0 AGND \Y
et ey o
External reference input impedance Normal long sampling (AVpp =5V,
CS =DGND, SCLK = 25 MHz, 8.3 12.5 kQ
External conversion clock)
No conversion (VRepp =AVpp =5V,
VREFM = AGND, External reference, 15 MA
CS =DVpp)
External reference current Normal long sampling (AVpp = 5 V,
CS = DGND, SCLK = 25 MHz external 0.4 0.6 mA
conversion clock at VRgg =5 V)
Throughput Rate
f Internal oscillation frequency DVpp=27Vt055V 6.5 MHz
Internal OSC, 6.5 MHz minute 2.785
t(conv) Conversion time Conversion clock is external source, 2.895 Hs
SCLK =25 MHz (see Note 1)
Acquisition time Normal short sampling 1.2 us
Throughput rate (see Note 2) glgrorrglllong sampling, fixed channel in mode 200 KSPS
DC Accuracy—Normal Long Sampling
EL Integral linearity error See Note 3 -1 +0.5 1 LSB
Ep Differential linearity error -1 +0.5 1 LSB
Eo Zero offset error See Note 4 -3 +0.6 3| LSB
E(g+) Gain error See Note 4 0 5 12 LSB

T All typical values are at Tp = 25°C.
NOTES: 1. Conversion time t(cony) = (18x4 / SCLK) + 15 ns.
2. Thisis for afixed channel in conversion mode 00 or 01. When switching the channels, additional multiplexer setting time is required
to overcome the memory effect of the charge redistribution DAC (refer to Figure 8).
3. Linear error is the maximum deviation from the best fit straight line through the A/D transfer characteristics.
4. Zero offset error is the difference between 0000000000000 and the converted output for zero input voltage; gain error is the
difference between 11111111111111 and the converted output for full-scale input voltage. The full-scale input voltage is equal to the
reference voltage being used.
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TLC3544, TLC3548

5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS
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general electrical characteristics over recommended operating free-air temperature range,

single-ended input, normal long sampling, 200 KSPS, AVpp =5V, external reference (VRgrp

=4V,

VREgM = 0V) or internal reference, SCLK frequency = 25 MHz, fixed channel at CONV mode 00,
analog input signal source resistance = 25 Q (unless otherwise noted) (continued)

PARAMETER | TEST CONDITIONS [ MmN TYPT  mAX| uniT
DC Accuracy—Normal Short Sampling
EL Integral linearity error See Note 3 +0.8 LSB
Ep Differential linearity error +0.6 LSB
Eo Zero offset error See Note 4 -3 0.6 3| LSB
E(g+) Gain error See Note 4 0 5 12 LSB
AC Accuracy—Normal Long Sampling
. . . . . fi = 20 kHz 78.6 80.8
SINAD Signal-to-noise ratio + distortion dB
fj = 100 kHz 77.6
o . fi =20 kHz -95 -90
THD Total harmonic distortion dB
fj = 100 kHz —88
. . fi = 20 kHz 90 97
SFDR Spurious free dynamic range dB
fj = 100 kHz 89
. ) fi = 20 kHz 12.8 13.1 .
ENOB Effective number of bits Bits
fj = 100 kHz 12.6
. . ) fi =20 kHz 79 81
SNR Signal-to-noise ratio dB
fi = 100 kHz 78
Channel-to-channel isolation (see | ;. .4 channel in conversion mode 00, f; = 35 kHz 100 dB
Notes 2 and 5) T
. . Full power bandwidth, —1 dB 2
Analog input bandwidth - MHz
Full power bandwidth, -3 dB 25
AC Accuracy—Normal Short Sampling
) _ L fi= 20 kHz 78.9
SINAD Signal-to-noise ratio + distortion dB
fj = 100 kHz 77.6
L . fi=20 kHz -95
THD Total harmonic distortion dB
fj = 100 kHz -88
. . . fi=20 kHz 79
SNR Signal-to-noise ratio dB
fj = 100 kHz 78
. ) fi=20 kHz 12.8 .
ENOB Effective number of bits Bits
fj = 100 kHz 12.6
. . fi=20 kHz 97
SFDR Spurious free dynamic range dB
fj = 100 kHz 89
Channel-to-channel isolation (see | ;. 4 channel in conversion mode 00, f; = 35 kHz 100 dB
Notes 2 and 5) T
Analod input bandwidth Full power bandwidth, —1 dB 2 MK
nalog input bandwi Full power bandwidth, -3 dB 25 z

T Al typical values are at Ta = 25°C.

NOTES: 2. Thisisfora fixed channelin conversion mode 00 or 01. When switching the channels, additional multiplexer setting time is required
to overcome the memory effect of the charge redistribution DAC (refer to Figure 8).

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

4. Zero offset error is the difference between 0000000000000 and the converted output for zero input voltage; gain error is the
difference between 11111111111111 and the converted output for full-scale input voltage. The full-scale input voltage is equal to the

reference voltage being used.

5. Itis measured by applying a full-scale of 35 kHz signal to other channels and determining how much the signal is attenuated in the
channel of interest. The converter samples this examined channel continuously. The channel-to-channel isolation is degraded if the
converter samples different channels alternately (refer to Figure 8).
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timing requirements over recommended operating free-air temperaturerange, AVpp=5V, DVpp
=5V, VRepp =5V, VREEM = 0V, SCLK frequency = 25 MHz (unless otherwise noted)

SCLK, SDI, SDO, EOC and INT

PARAMETERS MIN  TYP MAX | UNIT
. DVpp =27V 100
te(1)  Cycle time of SCLK at 25-pF load T ns
DVpp=5V 40
tw(1) Pulse width, SCLK high time at 25-pF load 40% 60% | tc(1)
or TN oad DVpp=5V 6
t Rise time for INT, EOC at 10-pF loa ns
@ P DVpp = 2.7V 10
Il time for INT load PVDp=5Y o
t Fall time for INT, EOC at 10-pF loa ns
(1) ' P DVpp = 2.7 V 10
Setup time, new SDI valid (reaches 90% final level) before falling edge of SCLK, at 25-pF
tsu(l) load 6 - ns

Hold time, old SDI hold (reaches 10% of old data level) after falling edge of SCLK, at

th(1) 25-pF load 0 " ns

¢ Delay time, new SDO valid (reaches 90% of final level) after SCLK rising DVpp=5V 0 10 ns

d@)  edge, at 10-pF load DVpp = 2.7 V 0 23t

th(2) Hold time, old SDO hold (reaches 10% of old data level) after SCLK rising edge, at 10-pF 0 _ ns
load

1d(2) Delay time, delay from sixteenth SCLK falling edge to EOC falling edge, normal sampling, 0 6 ns
at 10-pF load

¢ Delay time, delay from the sixteenth falling edge of SCLK to INT falling edge, at 10-pF t t +6 s

d(3)  |oad [see the (%) double dagger note and Note 6] (conv) (conv) a

T The minimum pulse width of SCLK high is 12.5 ns. The minimum pulse width of SCLK low is 12.5 ns.

% Specified by design _

NOTE 6: For normal short sampling, td(3) is the delay from 16th falling edge of SCLK to INT falling edge. ___
For normal long sampling, td(3) is the delay from 48th falling edge of SCLK to the falling edge of INT.
Conversiontime, t(conv)is equalto 18 x OSC + 15 ns when using internal OSC as conversion clock, or 72 x t¢(1) + 15 ns when external
SCLK is conversion clock source.
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( ((
— S_\Ki%%)"/ / )T VIH
cs 108& (( (( x
)) )

) VIL
f— to(1) ¥
tw(1) —k—q |
N\ AN N 16 an an N
SCLK / \ // \\ // \\ (// \\ // \\
¢ ) th(l) (JJ
( tsu() —* k_rl L] ( (¢
SDI Don’t Care >Z ID15 ID1 IDO >< Don’t Care v ><
(( ( ((
)] J: T )7 )T
td(1) ‘H—“ \
th@ |
0 ) i
spo — -2 4 Cop1s op opo  >—i A2 C
(( (( _'l @) tr(l)_'l “— ((
)Y )7 See Note A \ )
EOC
((
OR tf(2) _l:‘ ) )
(( (( i td(3) o
INT ! ¥ See Note B \YSH‘ /‘
((
)) \
) ¥ tr) ™

NOTES: A. For normal long sampling, td(2) is the delay time of EOC low after the falling edge of 48th SCLK.
B. For normal long sampling, td(3) is the delay time of INT low after the falling edge of 48th SCLK.
— — — — The dotted line means signal may or may not exist, depending on application. It must be ignored.
Normal sampling mode, CSinitiates the conversion, FS must be tied to high. When CSis high, SDO is in Hi-Z; all inputs (FS, SCLK,
SDI) are inactive and are ignored.

Figure 1. Critical Timing for SCLK, SDI, SDO, EOC and INT
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timing requirements over recommended operating free-air temperature range, AVpp =5V,
DVpp=5V,VRepp=5V,VREFM=0V, SCLK frequency =25MHz (unless otherwise noted) (continued)

CS trigger
PARAMETERS MIN TYP MAX | UNIT
tsy(2) Setup time, CS falling edge before SCLK rising edge, at 25-pF load 12 ns
td(4) Delay time, delay time from 16th SCLK falling edge to cs rising edge, at 25-pF load % 5 ns
tw(2) Pulse width, CS high time at 25-pF load 1 tc(1)
t(s) ?:é:ell?/egr;;a,;ellg)_/ from CS falling edge to MSB of SDO valid (reaches 90% DVbp i SV 0 12 ns
: pF load DVpp =27V 0 30T
tde)  Delay time, delay from cs rising edge to SDO 3-state, at 10-pF load 0 6 ns
td7)  Delay time, delay from cs falling edge to INT rising edge, at 10-pF load DVbp =5V 0 6 ns
DVpp =27V 0 16T

1 Specified by design _
* For normal short sampling, tg(4) is the delay time from 16th SCLK falling edge to CS rising edge.
For normal long sampling, tq(4) is the delay time from 48th SCLK falling edge to CS rising edge.

— Y
cs 3 ,Y/ IH
b )Y 45 ViL

\ \
s /N \/L/\M /_\\,, 4N <\ }E/_\;
))
(J ()(J (J(J T (J(J
SDI| . Don’t Care X ID15 = IDLX IDOX (@ Don’t Care « X ( Don’t Care
J )) 1] U )
. E) — _ \ ( td(e) 1+ _

spo —¢ Hi-Z ﬁOD15@< oD0 >—S Hi-Z (e J—<OD15(( OD7}M
)
{(
))

)
(( (( £
T )T )T

OR

-
=¥
=~
S
o

NOTE A: — — — — The dotted line means signal may or may not exist, depending on application. It must be ignored.
Normal sampling mode, CS initiates the conversion, FS must be tied to high. When CS is high, SDO is in Hi-Z, all inputs (FS, SCLK,
SDI) are inactive and are ignored. Parts with date code earlier than 13XXXXX have these discrepancies:
(Date code is a 7 digit code next to the Tl where the first digit indicates the year and the second digit is the month of production. 13,
in this case, is 2001 and the month of March.) _
FS is not ignored even if the device is in microcontroller mode (CS triggered).
FS must be tied to DVpp.

Figure 2. Critical Timing for CS Trigger
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

timing requirements over recommended operating free-air temperature range, AVpp =5V,
DVpp=5V,VRepp=5V,VREFM=0V, SCLK frequency =25MHz (unless otherwise noted) (continued)

FS trigger
PARAMETERS MIN TYP MAX | UNIT
td(8) Delay time, delay from cs falling edge to FS rising edge, at 25-pF load 0.5 tc(1)
tsu(3) Setup time, FS rising edge before SCLK falling edge, at 25-pF load 0.25xt¢(1) 0.5xtc(1)*+5 ns
tw(3) Pulse width, FS high at 25-pF load 0.75xtc(1) to()  1.25xtc(1) ns
¢ Delay time, delay from FS rising edge to MSB of SDO valid DVbp=5V 267 ns
d(9) (reaches 90% final level) at 10-pF load DVpp =2.7V 30t
Required
td(10) Delay time, delay from FS rising edge to next FS rising edge at 25-pF load sampling time + us
conversion time
t Delay time, delay from FS rising edge to INT rising edge at DVpp =5V 0 67 ns
d(11)  10-pF load DVpp = 2.7V 167

1 Specified by design

e td(10 VIH
| 55— o ‘()7_[: VIL
ﬁ— td(s) e tw(3)

FS m (( ( (
— k_tsu(3)
SCLK_/MN\/\/\N\/—
( ( ((
S DontCare X ip15 DX DO ><j' Don"t‘Care X 15 Don't Care
— ‘ ¢ ! : rg_

tg(9) — . } 5
i

SDO %»—%H'Z op1s oD opo »—i—HL { op1s X Dop't Care
V. —

— OH ¢ f(’ (
((C
— )) )] )] )T
INT \AA—)/

NOTE A: — — — — The dotted line means signal may or may not exist, depending on application. It must be ignored.
Normal sampling mode, FS initiates the conversion, CS can be tied to low. When CS is high, SDO is in Hi-Z, all inputs (FS, SCLK, SDI)
are inactive and are ignored.
Parts with date code earlier than 13XXXXX have these discrepancies:
(Date code is a 7 digit code next to the Tl where the first digit indicates the year and the second digit is the month of production. 13,
in this case, is 2001 and the month of March.) _
SDO MSB (OD[15]) comes out from the falling edge of CS instead of FS rising edge in DSP mode (FS triggered).

)] )]

4AAJL

EOC
OR

Figure 3. Critical Timing for FS Trigger
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

timing requirements over recommended operating free-air temperature range, AVpp =5V,
DVpp=5V,VRepp=5V,VREFM=0V, SCLK frequency =25MHz (unless otherwise noted) (continued)

CSTART trigger

PARAMETERS MIN TYP MAX UNIT
Delay time, delay from CSTART rising edge to EOC falling
td(12) edge, at 10-pF load 0 15 2t ns
tw(4) Pulse width CSTART low time: tyy(L)(CSTART), at 25-pF load t(sample — ref)t0.4 Note 7 Us

Delay time, delay from CSTART rising edge to CSTART falling

td(13) edge, at 25-pF load t(conv) +15 Notes 7 and 8 ns
Delay time, delay from CSTART rising edge to INT falling edge,
td(14) at 10‘pF load t(Conv) +15 Notes 7 and 8 t(conv)+21 ns

Delay time, delay from CSTART falling edge to INT rising edge,
td(15) at 10-pF load 0 6 HS

NOTES: 7. The pulse width of CSTART must be not less than the required sampling time. The delay from CSTART rising edge to following
CSTART falling edge must not be less than the required conversion time. The delay from CSTART rising edge to the INT falling edge

is equal to the conversion time.
8. The maximum rate of SCLK is 25 MHz for normal long sampling and 10 MHz for normal short sampling.

k— tw(4) —*7 td(13) 44

CSTART
“J k_.p(ﬁp_/

td(lz) |

\
EOC / } v }
\ P—J— td(15)

\ \
e tga) —

OR

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

detailed description

converter

The converters are a successive-approximation ADC utilizing a charge redistribution DAC. Figure 5 shows a
simplified block diagram of the ADC. The sampling capacitor acquires the signal on Ain during the sampling
period. When the conversion process starts, the control logic directs the charge redistribution DAC to add and
subtract fixed amounts of charge from the sampling capacitor to bring the comparator into a balanced condition.
When balanced, the conversion is complete and the ADC output code is generated.
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS
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detailed description (continued)

Charge
Redistribution
DAC

Ain —o/o—{

Control

. ——» ADC Code
Logic

-

REFM

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

analog input range and internal test voltages

TLC3548 has eight analog inputs (TLC3544 has four) and three test voltages. The inputs are selected by the
analog multiplexer according to the command entered (see Table 1). The input multiplexer is a break-
before-make type to reduce input-to-input noise injection resulting from channel switching.

The TLC3544 and TLC3548 are specified for a unipolar input range of 0-V to 4-V when the internal reference
is selected, and 0-V to 5-V when an external 5-V reference is used.

analog input mode

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

Charge
Redistribution
DAC

: [
Ain(+) —ofo A Control
) Lon ro ——» ADC Code
. + ogic
|

REFM When sampling, S1is closed and S2 connects to Ain(-).
During conversion, S1is open and S2 connects to REFM.

Figure 6. Simplified Pseudodifferential Input Circuit

Pseudodifferential input refers to the negative input, Ain(-); its voltage is limited in magnitude to +0.2 V. The input
frequency limit of Ain(-) is the same as the positive input Ain(+). This mode is normally used for ground noise
rejection or dc bias offset.

When pseudodifferential mode is selected, only two analog input channel pairs are available for the TLC3544
and four channel pairs for the TLC3548, because half the inputs are used as the negative input (see Figure 7).
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS
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analog input mode (continued)

Single Ended Pseudodifferential
x8t |xaf x8t x4t
A0 |AO AO(+)| Pair A | AO(+)|Pair A
Al | Al Al(-) Al(-)
A2 |A2 A2(+)[Pair B | A2(+)[Pair B
A3 | A3 A3(-) A3(-)
A4 | X A4(+)|Pair C
A5 | X A5(-)
A6 | X A6(+) | Pair D
A7 | X A7(5)
TTLC3548
+TLC3544

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

reference voltage

There is a built-in 4-V reference. If the internal reference is used, REFP is internally set to 4-V and REFM is set
to 0-V. The external reference can be applied to the reference-input pins (REFP and REFM) if programmed (see
Table 2). The REFM pin should connect to analog ground. REFP can be 3-V to 5-V. Install decoupling capacitors
(10 pF in parallel with 0.1 pF) between REFP and REFM. Install compensation capacitors (10 pF in parallel with
0.1 pF for internal reference, 0.1 uF only for external reference) between BGAP and AGND.
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detailed description (continued)

ideal conversion characteristics

Digital Output Code

2s Complement Binary
BTC UsB

01111111111111 11111111111111
01111111111110 11111111111110
01111111111101 11111111111101
00000000000001  10000000000001
00000000000000  10000000000000
11111111111111 01111111111111
10000000000010  00000000000010
10000000000001  00000000000001
10000000000000  00000000000000

VREFM =Vzs=0V

data format

]

1999878V | 2.000122V

122 pv
VMs = (VFs +Vzs)2=2V

244 uv
488 pv

Unipolar Analog Input Voltage

16383
16382
16381

8193 )
n

8192

8191

VREFP =VFs =4V

VFS —1LSB =3.999756 V

3.999512 vV

1LSB =244 pv

INPUT DATA FORMAT (BINARY) OUTPUT DATA FORMAT READ CONVERSION/FIFO
MSB LSB MSB LSB
ID[15:12] ID[11:0] OD[15:2] ODJ[1:0]
Command Configuration data field or filled with zeros Conversion result Don'’t Care
14-BIT

Unipolar Straight Binary Output: (USB)

Zero-scale code = Vzg = 0000h, Veode = VREFM

Mid-scale code = Vg = 2000h, V¢ode = VREFP/2

Full-scale code = Vgg = 3FFFh, Veode = VREFT — 1 LSB
Unlpolar Input, Binary 2's Complement Output: (BTC)
Zero-scale code = Vzg = 2000 h, Vcode = VREEM

Mid-scale code = Vg = 0000h, V¢ode = (VREEP — VREEM)/2
Full-scale code = Vg = 1FFFh, Veode = VREFP — 1 LSB

16
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ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS
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detailed description (continued)

operation description

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

device initialization

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

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

Software Programmed Mode: Programmed. When the converter has to be configured, the host must write
AO00Oh into the converter first after power on, then perform the WRITE CFR operation to configure the device.

start of operation cycle

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

The operation cycle is initiated by the falling edge of CS or the rising edge of FS.

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

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

After the initiation, the remaining SDI data bits (if any) are shifted in and the remaining bits of SDO (if any) are
shifted out at the rising edge of SCLK. The input data are latched at the falling edge of SCLK, and the output
data are valid before this falling edge of SCLK. After the 4-bit counter reaches 16, the SDO goes to a
high-impedance state. The output data from SDO is the previous conversion result in one shot conversion
mode, or the contents in the top of the FIFO when the FIFO is used (refer to Figure 21).
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detailed description (continued)

command period

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

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

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

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

Table 1. Command Set (CMR)

SDI Bit D[15:12]

BINARY HEX TLC3548 COMMAND TLC3544 COMMAND
0000b Oh SELECT analog input channel O SELECT analog input channel 0
0001b 1h SELECT analog input channel 1 SELECT analog input channel 1
0010b 2h SELECT analog input channel 2 SELECT analog input channel 2
0011b 3h SELECT analog input channel 3 SELECT analog input channel 3
0100b 4h SELECT analog input channel 4 SELECT analog input channel 0
0101b 5h SELECT analog input channel 5 SELECT analog input channel 1
0110b 6h SELECT analog input channel 6 SELECT analog input channel 2
0111b 7h SELECT analog input channel 7 SELECT analog input channel 3
1000b 8h SW POWER DOWN
1001b 9h Reserved (test)
1010b Ah WRITE CFR, the last 12 bits of SDI are written into CFR. This command resets FIFO.
1011b Bh SELECT TEST, voltage = (REFP+REFM)/2 (see Notes 9 and 10)
1100b Ch SELECT TEST, voltage = REFM (see Note 11)
1101b Dh SELECT TEST, voltage = REFP (see Note 12)
1110b Eh FIFO READ, FIFO contents is shown on SDO; OD[15:2] = result, OD[1:0] = xx
1111b Fh Hardware default mode, CFR is loaded with 800h

NOTES: 9. REFP is external reference if external reference is selected, or internal reference if internal reference
is programmed.
10. The output code = mid-scale code + zero offset error + gain error.
11. The output code = zero scale code + zero offset error.
12. The output code = full-scale code + gain error.
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detailed description (continued)

Table 2. Configuration Register (CFR) Bit Definition

00: Full (INT generated after FIF

O 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)

SDI BIT DEFINITION

D11 Reference select:
0: Internal (4 V) 1: External

D10 Conversion output code format select:
0: USB (unipolar straight binary) 1: Binary 2s complement

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

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

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

Pin Configuration of TLC3548 Pin Configuration of TLC3544
Pin No. Single-ended | Pseudodifferential polarity Pin No. Single-ended | Pseudodifferential polarity
9 AO PLUS Pair A 9 A0 PLUS Pair A
10 Al MINUS 10 Al MINUS
11 A2 PLUS Pair B 11 A2 PLUS Pair B
12 A3 MINUS 12 A3 MINUS
13 A4 PLUS Pair C
14 A5 MINUS
15 A6 PLUS Pair D
16 A7 MINUS
D[6:5] [ Conversion mode select:
00: One shot mode
01: Repeat mode
10: Sweep mode
11: Repeat sweep mode
D[4:3] | Sweep auto sequence select (Note: These bits only take effect in conversion mode 10 and 11.)
TLC3548 TLC3544

Single ended(by ch) Pseudodifferential (by pair) Single ended (by ch) Pseudodifferential (by pair)
00: 0-1-2—-3-4-5-6-7 00: N/A 00: 0-1-2-3-0-1-2-3 00: N/A
01: 0-2-4-6-0-2—4-6 01: A-B-C-D-A-B-C-D 01: 0-2-0-2-0-2-0-2 01: A-B-A-B-A-B-A-B
10: 0-0-2—-2-4-4-6-6 10: A~A-B-B-C-C-D-D 10: 0-0-1-1-2—2-3-3 10: N/A
11: 0-2-0-2-0-2-0-2 11: A-B-A-B-A-B-A-B 11: 0-0-0-0-2-2-2-2 11: A-A-A-A-B-B-B-B

D2 EOCI/INT pin function select:
0: Pin used as INT 1: Pin used as EOC ( for mode 00 only)

D[1:0] FIFO trigger level (sweep sequence length). Don't care in one shot mode.

sampling period

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

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

Normal Long Sampling Mode: This mode is the same as normal short sampling, except that it lasts 44 SCLK
periods.

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

conversion period

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

The conversion takes 18 conversion clocks plus 15 ns. The conversion clock source can be an internal oscillator,
OSC, or an external clock, SCLK. The conversion clock is equal to the internal OSC if the internal clock is used,
or equal to SCLK/4 when the external clock is programmed. To avoid premature termination of the conversion,
enough time for the conversion must be allowed between consecutive triggers. EOC goes low at the beginning
of the conversion period and goes high at the end of the conversion period. INT goes low at the end of this period.

conversion mode

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

One Shot Mode (Mode 00): Each operation cycle performs one sampling and one conversion for the selected
channel. The FIFO is notused. When EOC is selected, it is generated while the conversion period is in progress.
Otherwise, INT is generated after the conversion is done. The result is output through the SDO pin during the
next select/conversion operation.

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

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

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

The memory effect of charge redistribution DAC exists when the mux switches from one channel to another.
This degrades the channel-to-channel isolation if the channel changes after each conversion. For example, in
mode 10 and 11, the isolation is about 70 dB for the sweep sequence 0-1-2-3-4 (refer to Figure 8). The memory
effect can be reduced by increasing the sampling time or using the sweep sequence 0-0-2-2-4-4-6-6 and
ignoring the first sample of each channel. Figure 8 shows the typical isolation vs throughput rate when applying
asine signal (35 kHz, 3.5 Vp_p) on CHO and dc on CH1 converting both channels alternately and measuring the
attenuation of the sine wave in CH1.

CHANNEL-TO-CHANNEL ISOLATION

VS
THROUGHPUT
100
9
80 ~

70 | \\

Channel-to-Channel Isoltaion —dB

60

0 50 100 150 200
Throughput — KSPS

Figure 8
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operation cycle timing

TS Initiates 12 SCLKs for Short 18 OSC for Internal OSCT
o B 4 SCLKs 44 SCLKs for Long 72 SCLK for External Clock 15ns
peration
t(setup)T | t(sample) t(convert) t(overhead)
_______________ -

SDI | 4-bit Command]: 12-bit CFR Data (Optional) |
_——————_— e ————_——
r—m———-—-—-—--y——-—-- =

SDO | 14-bit Data (Previous Conversiorﬂ:zbit Don't Care |
e e e e — —— — — — — — —— — — — — —

* Active CS (FS Is Tied to High) *
CSTAR (For Extended Sampling) occurs at
or after the rising edge of eleventh SCLK
12 SCLKs for Short 18 OSC for Internal OSC
t—-CSLto FSL 4 SCLKs 44 SCLKs for Long 72 SCLK for External Clock  15nS
| t(delay)T | t(setup)T | t(sample) t(convert) | t(overhead) |
_______________ -
SDI | 4-bit Command I 12-bit CFR Data (Optional) |
e e e e ———— e ——— — — — — — — — —
r _______________ =
SDO | 14-bit Data (Previous Conversion-z[z-bit Don't Care |
FS Initiates g S
Operation Active CS (CS Can Be Tied to Low) T
Active ES CSTAR (For Extended Sampling) occurs at

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

After the operation is finished, the host has several choices. Table 3 summarizes operation options.
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operation cycle timing (continued)

Table 3. Operation Options

CONVERSION IS INITIATED BY
MODE cs FS CSTART

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

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

3. Reconfigure the device.

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

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

conversion (old data lost) conversion (old data lost) with existing setting.

. Configure device again. 3. Configure device again. 3. Configure device again.

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

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

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

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

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

setting. setting. setting. (old data lost)

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

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

operation timing diagrams

The FIFO read and write CFR are nonconversion operations. The conversion operation performs one of four
types of conversion: mode 00, 01, 10, and 11

Write Cycle (WRITE CFR Command): Write cycle does not generate EOC or INT, nor does it carry out any
conversion.

OR

EOC

SDO

‘ | s W
- ‘ ‘ O 4 [
i ; 1)) i ‘
h ‘ ! L ! {C l \ |
‘ )) | )) |
L
ID15 X1D14 X ID13X1D12 X ID11X ID10 D4 X D3 X D2 X D1 ) D15
/X 1015 \ip14) ip13jin12 K ip11X D10k 109 ;. X 1D4 X 103 X D2 X 101 X_IDO) % X )
| \ « («
\ \
| ‘ L ‘ Iq¢ ‘
| ! )) ))
\ | | |
! ! ( Hi-Z |
< ‘ 7 ———
Note:- - - - Signal May Not Exist.
(/7] Don't Care

Figure 9. Write Cycle, FS Initiates Operation
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operation timing diagrams (continued)

|
2

sDI D15 fip14 N1p13 kio12 A b1 Xipo K ibe K (X 104 A 103 X 102 X D1 X 1bo X{

(¢ (
T )

‘/«\_~\‘A

{( ((
)]

|
|
|
| 4 Hi-Z
SDO ‘( Y M
))
Note:- - - - Signal May Not Exist.

/71 Don't Care
Figure 10. Write Cycle, CS Initiates Operation, FS =1

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

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

SCLK ra rAnory rnoororA
IR U R N R V(R W R
)] ‘

|| \
CS || \ ( ( / X \
‘ ‘ ‘ (( (( ‘ ((
FS = ngh ‘ ‘ ‘ )] )] ‘ )]
| | (¢ (( | (( |
SDI X ID15 |013‘ /:{’(‘/ /‘,}/:/ / /‘:: ”X D15
W 1 1 } {J(J (J(J 1 (J(J i
OR ! ! ! (( (( 1 (( |
EOC i i | )) )) i )) i
\
Hi-Z
I = o G o oo o ) G 0 0 0 /7 e e oo

Notes: - = - = Signal May Not Exist.
OD[15:2] is FIFO Contents.

¥/ A Don't Care
Figure 11. FIFO Read Cycle, CS Initiates Operation, FS =1
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conversion operation

48 SCLKs for Long Sampling
z 16 SCLKs for Short Sampling

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

rNora rvo A e ry raorn
‘ ‘ [\_/'\_/'\_/'\_/'”‘c‘\/_\_/_\

Cs \ ] ( / k

FSin High ‘

Select Channel ‘ ‘ | ‘

L ! L(

sol 7777 o X o omXm)lZ 9 5

))
(( |
)]

! Y B

[
? |
| YsAmPLE * t
‘ ((( ) J (conv) ‘
EOC W _ _ 7 \ ( / \
OR ‘ Previous Conversion Result )7 s ‘
SDbo (o5 Xop14X op13) 012 ook opigf ops X X ovs X ops X o002 XA/ )5S ' r{oozs)
'\ SDO goes to Hi-Z After 16th SCLK

= = = The dotted line means signal may or may not exist.
OD[15:2] is the result of previous conversion.

tZ2 pon't care
Figure 12. Mode 00, CS Initiates Operation

48 SCLKs for Long Sampling
16 SCLKs for Short Sampling

‘ Select Channel

SNINII% (B0 T (50 (58 % ) 77,

o % l ‘(’; | (( ‘
INT | | ’ \ ’ — \
OR t——————— tsavpLE) e tconv) ———»
\ | [ | (« |
EOC | | X \ / § |
\ Previous Conversion Result SDO Goes Through Hi-Z After 16 SCLK \ \ \
sbo consYonz (oo oo X /X H2 4 } Ep

= = = The dotted line means signal may or may not exist.
ODJ[15:2] is the result of previous conversion.

7/ Dont Care
Figure 13. Mode 00, FS Initiates Operation

{'} TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 25



TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

conversion operation (continued)

Select Channel Select Channel
16 SCLK 16 SCLK
CS Tied to Low ¢ » I‘_"_ t(salmple) | [ | .
T 1 —  — |
CSTART R | “—7 L/ \

| Possible | || | | | |
FS I—I ! IS'Qn\al | t(convert) ! ! ! |
Ll L1 | I

L\ ol

|

|

}
SDI % @ AN /)i@(/

J

|

o I N |

T i | l|----% W | —

R | RN o |
1 l | L L 1

EOC I w4 S 4 T A

OR Previous Conversion Result Data Lost Conversion Result
Hi-z | Hi-Z ) HiZ
SDO |\

- - - Possible Signal
**  Select Channel

77 Don't Care
Figure 14. Mode 00, CSTART Triggers Sampling/Conversion, FS Initiates Select

T N o VD A VR A o G VY 2. WY A Y o U A U &

-- 4 --t

Fs ]l | I ) n__ . 1 N ) n
|
SelectCHL  opectAny ! [ Selectchz  SEEATY |
so1 27X X2 XX
)
. | DATAL of CH1 DATA2 of CH1 I DATAL of CH2 DATA2 of CH2
SDO / \ I / ) ( ( ( 7 7
\ / m 1v4FFOFULL! I ) U4 FIFO FULL |
T N " N
INT )Y
A Don't Care —/ N
- - -  Possible Signal MODE 01, FS Activates Conversion, FIFO Threshold = 1/4 Full
- — WRITE CFR Read FIFO After Threshold Is Hit
— Select Channel
*  _— FIFO Read

Figure 15. Mode 01, FS Initiates Operations

cs .\ [\ [ .

1
T
I
I |
FS Il ] I I I ( L1l ]
| )
{0 |
CSTART | A Y A " | W A W A
Select CH1 ! Select CH2 |
sol ZX = X2 14 XA N 7 Oz
Hi-Z | DATAL of CH1 DATA2 of CH1 | DATAL of CH2 DATA2 of CH2
sSDO V) ) m [ ) ( ( ( 7 ) E
\ / 1/4 FIFO FUtl.I \ H /I\ 1/4 FIFO FU\L‘L —
T _/ __/
V71 Don'tCare
- Possible Signal MODE 01, FS Initiates Select Period, CSTART Activates Conversion, FIFO Threshold = 1/4 Full,
*** — WRITE CFR Read FIFO After Threshold Is Hit
**  — Select Channel
* — FIFO Read

Figure 16. Mode 01, CSTART Triggers Samplings/Conversions
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conversion operation (continued)

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

ﬁm_ﬂ\_/?\/‘\/f\\{\i_{\\{\\{\/f\_/?\/‘.\/f‘r\[
FS_hl | | N | hlhlhlhll‘ll’l n__n_1n

o AN N AN AN AN AN AN AN A DN AN AR
| |

l R R S S
Nt T T 11 V_
| T

Hi-Z
sbo —{/ I CH( CH e,
1st Sweep ‘ ‘ ‘ 2nd Sweep \
‘ ‘ ‘ ‘ Using Existing
[”] Don'tCare Configuration ‘
1st FIFO Read 2nd FIFO Read

***  Command = Configure Write for Mode 10, FIFO

Threshold = 1/2 Full, Sweep Sequence: 0-1-2-3 Read FIFO After FIFO Threshold Is Hit
**  COMMAND = Select Any Channel
* COMMAND = Read FIFO

Figure 17. Mode 10, FS Initiates Operations

CS Tied Configure Conversion Conversion Conversion Conversion
| | From CHO From CH2 | | From CHO From CH2

to Low —t T ‘
L1 n__

Fs _JLIU

Hi-Z
SDO —@ | CHO CHO cHY /}— CHOQ
| \ 1st Sweep | 2nd Sweep |
Using Existing
Configuration
Z Don't Care 1st FIFO Read 2nd FIFO Read
**  Command = Configure Write for Mode 10, FIFO Read FIFO After FIFO Threshold Is Hit, FS Initiates Select Period

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

Figure 18. Mode 10, CSTART Initiates Operations

Configure Conversion Conversion Conversion Conversion Conversion
From CHO From CH3  From CHO From CH3 From CHO
cs Ly—\_r\_r\_r\_ﬁ'\_r\_/-\_r\_ﬁ-\_r\_\rr\_r\_)—\_/
‘ | START 2nd Round SWEEP CONVER‘SION,‘ | | ‘ |
ES=High | | | | the DATA of the 1stRound AreLdst | | | | | |
|| \ \

*kk *% *% *% *% *% *% *x N/ *% ‘ * 'V N o« * * *%
SDI XXX WN YA XX U 9 )qa A
INT ‘

| | N ]
_@1 My 1@4&5—@_@7
| B |

SDO
) READ the DATA of 2nd
A Don't Care Sweep From FIFO

**  Command = Configure Write for Mode 11, FIFO

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

Figure 19. Mode 11, CS Initiates Operations
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conversion operation (continued)

Configure  Conversion Conversion Conversion Conversion
From CHO From CH2 From CHO From CH2
(o= I N i W i W it S
|| \ \ } R } }
| In | ‘ﬂ_ﬂ f
Ps L] [N | I .
CSTART N N e N e N e A N W W
| | I
| |

|
o ZFX 4 6 2 R R V0 D S
i AV

N =1 T T T
SDO _}@ 1st SWEEP = ‘ ‘ 2% REPEAT } =

1st FIFO Read 2nd FIFO Read

Y/ Don'tCare

***  Command = Configure Write for Mode 11, FIFO
Threshold = 1/2 Full, Sweep Sequence: 0-0-2-2

**  COMMAND = Select Any Channel

* COMMAND = Read FIFO

Read FIFO After 1st SWEEP Completed

- - - Possible Signal

Figure 20. Mode 11, CSTART Triggers Samplings/Conversions

conversion clock and conversion speed

The conversion clock source can be the internal OSC, or the external clock SCLK. When the external clock is
used, the conversion clock is equal to SCLK/4. It takes 18 conversion clocks plus 15 ns to finish the conversion.
Ifthe external clock is selected, the conversion time (notincluding sampling time) is 18X (4/fgc k)+15ns. Table 4
shows the maximum conversion rate (including sampling time) when the analog input source resistor is 1 kQ.

Table 4. Maximum Conversion Rate

MAX SCLK CONVERSION RATE
DEVICE SAMPLING MODE CONVERSION CLK (MH2) TIME (us) (KSPS)

Short (16 SCLK) External SCLK/4 10 8.815 113.4
TLC3544/48 Long (48 SCLK) External SCLK/4 25 4.815 207.7

(Rs =1000) Short (16 SCLK) Internal 6.5 MHz 10 4.385 228
Long (48 SCLK) Internal 6.5 MHz 25 4.705 212.5

FIFO operation
SeriaL
x8 »| SOD
FIFO

\ 4
]
o

ADC 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 21. FIFO Structure
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FIFO operation (continued)

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

Powerdown: The device has two 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 1.8 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 for use
between cycles. An active CS, FS, or CSTART resumes the device from power-down state. The power current
is 20 pA when an external reference is programmed and SCLK stops.

Software Power-Down Mode: Writing 8000h to the device puts the device into the software power-down state,
and the entire chip (including the built-in reference) is powered down. The power current is reduced to about
20 pA if SCLK stops. Deselect CS to save power once the device is in the software power-down mode. 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.

The configuration register is not affected by any of the power-down modes but the sweep operation sequence
must be started over again. All FIFO contents are retained in both power-down modes.
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TYPICAL CHARACTERISTICS
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Figure 22
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE

SUPPLY CURRENT AT
SOFTWARE POWER-DOWN
Vs
FREE-AIR TEMPERATURE

45 T g_ 30 T T
External Reference =4V L Internal Reference =4V
AVpp =5V g AVpp=5V
4.4 |- CS=DGND e 25 |- SCLK = OFF
Internal OSC 5] All Digital Input = DGND
E / % or DVpp
1 43 o 20
= £
O 42 / & 15 /
> / ]
P —
(?) 4.1 E 10 /
| : =] /
O > /
g -
4.0 =] 5
a
I
]
O
3.9 - 0
—65 -35 -5 25 55 85 -65 -35 -5 25 55 85
Tp — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
Figure 31 Figure 32
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4.0 T T
< External Reference =4V
| AVpp=5V
g SCLK = OFF
8 3.5 I All Digital Input = DGND
5 or DVpp
2
e
IS 3.0
o}
<
kS
€
o 25
5
O
>
=3
S 20
D
I
0
O
15
—65 -35 -5 25 55 85
Tp — Free-Air Temperature — °C
Figure 33
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TLC3544, TLC3548
5-V ANALOG, 3-/5-V DIGITAL, 14-BIT, 200-KSPS, 4-/8-CHANNELS SERIAL
ANALOG-TO-DIGITAL CONVERTERS WITH 0-5 V (PSEUDODIFFERENTIAL) INPUTS

SLAS266C — OCTOBER 2000 — REVISED MAY 2003

APPLICATION INFORMATION

interface with host

Figure 34 shows examples of the interface between a single converter and a host DSP (TMS320C54x[] DSP)
or microprocessor. The C54xis setas FWID =1 (active pulse width = 1CLK), (R/X) DATDLY =1 (1 bitdata delay),
CLK(X/R)P = 0 (transmit data are clocked out at rising edge of CLK, receive data are sampled on falling edge
of CLK), and FS(X/R)P =1 (FS is active high). If multiple converters connect to the same C54x, use CS as the
chip select.

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

VDD VDD
10kQ 10kQ 10 kQ
TMS320C54X Converter Host Converter
FSR o3 Microprocessi .
_[7 SS »1CsS
FSX > FS
Al FS Al
DX »1 SDI In In
< MOSI » SDI <
DR [« SDO
MISO |« SDO
CLKR 4—l
CLKX »1 SCLK SCK » SCLK
IRQ f¢———o—] INT/EOC IRQ |[¢——e——] INT/EOC
Single Converter Connects to DSP Converter Connects to Microprocessor

Figure 34. Typical Interface to Host DSP and Microprocessor
sampling time analysis

Figure 35 shows the equivalent analog input circuit of the converter. During the sampling, the input capacitor,
C;, has to be charged to V¢, (V¢ = Vg * voltage of 1/4 LSB = Vg * [V4/65532] for 14 bit converter).

t(s) = Rt X Cj x In (65532) where R; = Rg+rj, t(s) = Sampling time

Driving Source Data Converter

«— —
Vs Rs Vi ri Ve
Rg = Source Resistance
Ci ri = Equivalent Resistor of Mux., 1.5 kQ

C| = Input Capacitance, 30 pF Max.

|

\

\

\

‘ V| = Input Voltage at AIN

‘ Vg = External Driving Source Voltage
|

\

} V¢ = Capacitance Charging Voltage

|

Figure 35. Equivalent Input Circuit Including the Driving Source

TMS320C54x is a trademark of Texas Instruments.
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H PACKAGE OPTION ADDENDUM

/|
INSTRUMENTS

www.ti.com 15-Apr-2017

PACKAGING INFORMATION

rderable Device tatus Package Type Package Pins Package co Plan ead/Ball Finis eak Temp p Temp evice Marking amples
Orderable Devi S Pack T Pack Pi Pack Eco PI Lead/Ball Finish MSL Peak T Op T °C Device Marki S |
@ Drawing Qty 0) (6) ®3) (4/5)
TLC3544CDW ACTIVE SolIC DW 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3544 Samples
& no Sh/Br) a =
TLC3544CPW ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3544 Samples
& no Sh/Br) a =
TLC3544CPWG4 ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 TLC3544 Samples
& no Sh/Br) a =
TLC3544CPWR ACTIVE TSSOP PW 20 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 TLC3544
& no Sh/Br) s
TLC3544CPWRG4 ACTIVE TSSOP PW 20 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 TLC3544 Eamnles
& no Sh/Br) s
TLC3544I1DW ACTIVE SOIC DW 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3544I Eerore:
& no Sh/Br) e
TLC3544IDWG4 ACTIVE SOIC DW 20 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3544I ol
& no Sh/Br) i
TLC3544I1PW ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y3544 g e
& no Sh/Br)
TLC3544IPWG4 ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 Y3544 ol
& no Sh/Br) 23mp-2
TLC3548CDW ACTIVE SOIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3548 Samples
& no Sh/Br) - =
TLC3548CDWG4 ACTIVE SOIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3548
& no Sb/Br) = =
TLC3548CDWR ACTIVE SolIC DW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3548
& no Sh/Br) a =
TLC3548CDWRG4 ACTIVE SolIC DW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3548 Samples
& no Sh/Br) a =
TLC3548CPW ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR 0to 70 TLC3548 Samples
& no Sh/Br) a =
TLC3548CPWG4 ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR 0to 70 TLC3548
& no Sb/Br) - =
TLC3548CPWR ACTIVE TSSOP PW 24 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR Oto 70 TLC3548
& no Sh/Br) s
TLC3548CPWRG4 ACTIVE TSSOP PW 24 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR Oto 70 TLC3548 Samples
& no Sh/Br) - =

Addendum-Page 1



http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3544?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
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www.ti.com

PACKAGE OPTION ADDENDUM

15-Apr-2017

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (415)
TLC3548IDW ACTIVE soIc DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3548I
& no Sh/Br) =
TLC3548IDWR ACTIVE solIC DW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40t0 85 TLC3548I Samples
& no Sh/Br) =
TLC3548IDWRG4 ACTIVE solIC DW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 TLC3548I Samples
& no Sh/Br)
TLC3548IPW ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 Y3548
& no Sh/Br) =
TLC3548IPWG4 ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 Y3548 Samples
& no Sh/Br) =
TLC3548IPWR ACTIVE TSSOP PW 24 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 Y3548 Samples
& no Sh/Br) =

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that

lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

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

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a

of the previous line and the two combined represent the entire Device Marking for that device.

will appear on a device. If a line is indented then it is a continuation

Addendum-Page 2



http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLC3548?CMP=conv-poasamples#samplebuy
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http://www.ti.com/productcontent

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 15-Apr-2017

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

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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 4-Sep-2015
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ 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 QrSprocket 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)
TLC3544CPWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 16.0 Q1
TLC3548CDWR SoIC DW 24 2000 330.0 244 |10.75| 15.7 | 2.7 12.0 | 24.0 Q1
TLC3548CPWR TSSOP PW 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
TLC3548IDWR SOIC DwW 24 2000 330.0 24.4 10.75 | 15.7 2.7 12.0 | 240 Q1
TLC3548IPWR TSSOP PW 24 2000 330.0 16.4 6.95 | 83 1.6 8.0 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 4-Sep-2015
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC3544CPWR TSSOP PW 20 2000 367.0 367.0 38.0
TLC3548CDWR SoIC DW 24 2000 367.0 367.0 45.0
TLC3548CPWR TSSOP PW 24 2000 367.0 367.0 38.0
TLC3548IDWR SOIC DW 24 2000 367.0 367.0 45.0
TLC3548IPWR TSSOP PW 24 2000 367.0 367.0 38.0

Pack Materials-Page 2



DWO0020A

PACKAGE OUTLINE
SOIC - 2.65 mm max height

SOIC

10.63
9.97

W

TYP

@ PIN 11D

AREA

J
)
(=]

_ 18x[1.27]
() — ==
— ==-—
—] —
— —
130 [ — 2%
12.6 [11.43]
NOTES —
— —
— —
— —
it
10 ] i
- o 1112(»(0.51 —L
7.6 0.31 .65 MAX
8] 74 (@ Jo.250) [c|A[B]
NOTE 4

\

1

/'\ :

)

T

<\ SEE DETAIL A

E,

o
1

GAGE PLANE

0‘7-8"T+

1.27 L 92

" 040

DETAIL A
TYPICAL

4220724/A 05/2016

NOTES:

-

per ASME Y14.5M.

exceed 0.15 mm per side.

s W N

. Reference JEDEC registration MS-013.

. 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

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

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm per side.

i3 Texas

INSTRUMENTS

www.ti.com




EXAMPLE BOARD LAYOUT
DWO0020A SOIC - 2.65 mm max height

SOIC

20X (2)

A

N
o

20X (0.6)

-

:
il

18X (1.27)

JUoty

in0uD

(R0.05)
TYP

-
o

11

gl

|
|

LAND PATTERN EXAMPLE
SCALE:6X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING / METAL SOLDER MASK\\ / OPENING

(r L N ‘r- -\‘
| *| |:
)) — —y
*I‘* 0.07 MAX JL 0.07 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
4220724/A 05/2016

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
DWO0020A SOIC - 2.65 mm max height

SOIC

20X (0.6) L [j:

1

20X (2)

SYMM

11 ¢

|

|

18X (1.27) |

27 |

T—-E==3 |

|

) !

|

|

|

|

|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:6X

4220724/A 05/2016

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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MECHANICAL DATA

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

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

AAAAARRRARARR

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

JHHHEHOHHEH A

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

Index Area ‘%‘OOWO 025 ) @]

-

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

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

? Seating Plane

0.010 (0,25) of _

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

4040000-5/G 01/11

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

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

D

Falls within JEDEC MS—013 variation AD.
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MECHANICAL DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

/ N
A
| P o pJ 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.

i3 TEXAS
INSTRUMENTS

www.ti.com



MECHANICAL DATA

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

0,15 NOM /
4,50 6,60

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

EEEEREEREEE

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

4040064-6/G 02/

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

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

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

PW (R—PDSO—G24)

PLASTIC SMALL OUTLINE

Example Board Layout

—>| |<—22x0,65

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

/
. 0,07 /
N All Aroung/

.
S~ —

S e————

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

24x0,25

1AL

5,6

ARy

22x0,65

~1,55

4211284-4/G  08/15

NOTES: All linear dimensions are in millimeters.

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

Publication IPC—7351 is recommended for alternate design.

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

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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