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8-BIT HIGH-SPEED ANALOG-TO-DIGITAL CONVERTER

features PW OR NS PACKAGE
® 8-Bit Resolution (TOP VIEW)
® Differential Linearity Error OE[]1 o 24[] DGND
- 0.3 LSB Typ, +1 LSB Max (25°C) DGNDJ] 2 23|] REFB
- 1 LSB Max D1(LSB)[] 3 22|] REFBS
® Integral Linearity Error D2[] 4 21|] AGND
- +0.6 LSB, £0.75 LSB Max (25°C) D3[] 5 20[] AGND
- 11 LSB Max D4[] e 19]] ANALOG IN
® Maximum Conversion Rate of D5[] 7 18[] Vppa
40 Megasamples Per Second (MSPS) Max D6[] 8 17[] REFT
® Internal Sample and Hold Function D7[] o 16]] REFTS
® 5-V Single Supply Operation D8(MSB)[] 10 15]] Vppa
® |ow Power Consumption ...85 mW Typ Vppp [ 11 14[] Vppa
® Analog Input Bandwidth . ..>75 MHz Typ CLK[] 12 13[] Vppp
® Internal Reference Voltage Generators
applications
® Quadrature Amplitude Modulation (QAM) AVAILABLE OPTIONS
and Quadrature Phase Shift Keying (QPSK) PACKAGE
Demodulators TA TSSOP (PW) [  SOP (NS)
¢ Digital Television —0°C to 70°C | TLC5540CPW | TLC5540CNSLE
® Charge-Coupled Device (CCD) Scanners ~40°C 10 85°C | TLC55401PW | TLC5540INSLE
® Video Conferencing
® Digital Set-Top Box
® Digital Down Converters
® High-Speed Digital Signal Processor Front
End
description

The TLC5540 is a high-speed, 8-bit analog-to-digital converter (ADC) that converts at sampling rates up to 40
megasamples per second (MSPS). Using a semiflash architecture and CMOS process, the TLC5540 is able
to convert at high speeds while still maintaining low power consumption and cost. The analog input bandwidth
of 75 MHz (typ) makes this device an excellent choice for undersampling applications. Internal resistors are
provided to generate 2-V full-scale reference voltages from a 5-V supply, thereby reducing external
components. The digital outputs can be placed in a high impedance mode. The TLC5540 requires only a single
5-V supply for operation.

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. Products Copyright © 1995-2004, Texas Instruments Incorporated
conform to specifications per the terms of Texas Instruments standard warranty.
Production pi ing does not ily include testing of all parameters.
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functional block diagram
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schematics of inputs and outputs
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Terminal Functions
TERMINAL
lfe} DESCRIPTION
NAME NO.
AGND 20,21 Analog ground
ANALOG IN 19 | Analog input
CLK 12 | Clock input
DGND 2,24 Digital ground
D1-D8 3-10 O | Digital data out. D1:LSB, D8:MSB
OE 1 | Output enable. When OE =L, data is enabled. When OE = H, D1-D8 is high impedance.
VDDA 14,15, 18 Analog Vpp
VDDD 11, 13 Digital Vpp
REFB 23 | ADC reference voltage in (bottom)
REFBS 22 Reference voltage (bottom). When using the internal voltage divider to generate a nominal 2-V reference, the
REFBS terminal is shorted to the REFB terminal and the REFTS terminal is shorted to the REFT terminal (see
Figure 13 and Figure 14).
REFT 17 | Reference voltage in (top)
REFTS 16 Reference voltage (top). When using the internal voltage divider to generate a nominal 2-V reference, the
REFTS terminal is shorted to the REFT terminal and the REFBS terminal is shorted to the REFB terminal (see
Figure 13 and Figure 14).
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE, VDDA, VDD  « -+« vt vttt ettt e et e et e e e e e 7V
Reference voltage input range, VI(REFT)! VI(REFB)! VI(REFBS)! VI(REFTS) ................ AGND to Vppa
Analog input voltage range, VI(ANLG) - -« -« v errrnrmmie e AGND to Vppa
Digital input voltage range, Vi(DGTL) -« v v rvrrrnre e DGND to Vppp
Digital output voltage range, VO(DGTL) - -« -« « v rvrrrrnrnrei i DGND to Vppp
Operating free-air temperature range, Ta: TLC5540C ... ... . i e 0°C to 70°C
TS50l .o —40°C to 85°C

Storage temperature range, Tsig

................................................... —-55°C to 150°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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recommended operating conditions
MIN NOM MAX UNIT
Vppa-AGND 4.75 5 5.25
Supply voltage Vppp-AGND 4.75 5 5.25 v
AGND-DGND -100 0 100 mV
Reference input voltage (top), V|(REFT) VI(REFB)*1.8 V|(REFB)*+2 VDDA \%
Reference input voltage (bottom), V|(REFB) 0 0.6 V|(REFT)~1.8 \%
Analog input voltage range, V|(ANLG) (see Note 1) VI(REFB) VI(REFT) \%
Full scale voltage, V|(REFT) ~ VI(REFB) 1.8 5 \%
High-level input voltage, V|H 4 \%
Low-level input voltage, V|| 1 \%
Pulse duration, clock high, ty(H) 12,5 ns
Pulse duration, clock low, tyy(L) 12,5 ns
TLC5540C 0 70 °C
Operating free-air temperature, Ta
TLC5540I -40 85 °C

@ 1.8V < V|(REFT) - VI(REFB) < VDD
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electrical characteristics at V. pp =5V, V|RerT) = 2.6 V, V|(REFB) = 0.6 V, f5 = 40 MSPS, Tp = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT
Ta =25°C +0.6 +1
EL Linearity error, integral —
fg = 40 MSPS, Ta = MIN to MAX +1 LB
V|=06Vto26V Tp = 25°C +0.3 +0.75
Ep Linearity error, differential
Ta = MIN to MAX +1
Self bias (1), VRB Short REFB to REFBS 0.57 0.61 0.65
- See Figure 13
Self bias (1), VRT Short REFT to REFTS 2.47 2.63 2.80
\Y
Self bias (2), VRB Short REFB to AGND AGND
- See Figure 14
Self bias (2), VRT Short REFT to REFTS 2.18 2.29 2.4
Iref Reference-voltage current | Vi(REFT) ~ VI(REFB) =2V 5.2 7.5 12 mA
Rref Reference-voltage resistor | Between REFT and REFB terminals 165 270 350 Q
Cj Analog input capacitance VI(ANLG) = 1.5V +0.07 Vymg 4 pF
Ezs Zero-scale error -18 -43 -68
\Y -V =2V mV
EfFs Full-scale error I(REFT) = VI(REFB) -25 0 25
lIIH High-level input current Vpp =5.25V, VIH=VDD A
L Low-level input current Vpp =5.25V, ViL=0 "
loH High-level output current OE = GND, Vpp=4.75V, VoH=VpD-05V -15 A
loL Low-level output current OE = GND, Vpp=4.75V, VoL=04V 25
High-level _
lozH(lkg)  high-impedance-state OE =Vpp, Vpp = 5.25, VoH = VDD 16
output leakage current
HA
Low-level _
lozL(kg) high-impedance-state OE =Vpp, Vpp =4.75, VoL=0 16
output leakage current
fg =40 MSPS, C|_< 25 pF,
'DD Supply current NTSCH ramp wave input, See Note 1 7 21 mA

T Conditions marked MIN or MAX are as stated in recommended
operating conditions.
1 National Television System Committee
(1) Supply current specification does not include Iygf.
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operating characteristicsatV pp=5V,VrRT=2.6V,VRg = 0.6V, fg =40 MSPS, Tp = 25°C (unless
otherwise noted)

PARAMETER TEST CONDITIONST MIN  TYP MAX | UNIT
fs Maximum conversion rate Ta = MIN to MAX 40 MSPS
fs Minimum conversion rate Ta = MIN to MAX 5 MSPS
BW Analog input full-power bandwidth At-3dB, V|(ANLG) = 2 Vpp 75 MHz
tpd Delay time, digital output CL <10 pF (see Note 2) 9 15 ns
tPHZ Disable time, output high to Hi-Z CL <15pF, loH=-45mA 20 ns
tpLz Disable time, output low to Hi-Z CL <15pF, loL=5mA 20 ns
tpzH Enable time, Hi-Z to output high CL <15pF, loH=-45mA 15 ns
tpzL Enable time, Hi-Z to output low CL <15pF, loL=5mA 15 ns

Differential gain NTSC 40 IRE¥ modulation wave, 1%

Differential phase fs = 14.3 MSPS 0.7 degrees
tad Aperture jitter time 30 ps
td(s) Sampling delay time 4 ns

fil=1 MHz 47
fl =3 MHz 44 47
fg =20 MSPS
fi =6 MHz 46
SNR Signal-to-noise ratio fi =10 MHz 45 dB
fl =3 MHz 45.2
fg = 40 MSPS fi =6 MHz 42 44
fi =10 MHz 42
fl=1MHz 7.64
fl =3 MHz 7.61
fg =20 MSPS
fi =6 MHz 7.47
ENOB  Effective number of bits Bits
fi =10 MHz 7.16
fl =3 MHz 7
fg = 40 MSPS
fi =6 MHz 6.8
fl=1MHz 43
fl =3 MHz 35 42
fg =20 MSPS
fi =6 MHz 41
THD Total harmonic distortion dBc
fi =10 MHz 38
fi =3 MHz 40
fg = 40 MSPS
fi =6 MHz 38
fg =20 MSPS 41 46
Spurious-free dynamic range fi =3 MHz dBc
fg = 40 MSPS 42

T Conditions marked MIN or MAX are as stated in recommended operating conditions.
¥ Institute of Radio Engineers
(2 c|_includes probe and jig capacitance.
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PARAMETER MEASUREMENT INFORMATION
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Figure 1. 1/0 Timing Diagram
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Figure 2. 1/0 Timing Diagram
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

grounding and power supply considerations

A signal ground is a low-impedance path for current to return to the source. Inside the TLC5540 A/D converter,
the analog ground and digital ground are connected to each other through the substrate, which has a very small
resistance (~30 Q) to prevent internal latch-up. For this reason, it is strongly recommended that a printed circuit
board (PCB) of at least 4 layers be used with the TLC5540 and the converter DGND and AGND pins be
connected directly to the analog ground plane to avoid a ground loop. Figure 11 shows the recommended
decoupling and grounding scheme for laying out a multilayer PC board with the TLC5540. This scheme ensures
that the impedance connection between AGND and DGND is minimized so that their potential difference is
negligible and noise source caused by digital switching current is eliminated.

TLC5540

VDDD GND VDDA AGND
11 13 24 2 14 15 18 20 21

] ﬁd U o
!

Signal Plane

@ Analog Ground Plane

Digital Supply Plane ® ® Analog Supply Plane

Signal Plane

Figure 11. AV pp, DVpp, AGND, and DGND Connections

printed circuit board (PCB) layout considerations

When designing a circuit that includes high-speed digital and precision analog signals such as a high speed
ADC, PCB layout is a key component to achieving the desired performance. The following recommendations
should be considered during the prototyping and PCB design phase:

Separate analog and digital circuitry physically to help eliminate capacitive coupling and crosstalk. When
separate analog and digital ground planes are used, the digital ground and power planes should be several
layers from the analog signals and power plane to avoid capacitive coupling.

Full ground planes should be used. Do not use individual etches to return analog and digital currents or
partial ground planes. For prototyping, breadboards should be constructed with copper clad boards to
maximize ground plane.

The conversion clock, CLK, should be terminated properly to reduce overshoot and ringing. Any jitter on
the conversion clock degrades ADC performance. A high-speed CMOS buffer such as a 74ACT04 or
74AC04 positioned close to the CLK terminal can improve performance.

Minimize all etch runs as much as possible by placing components very close together. It also proves
beneficial to place the ADC in a corner of the PCB nearest to the 1/0 connector analog terminals.

It is recommended to place the digital output data latch (if used) as close to the TLC5540 as possible to
minimize capacitive loading. If DO through D7 must drive large capacitive loads, internal ADC noise may
be experienced.

10
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PRINCIPLES OF OPERATION

functional description

The TLC5540 uses a modified semiflash architecture as shown in the functional block diagram. The four most
significant bits (MSBs) of every output conversion result are produced by the upper comparator block CB1. The
four least significant bits (LSBs) of each alternate output conversion result are produced by the lower
comparator blocks CB-A and CB-B in turn (see Figure 12).

The reference voltage that is applied to the lower comparator resistor string is one sixteenth of the amplitude
of the refence applied to the upper comparator resistor string. The sampling comparators of the lower
comparator block require more time to sample the lower voltages of the reference and residual input voltage.
By applying the residual input voltage to alternate lower comparator blocks, each comparator block has twice
as much time to sample and convert as would be the case if only one lower comparator block were used.

Vi) Vi) \[©) Vi(4)
ANALOG IN |

(Sampling Points) | |
| | | !
CLK1 | CLK2 ! CLK3 | CLK4 |

CLK (Clock) v 2+
I I | I

Upper Comparators Block (CB1) S(1) Cl) | S@2) | C2 | s®B C@3) | s@4) C(4)
I I I I I

Upper Data

Lower Reference Voltage

Lower Comparators Block (CB-A)

Lower Data (A)

Lower Comparators Block (CB-B)

Lower Data (B)

D1-D8 (Data Output)

X

UD(0) X UD(L) ):( uD(2) ):( UD@3)

R

:>K RV(1) RV(3) )K:
| | | ! | | | ! |
| | | | | | | | |
S(1) H(1) C@) | s H(3) C@3)
[ [
* LD(-1) X LD(1) *
1 1 T 1T
| | | | | |
H(0) C0O) | S H(2) C@) | s@ H(4)
! | |
| L .
LD(-2) X LD(0) )l( LD(2)
| I | | I
tpd ¥ |€— I I |

X out(-2) X OUT(-1)

|
X out X outw

Figure 12. Internal Functional Timing Diagram

X

This conversion scheme, which reduces the required sampling comparators by 30 percent compared to
standard semiflash architectures, achieves significantly higher sample rates than the conventional semiflash

conversion method.

11
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PRINCIPLES OF OPERATION

functional description (continued)

The MSB comparator block converts on the falling edge of each applied clock cycle. The LSB comparator blocks
CB-A and CB-B convert on the falling edges of the first and second following clock cycles, respectively. The
timing diagram of the conversion algorithm is shown in Figure 12.

analog input operation

The analog input stage to the TLC5540 is a chopper-stabilized comparator and is equivalently shown below:

2
S2 ¢
01
VDDA O O I To Encoder Logic
e—O Cs 02
S3
.
° 01
ANALOG IN &—O ol
S1 \O—| To Encoder Logic
—0
Vref(N) ¢ Cs SN 02
° 01
.
I To Encoder Logic
Cs

Figure 13. External Connections for Using the Internal Reference Resistor Divider

Figure 13 depicts the analog input for the TLC5540. The switches shown are controlled by two internal clocks,
01 and ¢2. These are nonoverlapping clocks that are generated from the CLK input. During the sampling period,
01, S1is closed and the input signal is applied to one side of the sampling capacitor, Cg. Also during the sampling
period, S2 through S(N) are closed. This sets the comparator input to approximately 2.5 V. The delta voltage
is developed across Cg. During the comparison phase, ¢2, S1 is switched to the appropriate reference voltage
for the bit value N. S2 is opened and Vief(n) — VCs toggles the comparator output to the appropriate digital 1 or
0. The small resistance values for the switch, S1, and small value of the sampling capacitor combine to produce
the wide analog input bandwidth of the TLC5540. The source impedance driving the analog input of the
TLC5540 should be less than 100 Q across the range of input frequency spectrum.

reference inputs — REFB, REFT, REFBS, REFTS

The range of analog inputs that can be converted are determined by REFB and REFT, REFT being the
maximum reference voltage and REFB being the minimum reference voltage. The TLC5540 is tested with
REFT = 2.6 V and REFB = 0.6 V producing a 2-V full-scale range. The TLC5540 can operate with
REFT - REFB = 5V, but the power dissipation in the reference resistor increases significantly (93 mwW
nominally). It is recommended that a 0.1 puF capacitor be attached to REFB and REFT whether using externally
or internally generated voltages.

12
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PRINCIPLES OF OPERATION

internal reference voltage conversion

Three internal resistors allow the device to generate an internal reference voltage. These resistors are brought
out on terminals Vppa, REFTS, REFT, REFB, REFBS, and AGND. Two different bias voltages are possible
without the use of external resistors.

Internal resistors are provided to develop REFT = 2.6 V and REFB = 0.6 V (bias option one) with only two
external connections. This is developed with a 3-resistor network connected to Vppa. When using this feature,
connect REFT to REFTS and connect REFB to REFBS. For applications where the variance associated with
Vppa is acceptable, this internal voltage reference saves space and cost (see Figure 14).

A second internal bias option (bias two option) is shown in Figure 15. Using this scheme REFB = AGND and
REFT = 2.28 V nominal. These bias voltage options can be used to provide the values listed in the following
table.

Table 1. Bias Voltage Options

BIAS VOLTAGE
BIAS OPTION
VRB VRT VRT - VRB
1 0.61 2.63 2.02
2 AGND 2.28 2.28

To use the internally-generated reference voltage, terminal connections should be made as shown in
Figure 14 or Figure 15. The connections in Figure 14 provide the standard video 2-V reference.

TLC5540
VDDA 18
5V (Analog
R1
320 QNOM
REFTS 16
J
04 uF 17 263Vvde
. REFT
I Rref
= 270 Q NOM
REFB | 23
0.61Vdc
22
0.1pF I REFBS =2
= 80 Q NOM
AGND | 21

Figure 14. External Connections Using the Internal Bias One Option

13
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PRINCIPLES OF OPERATION

TLC5540
VDDA 18
5V (Analo
( g) R1
320 Q NOM
REFTS | 16
)
0.1 uF 17 2.28Vdc
: REFT
I Rref
- 270 Q NOM
REFB | 23
0Vdc
22
REFBS
R2
80 Q NOM
AGND 21

T

Figure 15. External Connections Using the Internal Bias Two Option

functional operation

Table 2 shows the TLC5540 functions.

Table 2. Functional Operation

INPUT SIGNAL DIGITAL OUTPUT CODE
VOLTAGE STEP | uisB Lon
Vref(T) 255 1 1 1 1 1 1 1 1
. 128 1 0 0 0 0 0 0 0
. 127 0 1 1 1 1 1 1 1
Vref(B) 0 0 0 0 0 0 0 0 0

14
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PACKAGE OPTION ADDENDUM

11-Nov-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )
TLC5540CNS.A Active Production SOP (NS) | 24 34 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLC5540
TLC5540CPW Active Production TSSOP (PW) | 24 60 | TUBE Yes NIPDAU Level-2-260C-1 YEAR Oto 70 P5540
TLC5540CPW.A Active Production TSSOP (PW) | 24 60 | TUBE Yes NIPDAU Level-2-260C-1 YEAR Oto 70 P5540
TLC5540INS.A Active Production SOP (NS) | 24 34 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLC5540I
TLC5540INSR Active Production SOP (NS) | 24 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLC5540I
TLC5540INSR.A Active Production SOP (NS) | 24 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLC5540I
TLC55401PW Active Production TSSOP (PW) | 24 60 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 Y5540
TLC5540IPW.A Active Production TSSOP (PW) | 24 60 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 Y5540
TLC5540IPWR Active Production TSSOP (PW) | 24 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 Y5540
TLC5540IPWR.A Active Production TSSOP (PW) | 24 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 Y5540

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

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents 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
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and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

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

REEL DIMENSIONS TAPE DIMENSIONS

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q3 1 Q4 Q3 | User Direction of Feed

[ & |

T T

AN

Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

TLC5540INSR SOP NS 24 2000 330.0 24.4 8.5 15.3 2.6 12.0 | 240 Q1
TLC5540IPWR TSSOP PW 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC5540INSR SOP NS 24 2000 350.0 350.0 43.0
TLC5540IPWR TSSOP PW 24 2000 350.0 350.0 43.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TLC5540CNS.A NS SOP 24 34 530 10.5 4000 4.1
TLC5540CPW PW TSSOP 24 60 530 10.2 3600 3.5
TLC5540CPW.A PW TSSOP 24 60 530 10.2 3600 35
TLC5540INS.A NS SOP 24 34 530 10.5 4000 4.1
TLC55401PW PW TSSOP 24 60 530 10.2 3600 35
TLC5540IPW.A PW TSSOP 24 60 530 10.2 3600 3.5
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWOO014A

SMALL OUTLINE PACKAGE

\ 12X
e
-
I 2X
—
I
1 4X (0°-127)
—t a
= |
. :
. 0.30 T
- Mo 12 MAXL
43 [ [01@ [c|A[B] '

NOTE 4

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220202/B 12/2023

NOTES:

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

. This drawing is subject to change without notice.

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

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

. Reference JEDEC registration MO-153.

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

SMALL OUTLINE PACKAGE

[N
N
X
BelCinE
N
a1
N
J

1]

SYMM

=
1)

L

(5.8) !

LAND PATTERN EXAMPLE

SOLDER MASK
OPENINGWL

/

EXPOSED METAL SHOWN
SCALE: 10X

METAL UNDER
SOLDER MASK\

EXPOSED METALJP

#Lf 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

JL* 0.05 MIN
ALL AROUND
SOLDER MASK

DEFINED
SOLDER MASK DETAILS

(R0.05) TYP
e

SOLDER MASK
OPENING

I
|
J |\ .\J!EXPOSED METAL

4220202/B 12/2023

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.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
PWO0O014A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e

14X (1.5) SYMM
i j | T ¢ (R0.05) TYP
0 | | e
|
|
|
.
|
|
|
|
|

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

4220202/B 12/2023

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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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0024A

SMALL OUTLINE PACKAGE

E 6.2 TYP
PIN 1 INDEX AREA
22x[0.65
] — == o
[ e
] 1
| 1
| 1 i
T — I—
| 1
| 1
| 1
| 1
(] — jzgi —t
B J 45 Fﬂ 24% 939

.19
4.3
S % [o10 [c[Als]

J

’ : GAGE PLANE
./ \
\ 1

]

;i
\\&,,/\ (0.15) TYPj ‘ I
SEE DETAIL A g Xl

\\.

DETAIL A
TYPICAL

4220208/A 02/2017

NOTES:

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

. This drawing is subject to change without notice.

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

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

. Reference JEDEC registration MO-153.
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EXAMPLE BOARD LAYOUT

PWO0O024A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
24X (1.5) S\(KLMM
! | ‘ (R0.05) TYP
o | ot
|
|
|
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X
SOLDER MASK METAL METAL UNDER /—SOLDER MASK
OPENING‘\ SOLDER MASK\ OPENING
EXPOSED METAL :\ 777777,7,}EXPOSED METAL
*H‘* 0.05 MAX *j 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS

4220208/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O024A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

24X (0.45) |

R

SYMM

ORRE

[any
w

24X (1.5) SYMM
! j ‘ T ¢ (R0.05) TYP
| ‘
|
|
|
|
|
|
|
4
|
|
|
|
|
|
|
|
|

-

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

4220208/A 02/2017

NOTES: (continued)

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

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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

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