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LMK00804B Low Skew, 1-to-4 Multiplexed
Differential/LVCMOS-to-LVCMOS/TTL Fanout Buffer

1 Features 3 Description
«  Four LVCMOS/LVTTL Outputs with 7 Q Output The LMKO00804B is a low skew, high performance
Impedance clock fanout buffer which can distribute up to four
. . LVCMOS/LVTTL outputs (3.3-V, 2.5-V, 1.8-V, or 1.5-
— Additive Jitter: 0.04 ps RMS (typ) @ 125 MHz V levels) from one of two selectable inputs, which can
— Noise Floor: =166 dBc/Hz (typ) @ 125 MHz accept differential or single-ended inputs. The clock
— Output Frequency: 350 MHz (max) enable input is synchronized internally to eliminate

) runt or glitch pulses on the outputs when the clock
— Output Skew: 35 ps (max) enable terminal is asserted or de-asserted. The
— Part-to-Part Skew: 700 ps (max) outputs are held in logic low state when the clock is
« Two Selectable Inputs disabled. A separate output enable terminal controls

— CLK, nCLK Pair Accepts LVPECL, LVDS, whether the outputs are active state or high-

impedance state. The low additive jitter and phase
HCSL, SSTL, LVHSTL, or LVCMOS/LVTTL noise floor, and guaranteed output and part-to-part

— LVCMOS_CLK Accepts LVCMOS/LVTTL skew characteristics make the LMK00804B ideal for
+ Synchronous Clock Enable applications demanding high performance and

« Core/Output Power Supplies: repeatability.

3.3V/3.3V See also Device Comparison Table for descriptions of
CDCLVC1310 and LMKO0Q725 parts.

- 3.3VR_R5V

- 3.3V/i18V Device Information

- 3.3V/15V PART NUMBER PACKAGE BODY SIZE (NOM)
» Package: 16-Lead TSSOP LMK00804B TSSOP (16) 5.00 mm x 4.40 mm
* Industrial Temperature Range: —40°C to +85°C 1. For all available packages, see the orderable

o addendum at the end of the datasheet.
2 Applications

» Wireless and Wired Infrastructure

* Networking and Data Communications
» Servers and Computing

* Medical Imaging

» Portable Test and Measurement

» High-End A/V

4 Simplified Schematic Additive Jitter vs VDDO Supply and Temperature
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(1) Rpy=51kQ pullup, Rpp = 51 kQ pulldown.
See Figure 10
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5 Device Comparison Table

PART NUMBER

DESCRIPTION

CDCLVC1310 10 outputs LVCMOS fanout buffer with Diff, Single-Ended, or Crystal Input

LMKO00725

5 output LVPECL fanout buffer with Differential or Single-Ended Input

6 Pin Configuration and Functions

16 Pin
PW Package
Top View
GND 1 16 Qo0
OE 2 15 VDDO
VDD 3 14 Q1
CLK_EN 4 13 GND
CLK 5 12 Q2
nCLK 6 11 VDDO
CLK_SEL 7 10 Q3
LVCMOS_CLK 8 9 GND
Pin Functions
TERMINAL 1
TYPE® DESCRIPTION
NAME NUMBER
GND 1,9, 13 G Power supply ground
Output enable input.
OE 2 I, Rpy 0 = Outputs in Hi-Z state
1 = Outputs in active state
VDD 3 P Power supply terminal
Synchronous clock enable input.
CLK_EN 4 I, Rpy 0 = Outputs are forced to logic low state
1 = Outputs are enabled with LVCMOS/LVTT levels
CLK 5 I, Rpp Non-inverting differential clock input 0.
nCLK 6 I, Rpp/Rpy Inverting differential clock input 0. Internally biased to VDD/2 when left floating
Clock select input.
CLK_SEL 7 I, Rpy 0 = Select LVCMOS_CLK
1 = Select CLK, nCLK
LVCMOS_CLK 8 I, Rpp Single-ended clock input. Accepts LVCMOS/LVTTL levels.
Q3,Q2,Q1, Q0 10, 12, 14, 16 (0] Single-ended clock outputs with LVCMOS/LVTTL levels, 7Q output impedance
VDDO 11, 15 P Output supply terminals

(1) G = Ground, | = Input, O = Output, P = Power, Rpy = 51 kQ pullup, Rpp = 51 kQ pulldown.
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7 Specifications

7.1 Pin Characteristics

MIN TYP MAX UNIT
Cin Input Capacitance 1 pF
Rpy Input Pullup Resistance 51 kQ
Rpp Input Pulldown Resistance 51 kQ
Cpp Power Dissipation Capacitance (per output) pF
RouTt Output impedance Q
7.2 Absolute Maximum Ratings®®
Over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
VDD Core Supply Voltage -0.3 3.6 Y
VDDO Output Supply Voltage -0.3 3.6 Y
Vin Input Voltage Range -0.3 \:52 \
Ty Junction Temperature 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.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/Distributors for availability and
specifications.

7.3 Handling Ratings

MIN MAX UNIT

Tstg Storage temperature range -65 150 °C
Human body model (HBM), per 1000
ANSI/ESDA/JEDEC JS-001, all

o " pins®

V(esD) Electrostatic discharge® - Y,
Charged device model (CDM), per 250
JEDEC specification JESD22-C101,
all pins®

(1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges in

to the device.
(2) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.4 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
VDD Core Supply Voltage 3.135 3.3 3.465 \%
3.135 3.3 3.465
VDDO Output Supply Voltage 2375 25 2625 v
1.65 1.8 1.95
1.425 1.5 1.575
Ta Ambient Temperature -40 85 °C
T; Junction Temperature 125 °C
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7.5 Thermal Information
Over operating free-air temperature range (unless otherwise noted)

THERMAL METRIC® MIN TYP MAX
Package Thermal Impedance, Junction to Air (O LFPM) 116

UNIT
°CIW

R e3a

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

7.6 Power Supply Characteristics
Over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
IDD Power Supply Current through VDD 21 mA
IDDO Power Supply Current through VDDO 5 mA
7.7 LVCMOS/LVTTL DC Characteristics
Over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CLK_EN, VDD +
CLK_SEL, OE 2 03 v
\ Input High Voltage e i
LVCMOS_CLK 2 VBRI v
CLK_EN,
- -0.3 0.8
VL Input Low Voltage CLK_SEL, OE Y
LVCMOS_CLK -0.3 1.3
CLK_EN, VDD = 3.465 V, 5
Vin = 3.465 V
m Input High Current CLK_SEL, OE N pA
VDD = 3.465 V,
LVCMOS_CLK Vi = 3.465 V 150
CLK_EN, VDD = 3.465 V, 0
CLK_SEL, OE Viy=0V 1
I Input Low Current = ’ pA
VDD = 3.465 V,
LVCMOS_CLK Vi =0V -5
VDDO =3.3V +5% 2.6
VDDO =25V = 5% 18
Vo Output High Voltage ™ VDDO = 1.8V £0.15V 15 v
VDDO = 1.5V + 5% VbDO ~
0.3
VDDO =33V 5% 0.5
1 VDDO =25V +5% 0.5
VoL Output Low Voltage® Y
VDDO =18V +0.15V 0.4
VDDO =15V +5% 0.35
lozL Output Hi-Z Current Low -5 A
lozH Output Hi-Z Current High 5 H

(1) Outputs terminated with 50 Q to VDDO/2.
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7.8 Differential Input DC Characteristics
Over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Differential Input Voltage Swing,
\ 0.15 1.3 \%
1D Vigvi)®
Viem Input Common Mode Voltage®® 0.5 VDODeg \Y
VDD = 3.465V,
- \ nCLK Vi = 3.465 V 150
I Input High Current® PA
CLK VDD = 3.465 V, 150
VIN =3.465V
nCLK VDD = 3465V, -150
3 Vin=0V
e Input Low Current¢ PA
CLK VDD = 3.465 V, 5
VIN =0V
(1) V,_should not be less than -0.3 V.
(2) Input common mode voltage is defined as V.
(3) For Iy and I;. measurements on CLK or nCLK, one must comply with V|p and V|cy specifications by using the appropriate bias on nCLK
or CLK.
7.9 Electrical Characteristics (VDDO = 3.3V £ 5%)

Over recommended operating free-air temperature range (unless otherwise noted), VDD = VDDO = 3.3V + 5%,
All AC parameters measured at < 350 MHz unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fout Maximum Output Frequency M@ 350| MHz
; Propagation Delay, LVCMOS_CLK®), 0°C to 70°C 11 21 ns

PDLH Low to High® CLK/NCLK® —40°C to 85°C 0.95 22| ns

tsk(0) Output Skew@®) Measured on rising edge 35 ps

tsk(Pp) Part-to-Part Skew® ") ®) 700 ps

trlte Output Rise/Fall Time® 20% to 80% 50 700 ps
f=125 MHz,

o L (9) Input slew rate = 3 V/ns,

JaDD Additive Jitter 12 kHz t0 20 MHz 0.04 ps RMS
integration band

(1) There is no minimum input / output frequency provided the input slew rate is sufficiently fast. Refer to Input Slew Rate Considerations.

(2) These AC parameters are specified by characterization. Not tested in production.

(3) These AC parameters are specified by design. Not tested in production

(4) Measured from the VDD/2 of the input to the VDDO/2 of the output.

(5) Measured from the differential input crossing point to VDDO/2 of the output.

(6) Defined as skew between outputs at the same supply voltage and with equal loading conditions. Measured at VDDO/2 of the output.

(7) Parameter is defined in accordance with JEDEC Standard 65.

(8) Calculation for part-to-part skew is the difference between the fastest and slowest tpp across multiple devices, operating at the same
supply voltage, same frequency, same temperature, with equal load conditions, and using the same type of inputs on each device.

(9) Buffer Additive Jitter: Japp = SORT(JsystEM 2 - Jsource?), Where Jsystewm is the RMS jitter of the system output (source+buffer) and
Jsource is the RMS jitter of the input source, and system output noise is not correlated to the input source noise. Additive jitter should
be considered only when the input source noise floor is 3 dB or better than the buffer noise floor (PNg_oor)- This is usually the case for
high-quality ultra-low-noise oscillators. Please refer to System-Level Phase Noise and Additive Jitter Measurement for input source and
measurement details.
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Electrical Characteristics (VDDO = 3.3 V = 5%) (continued)

Over recommended operating free-air temperature range (unless otherwise noted), VDD = VDDO = 3.3V * 5%,
All AC parameters measured at < 350 MHz unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
f=125 MHz,
Input slew rate = 3 V/ns
10 kHz offset -155
PNroor Phase Noise Floor(0) 100 kHz offset -162 dBc/Hz
1 MHz offset -166
10 MHz offset -166
20 MHz offset -166
REF = CLK/nCLK 45% 55%
obc Output Duty Cycle (2 REF = LVCMOS_CLK, 45% 5%
f < 300 MHz
ten Output Enable Time 5 ns
tpis Output Disable Time 5 ns

(10) Buffer Phase Noise Floor: PNg oor (dBc/Hz) = 10 x log10[10"(PNsysteMm/10) — L0NPNsource/10)], where PNsystewm is the phase noise
floor of the system output (source+buffer) and PNsoyrce is the phase noise floor of the input source. Buffer Phase Noise Floor should
be considered only when the input source noise floor is 3 dB or better than the buffer noise floor (PNg_oor)- This is usually the case for
high-quality ultra-low-noise oscillators. Please refer to System-Level Phase Noise and Additive Jitter Measurement for input source and
measurement details.

(11) These AC parameters are specified by design. Not tested in production

(12) 50% Input duty cycle

7.10 Electrical Characteristics (VDDO = 2.5V = 5%)

Over recommended operating free-air temperature range (unless otherwise noted), VDD = 3.3V £ 5%, VDDO = 2.5V * 5%,
All AC parameters measured at < 350 MHz unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fout Maximum Output Frequency® @ 350| MHz
tppLH Propagation Delay, LVCMOS_(CS;_K(“), 0°C to 70°C 1.1 2.1 ns

Low to High® CLKInCLK —40°C to 85°C 0.95 2.2
tsk(o) Output Skew@® @) Measured on rising edge 35 ps
tsk(ep) Part-to-Part Skew® ") ®) 700 ps
trlte Output Rise/Fall Time® 20% to 80% 50 700 ps
JAbD Additive Jitter©® =125 MHz, 0.04 ps RMS

Input slew rate = 3 V/ns,
12 kHz to 20 MHz
integration band

oDC Output Duty Cycle® @0 REF = CLK/nCLK 45% 55%

REF = LVCMOS_CLK, 45% 55%

f <300 MHz
ten Output Enable Time 5 ns
tois Output Disable Time 5 ns

(1) There is no minimum input / output frequency provided the input slew rate is sufficiently fast. Refer to Input Slew Rate Considerations.

(2) These AC parameters are specified by characterization. Not tested in production.

(3) These AC parameters are specified by design. Not tested in production.

(4) Measured from the VDD/2 of the input to the VDDO/2 of the output.

(5) Measured from the differential input crossing point to VDDO/2 of the output.

(6) Defined as skew between outputs at the same supply voltage and with equal loading conditions. Measured at VDDO/2 of the output.

(7) Parameter is defined in accordance with JEDEC Standard 65.

(8) Calculation for part-to-part skew is the difference between the fastest and slowest tpp across multiple devices, operating at the same
supply voltage, same frequency, same temperature, with equal load conditions, and using the same type of inputs on each device.

(9) Buffer Additive Jitter: Japp = SQRT(Jsystem? - Jsource?), Where Jsystem IS the RMS jitter of the system output (source+buffer) and
Jsource is the RMS jitter of the input source, and system output noise is not correlated to the input source noise. Additive jitter should
be considered only when the input source noise floor is 3 dB or better than the buffer noise floor (PNg_oor)- This is usually the case for
high-quality ultra-low-noise oscillators. Please refer to System-Level Phase Noise and Additive Jitter Measurement for input source and
measurement details.

(10) 50% Input Duty Cycle
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7.11 Electrical Characteristics (VDDO =1.8V £0.15V)
Over recommended operating free-air temperature range (unless otherwise noted), VDD = 3.3 V + 5%,
VDDO =1.8V +0.15 V. All AC parameters measured at < 350 MHz unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fout Maximum Output Frequency®® 350 MHz
; Propagation Delay, LVCMOS_CLK®), 0°C to 70°C 11 2.2 ns
PDLH Low to High® CLK/nCLK®) —40°C to 85°C 0.95 23| ns
tsk(0) Output Skew@® ) Measured on rising edge 35 ps
tsk(Pp) Part-to-Part Skew® ") ®) 700 ps
trlte Output Rise/Fall Time® 20% to 80% 100 700 ps

f=125 MHz,
- L (9) Input slew rate = 3 V/ns,
JADD Additive Jitter 12 kHz 1o 20 MHz 0.04 ps RMS
integration band
REF = CLK/nCLK 45% 55%
oDC Output Duty Cycle @10 =
p y Cy REF = LVCMOS_CLK, 45% 55%
f <300 MHz
ten Output Enable Time 5 ns
tpis Output Disable Time 5 ns
(1) There is no minimum input / output frequency provided the input slew rate is sufficiently fast. Refer to Input Slew Rate Considerations.
(2) These AC parameters are specified by characterization. Not tested in production.
(3) These AC parameters are specified by design. Not tested in production.
(4) Measured from the VDD/2 of the input to the VDDO/2 of the output.
(5) Measured from the differential input crossing point to VDDO/2 of the output.
(6) Defined as skew between outputs at the same supply voltage and with equal loading conditions. Measured at VDDO/2 of the output.
(7) Parameter is defined in accordance with JEDEC Standard 65.
(8) Calculation for part-to-part skew is the difference between the fastest and slowest tpp across multiple devices, operating at the same
supply voltage, same frequency, same temperature, with equal load conditions, and using the same type of inputs on each device.
(9) Buffer Additive Jitter: Japp = SQRT(JsysTem? - Jsource 2), Where Jsystewm is the RMS jitter of the system output (source+buffer) and

Jsource is the RMS jitter of the input source, and system output noise is not correlated to the input source noise. Additive jitter should
be considered only when the input source noise floor is 3 dB or better than the buffer noise floor (PNg_oor)- This is usually the case for
high-quality ultra-low-noise oscillators. Please refer to System-Level Phase Noise and Additive Jitter Measurement for input source and
measurement details.

(20) 50% Input Duty Cycle
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7.12 Electrical Characteristics (VDDO = 1.5V £ 5%)

Over recommended operating free-air temperature range (unless otherwise noted), VDD = 3.3V + 5%, VDDO = 1.5V + 5%,
All AC parameters measured at < 350 MHz unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fout Maximum Output Frequency®® 350 MHz
; Propagation Delay, LVCMOS_CLK®), 0°C to 70°C 11 2.2 ns
PDLH Low to High® CLK/nCLK®) —40°C to 85°C 0.95 23| ns
tsk(0) Output Skew@® ) Measured on rising edge 35 ps
tsk(Pp) Part-to-Part Skew® (") ®) 1 ns
trlte Output Rise/Fall Time® 20% to 80% 100 900 ps
f=125 MHz,
- L (9) Input slew rate = 3 V/ns,

JADD Additive Jitter 12 kHz 1o 20 MHz 0.04 ps RMS

integration band
3)(10 f<166 MHz 45% 55%

oDC Output Duty Cycle®@0)
f> 166 MHz 42% 58%

ten Output Enable Time 5 ns

tois Output Disable Time 5 ns

(1) There is no minimum input / output frequency provided the input slew rate is sufficiently fast. Refer to Input Slew Rate Considerations.

(2) These AC parameters are specified by characterization. Not tested in production.

(3) These AC parameters are specified by design. Not tested in production.

(4) Measured from the VDD/2 of the input to the VDDO/2 of the output.

(5) Measured from the differential input crossing point to VDDO/2 of the output.

(6) Defined as skew between outputs at the same supply voltage and with equal loading conditions. Measured at VDDO/2 of the output.

(7) Parameter is defined in accordance with JEDEC Standard 65.

(8) Calculation for part-to-part skew is the difference between the fastest and slowest tpp across multiple devices, operating at the same
supply voltage, same frequency, same temperature, with equal load conditions, and using the same type of inputs on each device.

(9) Buffer Additive Jitter: Japp = SQRT(IsysTem? - J source?), Where Jsystewm is the RMS jitter of the system output (source+buffer) and

Jsource is the RMS jitter of the input source, and system output noise is not correlated to the input source noise. Additive jitter should
be considered only when the input source noise floor is 3 dB or better than the buffer noise floor (PNg_oor)- This is usually the case for
high-quality ultra-low-noise oscillators. Please refer to System-Level Phase Noise and Additive Jitter Measurement for input source and

measurement details.
(10) 50% Input Duty Cycle
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7.13 Typical Characteristics

Unless otherwise noted: VDD = 3.3V, VDDO =3.3V, T, = 25°C

0-30 —— 100 Mz ol ET —+—a0°C
0.25 %ég m:; 0.09 I |rput Slew Rate = 3 V/ns —=—25T
7 —>— 350 MHz . 0.08 A 85T
2 2
2 0.20 2 007
g :\ 8 0.06
8015 & 0.05 = = k A
5 5 - .
q>_) \ G>) 0.04 e — = *
£ 010 £ 0.03
2 2
0.05 0.02
0.01
0.00 0.00
0 1 2 3 4 5 1.5 1.8 25 3.3
Input Slew Rate (V/ns) VDDO Supply (V)
Figure 1. Additive Jitter vs Input Slew Rate Figure 2. Additive Jitter vs VDDO Supply and Temperature
o 18 —+— 100 Mz = [ v —e—0°C
F 150 =— 125 MHz 5 159 Irc1LKut Slew Rate = 3 V/ns —=—25T
] —&— 250 MHz 3 P 850
g -152 A —>— 350 MHz T -160
3 -154 g _161
5 * 5
-156 - -162
S -158 \ \ \ S -163
o o V' % 4 A
E's) -160 \ N % —164
g -162 -\ A—a—d o -165 =
S _164 A S S _166 - — — n
& 166 2 -167
£ <
o _168 o _168
0 1 2 3 4 5 15 1.8 25 3.3

Input Slew Rate (V/ns)

Figure 3. Phase Noise Floor vs Input Slew Rate

Figure 4. Phase Noise Floor vs VDDO Supply and

VDDO Supply (V)

Temperature
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8 Parameter Measurement Information
VCC _______________________
nCLK ViH= Vicm
““““““ T“— -———1- Vpp= |V|H —V|L|
CLK Vi
Vewm
GND - _________ ¥ ________
NOTE: Vom = Viem - Vip/2 = (V iy + V)1)/2
Figure 5. Differential Input Level
; | Vou
80% -~~~ ===~ "
} } VOUT
| | |
20% ff~-mm oo\ -
Q — e s Vor
tg te
Figure 6. Output Voltage, and Rise and Fall Times
LVCMOS
LVCMOS_CLK ‘ Input
|
|
nCLK }
>< >< >< >< >< Differential
|
CLK | Input
\E tPD ;\
! |
l LVCMOS
| Outputx
Qx \

|

l LVCMOS

‘ Outputy
Qy

Figure 7. Output Skew and Propagation Delay
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9 Detailed Description

9.1 Overview

The LMKO0O0804B is a low skew, high performance clock fanout buffer which can distribute up to four
LVCMOS/LVTTL outputs (3.3-V, 2.5-V, 1.8-V, or 1.5-V levels) from one of two selectable inputs, which can
accept differential or single-ended inputs. The clock enable input is synchronized internally to eliminate runt or
glitch pulses on the outputs when the clock enable terminal is asserted or de-asserted. The outputs are held in
logic low state when the clock is disabled. A separate output enable terminal controls whether the outputs are
active state or high-impedance state. The low additive jitter and phase noise floor, and guaranteed output and
part-to-part skew characteristics make the LMK00804B ideal for applications demanding high performance and
repeatability.

9.2 Functional Block Diagram

R
CLK_EN — D Q
LVCMOS Rep > 0
_CLK ~
R 0
CLK —2 />_Q
nCLKRLU/c ! ~
RPD > Ql

R
CLK_SEL —=

> @

Rpy = PU”Up
Rpp = Pulldown

>— Q3

N ==

R
OE _PU
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9.3 Feature Description

9.3.1 Clock Enable Timing

After CLK_EN switches, the clock outputs are disabled or enabled following a rising and falling input clock edge as shown in
Figure 8. In the enabled mode, the output states are a function of the CLK/nCLK or LVCMOS_CLK inputs as described in
Clock Input Function.

LVCMOS_CLK

NCLK - — A
ok — Ao X

CLK_EN \ iDisabled ~ / Enabled

Qx "\

Figure 8. Clock Enable Timing Diagram

9.4 Device Functional Modes

The device can provide fan-out and level translation from differential or single-ended input to LVCMOS/LVTTL
output, where the output VOH and VOL levels are determined by the VDDO output supply voltage and output
load condition. Refer to the Clock Input Function.

9.4.1 Clock Input Function

Table 1.
INPUTS OUTPUTS
INPUT to OUTPUT POLARITY
CLK (or LVCMOS_CLK) nCLK Qx MODE
0 1 LOW Differential (or Single- Non-inverting
Ended) to Single-Ended
1 0 HIGH Differential (or Single- Non-inverting
Ended) to Single-Ended
0 Floating or Biased LOW Single-Ended to Single- Non-inverting
Ended
1 Floating or Biased HIGH Single-Ended to Single- Non-inverting
Ended
Biased 0 HIGH Single-Ended to Single- Inverting
Ended
Biased 1 LOwW Single-Ended to Single- Inverting
Ended
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 13
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10 Applications and Implementation
10.1 Application Information
Refer to the following sections for output clock and input clock interface circuits.
10.2 Output Clock Interface Circuit

VDDO
LMK00804 Z, =500 O—<
Parasitic Input Capacitance
Figure 9. LVCMOS Output Configuration
10.3 Input Detalil
LMKO00804
LVCMOS_CLK—
51k
CLK —
51k
VDD
51k
nCLK
51k
Figure 10. Clock Input Components
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10.4 Input Clock Interface Circuits

| 3.3V ! 3.3V
i I LMK00804B

: I
I W - LVMOS
| % ; 2o~ %00 _CLK

Iz +Rg=500 :
Figure 11. LVCMOS_CLK Input Configuration

Sl VAR | 3.3V a3y 3“3\/
: 4 | ' LMK00804B
I : _
! i R =100Q R = 1kQ
! A CLK
l 4 WN\/—“( Z,=50Q }—4 DUT
o | = ( +——nCLK
! : 1t
i 1 ! R =100Q C=0.1pF R=1kQ
' Clock génerator: | =

Iz, +Rg=500 : L 1l 1
(1) The Thevenin/split termination values (R = 100 Q) at the CLK input may be adjusted to provide a small differential
offset voltage (50 mV, for example) between the CLK and nCLK inputs to prevent input chatter if the LVCMOS driver
is tri-stated. For example, using 105 Q 1% to 3.3 V rail and 97.6 Q 1% to GND will provide a —-60 mV offset voltage
(Vnewk-Verk) and ensure a logic low state if the LVCMOS driver is tri-stated.

Figure 12. Single-Ended/LVCMOS Input DC Configuration

3.3V
3.3V LMK00804B 3.3V
R =125Q R =125Q
Zy =500 O .
I 7 —50n 0 . Ny
R =84Q R =84Q

Figure 13. LVPECL Input Configuration
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Input Clock Interface Circuits (continued)
3.3v LMKO00804B 33V
Z, =500 O \
O @
Z,=50Q O .
R =500 R =50Q
R =500
Figure 14. Alternative LVPECL Input Configuration
33V LMK00804B 33V
Z, =500 O
@
Z,=50Q O .
R =500 R =500
Figure 15. HCSL Input Configuration
33v LMK00804B 3.3V
Z, =500 (
R =1000Q
O d
Z,=50Q (}7
Figure 16. LVDS Input Configuration
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Input Clock Interface Circuits (continued)
3.3V
LMK00804B
2.5V 3.3V
R = 1200 R = 1200
Z,=60Q } °
O d
Z,=60Q O .
R = 1200 R = 1200 1
Figure 17. SSTL Input Configuration
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10.5 Typical Applications

10.5.1 Design Requirements

For high-performance devices, limitations of the equipment influence phase-noise measurements. The noise floor
of the equipment is often higher than the noise floor of the device. The real noise floor of the device is probably
lower. It is important to understand that system-level phase noise measured at the DUT output is influenced by
the input source and the measurement equipment.

For Figure 18 and Figure 19 system-level phase noise plots, a Rohde & Schwarz SMA100A low-noise signal
generator was cascaded with an Agilent 70429A K95 single-ended to differential converter block with ultra-low
phase noise and fast edge slew rate (>3 V/ns) to provide a very low-noise clock input source to the LMK00804B.
An Agilent E5052 source signal analyzer with ultra-low measurement noise floor was used to measure the phase
noise of the input source (SMA100A + 70429A K95) and system output (input source + LMK00804B). The input
source phase noise is shown by the light yellow trace, and the system output phase noise is shown by the dark
yellow trace.

10.5.2 Detailed Design Procedure

The additive phase noise or noise floor of the buffer (PNg_oor) can be computed as follows:
PNELoor (dBc/HZz) = 10 x 10910[10"(PNgystem/10) — 10M(PNgource/10)]

where
*  PNgystem is the phase noise of the system output (source+buffer)
¢ PNgource is the phase noise of the input source (1)

The additive jitter of the buffer (Jspp) can be computed as follows:
‘]ADD = SQRT(JSYSTEMZ_ JSOURCEZ)

where:
e Jsystewm is the RMS jitter of the system output (source+buffer), integrated from 10 kHz to 20 MHz
e Jsource is the RMS jitter of the input source, integrated from 10 kHz to 20 MHz (2)
18 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated
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Typical Applications (continued)
10.5.3 Application Curves

10.5.3.1 System-Level Phase Noise and Additive Jitter Measurement

kPhase Maise 10.00dB) Ref -20.00dBc/Hz [Sra]
.20.00 ' r Carrier 125,000000 MHz —T10.392 dBrn
' 1: 1 kH=z -122.03222 dBcAHz
2t 10 kHz -145.2120 dBc/Hz
-30.00 It 100 kHz -153.179¢ dBc/Hz
4: |1 MHz -1e0.4534 dBcrHz
-40,00 B+ |5 MH=z -151 5084 dBcAH=
&: 10 MHz -151.4154 dBc/Hz
501,00 Fio |20 MHE  -162,3735 dBciHz
=51 40| MH=z -1lel.2e0e dBofHz
£0.00 ¥: Start |10 kH=
e Stop 20 MH=z
Center 10.005 KMH=z
-F0.00 Span 18,99 MHz
e Nc\'!se =
0,00 Analysis Range X: Band Marker
Analysis Range ¥: Band Marker
90,00 Intg Moise: -58.0375 dBc 4 19.69| MHz
' RMS Moise: SE.E728 prad
] 3.1595 mdeg
-100.0 RMS 1itter: 7O.855 fsec
Fesidual |FM: 575.521 H=
-110.0
-120.0
-130.0
-140.0
-150.0
-160,0
-170.0
-120.0
iy HL 18 HY AT RN N
IF Gain 40dE | Fraq Band [99M-1.5GHz] | it | LS Spt [=150kHz] | E4Cpis | Cotre 50 |

Phase Moize Start 1 kHz Stop 40 MHz 16

Figure 18.
125 MHz Input Phase Noise (57 fs rms, Light Blue),
and Output Phase Noise (71 fs rms, Dark Blue),
Additive Jitter = 42 fs rms
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Typical Applications (continued)
FPhaze Moize 10.00dB) Ref -20.004Bc/Hz [Sma]
20,00 ’ r Carvier 156,250000 MHz 1102807 dBrn
' 1: 1 kHz -135,0290 |dBc H=
2t 10 kHz -145,02:52 |dBeHz
-20.00 I+ 100 kHz -151.744& dBcsHz
4: |1 MHz -155 4570 |dBc/Hz
-40,00 5t 5 MH=z -159 7106 dBc Hz
5: |10 MH= -152,5912 |dBc Hz
E0,00 F: 20/MHz  -153.4240 dBosHz
=51 40 MHz -159 5550 |dBc/Hz
: Start |10 kH=
-&0.00 Stop 20 MHz
Center | 10.005 MH=z
-F0.00 Spam 17,93 MHz
= Holse =—
B0.00 Analwsis Range : Band Marker
Analyzis|Range ¥: BEand Marker
0.0 Intg Moise: -86.0165 dBc /13,69 MHz

FMS Noise: 70.7441 prad

4.,05324 mdeg
-100.0 RME Tittar: 72059 fzec
Residual FM: 75,349 Hz

-110.0

-120.0

-130.0

-140.0

-150.0

-160.0

-170.0

-120.0

Fiy it jraing i) S MR Ln e
IF <ain 40de | Freq Band [39M-1.5GHz] | St | L Cpt [=150kHz] | 555pts | Corre 50|

Phaze Moize  Start 1 kHz Stop <0 MHz

Figure 19.
156.25 MHz Input Phase Noise (57 fs rms, Light Blue),
and Output Phase Noise (72 fs rms, Dark Blue),
Additive Jitter = 44 fs rms
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10.6 Do's and Don'ts

10.6.1 Power Considerations

The following power consideration refers to the device-consumed power consumption only. The device power
consumption is the sum of static power and dynamic power. The dynamic power usage consists of two
components:

» Power used by the device as it switches states
» Power required to charge any output load

The output load can be capacitive-only or capacitive and resistive. Use the following formula to calculate the
power consumption of the device:

I::’Dev = Pstat + den + F)Cload (3)
Pstat = (Iop X Vop) + (Iopo * Vopo) (4)
Payn + Pcioad = (Iobo,dyn *+ lbpo,cioad) * Vooo
where:

*  Ippodyn = Cpp X Vppo X f x n [MA]

*  Ippo,cioad = Cioad X Vopo * fx n [MA] (5)

Example for power consumption of the LMKO0804B: 4 outputs are switching, f = 100 MHz,
VDD = VDDO = 3.465 V and assuming C,,,q = 5 pF per output:

Ppey =90 MW + 34 mW = 124 mW (6)

Peat = (21 MA x 3.465 V) + (5 mA x 3.465 V)= 90 mW (7)

Payn + Pcioad = (2.8 MA + 6.9 mA) x 3.465 V = 34 mW (8)

lop.dyn = 2 PF x 3.465 V x 100 MHz x 4 = 2.8 mA 9)

lop.cioad = 5 PF X 3.465 V x 100 MHz x 4 = 6.9 mA (10)
NOTE

For dimensioning the power supply, consider the total power consumption. The total
power consumption is the sum of device power consumption and the power consumption
of the load.
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Do's and Don'ts (continued)
10.6.2 Recommendations for Unused Input and Output Pins

e CLK_SEL, CLK_EN, and OE: These inputs all have internal pull-up (Rpy) according to Table 2 and can be
left floating if unused. Table 2 shows the default floating state of these inputs:

Table 2. Input Floating Default States

INPUT FLOATING STATE SELECTION
CLK_SEL CLK/nCLK selected
CLK_EN Synchronous outputs enable

OE Outputs enabled

* CLK/nCLK Inputs: See Figure 10 for the internal connections. When using single ended input, take note of
the internal pull-up and pull-down to make sure the unused input is properly biased. To interface a single-
ended input to the CLK/nCLK input, the configuration shown in Figure 12 is recommended.

* LVCMOS_CLK Input: See Figure 10 for the internal connection. The internal pull-down (Rpp) resistor
ensures a low state when this input is left floating.

e Outputs: Any unused output can be left floating with no trace connected.

10.6.3 Input Slew Rate Considerations

LMKO00804B employs high-speed and low-latency circuit topology, allowing the device to achieve ultra-low
additive jitter/phase noise and high-frequency operation. To take advantage of these benefits in the system
application, it is optimal for the input signal to have a high slew rate of 3 V/ns or greater. Driving the input with a
slower slew rate can degrade the additive jitter and noise floor performance. For this reason, a differential signal
input is recommended over single-ended because it typically provides higher slew rate and common-mode-
rejection. Refer to the “Additive Jitter vs. Input Slew Rate” plots in Typical Characteristics. Also, using an input
signal with very slow input slew rate, such as less than 0.05 V/ns, has the tendency to cause output switching
noise to feed-back to the input stage and cause the output to chatter. This is especially true when driving either
input in single-ended fashion with a very slow slew rate, such as a sine-wave input signal.
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11 Power Supply Recommendations

11.1 Power Supply Considerations

While there is no strict power supply sequencing requirement, it is generally best practice to sequence the core
supply voltage (VDD) before the output supply voltage (VDDO).

11.1.1 Power-Supply Filtering

High-performance clock buffers are sensitive to noise on the power supply, which can dramatically increase the
additive jitter of the buffer. Thus, it is essential to reduce noise from the system power supply, especially when
jitter or phase noise is critical to applications.

Use of filter capacitors eliminates the low-frequency noise from power supply, where the bypass capacitors
provide the very low-impedance path for high-frequency noise and guard the power-supply system against
induced fluctuations. The bypass capacitors also provide instantaneous current surges as required by the device,
and should have low ESR. To use the bypass capacitors properly, place them very close to the power supply
terminals and lay out traces with short loops to minimize inductance. Tl recommends to adding as many high-
frequency (for example, 0.1 uF) bypass capacitors as there are supply terminals in the package. It is
recommended, but not required, to insert a ferrite bead between the board power supply and the chip power
supply to isolate the high-frequency switching noises generated by the clock driver, preventing them from leaking
into the board supply. Choosing an appropriate ferrite bead with very low DC resistance is important, because it
is imperative to provide adequate isolation between the board supply and the chip supply. It is also imperative to
maintain a voltage at the supply terminals that is greater than the minimum voltage required for proper operation.

Vcc
Board . Chip
Supply T Ferrite Bead Supply
C 0.1 uF (3
10 pF 1 uF places, one
per Vcc pin)
Figure 20. Power-Supply Decoupling
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Power Supply Considerations (continued)
11.1.2 Thermal Management

For reliability and performance reasons, limit the die temperature to a maximum of 125°C. That is, as an
estimate, T, (ambient temperature) plus device power consumption times 6;, should not exceed 125°C.

Assuming the conditions in the Power Considerations section and operating at an ambient temperature of 70°C
with all outputs loaded, here is an estimate of the LMK00804B junction temperature:
T)= Tat Progw X 0;0= 70 °C + (124 mW x 116 °C/W) = 70 °C + 14.4 °C = 84.4 °C (11)

Here are some recommendations for improving heat flow away from the die:
e Use multi-layer boards
» Specify a higher copper thickness for the board

* Increase the number of vias from the top level ground plane under and around the device to internal layers
and to the bottom layer with as much copper area flow on each level as possible

* Apply air flow
» Leave unused outputs floating

12 Layout

12.1 Layout Guidelines

12.1.1 Ground Planes

Solid ground planes are recommended as they provide a low-impedance return paths between the device and its
bypass capacitors and its clock source and destination devices.

Avoid return paths of other system circuitry (for example, high-speed/digital logic, switching power supplies, and
so forth) from passing through the local ground of the device to minimize noise coupling, which could induce
added jitter and spurious noise.

12.1.2 Power Supply Pins
Follow the power supply schematic and layout example described in Power-Supply Filtering.

12.1.3 Differential Input Termination

» Place input termination or biasing resistors as close as possible to the CLK/nCLK pins.

» Avoid or minimize vias in the 50 Q input traces to minimize impedance discontinuities. Intra-pair skew should
be also be minimized on the differential input traces.

* If not used, CLK/nCLK inputs may be left floating.

12.1.4 LVCMOS Input Termination

* When the LVCMOS_CLK input is driven from a LVCMOS driver that is series terminated to match the
characteristic impedance of the trace, then input termination is not necessary; otherwise, place the input
termination resistor as close as possible to the LVCMOS_CLK input.

» Avoid or minimize vias in the 50 Q input trace to minimize impedance discontinuities.
* If not used, LVCMOS_CLK input may be left floating.

12.1.5 Output Termination

» Place 43 Q series termination resistors as close as possible to the Qx outputs at the launch of the 50 Q
traces.

« Avoid or minimize vias in the 50 Q input traces to minimize impedance discontinuities.

e If not used, any Qx output should be left floating and not routed.
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12.2 Layout Example
Please refer to the LMKOO804BEVM for a layout example. A sample PCB layer is shown below.
. D Uddo .
¢ v E“‘ri_lg C‘?' £ E? %‘-{EXS'?EUMENTS
LMKOOB04EUM
Uddo SEL
o e [ ]
Lo - GNDL 3= o
. ' ® [
m [ —
CLK
| -
J =
nCLK —
L
CLK SEL i
Lo R9
" —
d
ml
g L[]
L] g @
. = 2013 TEXAS INSTRUMENTS .
ALL ARTWORK UIEWED FROM TOP SIDE BOARD #: SU600950 REU: A SUN REU: Not In UersionControl
LAYER NAME = Top Overlay
PLOT NAME = Top Layer GENERATED  : 8,29,2013  12:57:54 PM | TEXAS INSTRUMENTS
Figure 21. Sample PCB Layout, Layer 1 (Top View)
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13 Device and Documentation Support

13.1 Device Support

For device and documentation support, please direct your inquiries to the Tl E2E Support Forums for Clocking
Products.

13.2 Trademarks
All trademarks are the property of their respective owners.

13.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.

13.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

14 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

LMK00804BPW Active Production TSSOP (PW) | 16 92 | TUBE Yes SN Level-1-260C-UNLIM -40to 85 K00804B
LMK00804BPW.A Active Production TSSOP (PW) | 16 92 | TUBE Yes SN Level-1-260C-UNLIM -40to 85 K00804B
LMKO0804BPWR Active Production TSSOP (PW) | 16 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 85 K00804B

LMKO00804BPWR.A Active Production TSSOP (PW) | 16 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 85 K00804B

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

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

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

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

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

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

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

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

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

OTHER QUALIFIED VERSIONS OF LMK00804B :
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o Automotive : LMK00804B-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LMK00804BPWR TSSOP PW 16 2500 330.0 12.4 6.95 | 5.6 1.6 8.0 12.0 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)

LMK00804BPWR TSSOP PW 16 2500 356.0 356.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
LMKO00804BPW PW TSSOP 16 92 495 8 2514.6 4.06
LMK00804BPW.A PW TSSOP 16 92 495 8 2514.6 4.06
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14)(
1] e
— 4= -
— —
2X
51 | 1
4.9
— —
— — 4X (0°-12°)
Y — jzgf
° L 16x 9-30
B] 45 0 . 0.17 —

4.3 y
S0 [c[Ale]

\\.

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

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/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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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/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.
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

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

4220204/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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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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