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NXP Secure Interfaces & Power Solutions

Signal Integrity
& Routing Solutions

Signal Switches & Re-drivers
- USB 3.1, USB Type-C

- Thunderbolt

- PCle, SATA, SAS

- DP, HDMI, VGA

- Audio, Data

- Memory Interface

Industry leader in high-speed switching.

Lowest-power consumption re-drivers

Security & Authentication

- Anti-Counterfeit Solution

Industry’s smallest package with lowest power.

Load Switches

Over Voltage Protection
Over Current Protection
- Reverse Current Protection
«  Under voltage Lockout
- Thermal Shutdown
Low RON
Low Quiescent Current

HV Load switching with 100V surge protection.

Power Solutions

- USB Power Delivery

- AC-DC Controllers
DC-DC Boost Converters
Direct Charging (Rapid Battery
Charging)

«  Wireless Charging (Qi/A4WP)

- PMIC

- Powerline Communication Modem

High efficiency power conversion.

Support of multi-charging protocols (Direct, USB-
PD, QC, BC1.2, and proprietary).

Interface Solutions

DisplayPort Bridges
UARTS

- Comparators

- I2C Bus Buffers

- I2C Bus Controllers
I2C Muxes & Switches
Voltage Level Translators

Industry’s largest I12C Portfolio for Mobile,
Computing and Industrial.

Bus Peripherals

- Real Time Clocks

- GPIO Expanders

«  Temperature Sensors

- LCD Drivers

- LED Controllers

- Stepper Motor Controllers
- EEPROM

- WatchlIC

- Data Converter

- DIP Switches

Ultra low-power RTC'’s.
Widest portfolio of GPIO Expanders.

Wireless Connectivity
& Smart Sensor Solutions

- NTAG Smart Sensors
- NFMI Radio
«  Audio over BLE
+  RF & IF Discretes
- Transceivers
- LNA’s
- Mixers
- Switches

Integrated temperature logging solutions.

Ultra low-power single-chip solution, providing
robust wireless audio streaming.
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Secure Interfaces & Power — Building Blocks . e
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PCA9665 I2C-Bus Controller
Parallel bus to Fm+ 1 MHz 12C-bus

VDD
FEATURES l
Converts parallel-bus to one Fm+ 1 MHz open-drain Chip Select ————  PARALLEL BUFFER
Write Strobe  ———p
68-byte buffer Read Strobe ————
Reset —— 68 Bvtes
SW & HW reset Address (2 bits) 4
Supply voltage: 3.0V to 3.6 V Interrupt Request  4————
Data (8-bits) SERIAL
5V tolerant I2C-bus
Multi-master capable Frm 4+ 1 MHz
Master and slave functions
Up to 4000pF drive at reduced speeds
BENEFITS
Serves as an interface between most standard parallel-bus microcontrollers/
microprocessors and the serial I1°C-bus . T
Allows the parallel bus system to communicate with the 12C-bus GND
2 .
Voltage range Max|°C freq | Clock source Parallel interface

PCA9665 TSSOP20| 2.3 -3.6Vw/5Vtolerance 1 MHz Trimmed Internal

50 MHz - Fast

h
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PCA9661: 1-Channel Fast Mode+ Bus Controller

VDD VDD(I/O)
Chip Select ———p
Writg Strobe —» PARALLEL BUFFER SERIAL &»
SCLO
Read Strobe ——p 4352 Fm + >
Reset ———— Byte 1 MHz
Address (8 bits)
Interrupt Request ¢————
Data (8-bits)
Trigger —————p
JTAG
GND
FEATURES

Convert parallel-bus to 1 MHz 12C

- 1 Mbps and up to 30 mA SCL/SDA IOL (Fm+) capability

4352 Bytes per channel data buffer

Maskable interrupts

Supply voltage: 3.0 V to 3.6 V with 5 V tolerant I2C-bus
Buffer sequence looping with interval timer

SW & HW reset

LQFP48 package

For single master systems

FPGA

ADVTITE

CHEITAL

AUDHO VIDEQ Dk

40:bit GFIO RTC

BENEFITS

Offer 1 MHz Fm+ 12C-bus, maximizing throughput
whereas read back/feedback is important

Improve interrupts scheme from PCA9665 (no interrupt on
START and SLA)

Allow interrupts to be maskable to free CPU
Off-load CPU with large data buffers
Optimized register access with direct addressing
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PCA9663: 3-Channel Fast Mode+ Bus Controller

VDD

|

Chip Select ————»  paARALLEL BUFFER

VDD(I/O)

'

SDAO
SERIAL

Write Strobe —————
Read Strobe ——— 4352
Reset ——— Byte

Address (8 hits)

Interrupt Request ¢———— 4352
Data (8-bits) Byte
Trigger —————» 4352
Byte

JTAG

FEATURES

Convert parallel-bus to 1 MHz I2C

- 3x1 Mbps and up to 30 mA SCL/SDA IOL (Fm+) capability
4352 Bytes per channel data buffer

Maskable interrupts

Supply voltage: 3.0 V to 3.6 V with 5 V tolerant I2C-bus
Buffer sequence looping with interval timer

SW & HW reset

LQFP48 package

For single master systems

SCLO
Fm+ | ——»
1 MHz DAL
SCL1
Fm +
1 MHz DA
—scz”
Fm + )
1 MHz
BENEFITS

Offer dual 1 MHz Fm+ I?C-bus, maximizing throughput
whereas read back/feedback is important

Improve interrupts scheme from PCA9665 (no interrupt on
START and SLA)

Allow interrupts to be maskable to free CPU
Off-load CPU with large data buffers
Optimized register access with direct addressing
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PCU9669: 3-Channel Bus Controller
2x UFm 5 MHz, 1x Fm+ 1 MHz I2C-bus

VDD VDD(I/O)
FEATURES ch l l
ip Select ———3  pARALLEL BUFFER SERIAL SDAO,
Convert parallel-bus to one Fm+ (Fast mode-Plus) 1 MHz open- Write Strobe ——— 4352 Em + SCLo
drain 12C-bus and two UFm (Ultra Fast Mode) 5 MHz uni-directional ReadSIe ——> Byte 1 MHz
. eset —» SDA1,
push-pull serial bus Address (8 bits) P e uscLL
. . Interrupt Request ¢————— m
Buffer size: 4352 bytes for each Fm+ or UFm channel Data (3.5i19) Byte 5 MHz .
Maskable interrupts Trigger ———— 7352 OF Usciz”
: . : — m |—»
Buffer sequence looping with interval timer el Byte | 5MHz
SW & HW reset raG
Supply voltage: 3.0 V to 3.6 V for logic, 3.0 V to 5.5 V for UFm
LQFP48 4
For Single Master Systems GND
BENEFITS
Fm+ 1 MHz 12C-bus for fast stepper motor/feedback control pevice fehannel - PCA Py
UFm 5 MHz (no ACK) for fast LED and LED matrix control I I L UFm

Deep buffer size, looping, and triggering ideal for complex lighting _

control, with minimum CPU bandwidth

Improve interrupts scheme from PCA9665 (no interrupt on START I I L Em+ 2 UFm
and SLA) with maskable interrupts

\r
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1°C-Bus Buffer Family

10

PCA9509
Processor to SMBus

PCA9509A
Processor to SMBus

PCA9509P
Processor to SMBus

PCA9517A
0.9 -to 5.5V

PCA9617A
0.8 to 5.5V

PCA9507
RTA for HDMI

PCA9527
PCA9507 + Y2 PCA9517

0000000

PCA9515/15A/16A

PCA9518A
5-Channel Hub Expander

PCA9519
4 x PCA9509

PCA9646
30-mA Drive; 1:4-Channel

[ o
[ o
o
Lo

[1] P82B96 is widely used for opto-isolation applications

Blue = 1 MHz system

PCA9508
Active Level Shifter

PCA9510A
No Accelerator

PCA9511A
0.6-V Threshold

PCA9512A
Active Level Shifter

PCA9513A
92-pA Current Source

PCA9514A
0.8-V Threshold

000000

Extenders (Long Cable)
(Long Cable Drivers)

AM

P82B96 [

P82B715 '
No Static Offset |

PCA9600/9601
1-MHz Speed

PCA9614/15
2-CH Differential Driver

PCA9616
3-CH Differential Driver

@ = No Offset
@ = Static Offset

@ = Incremental Offset

AM = Amplifier

h
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The Need for Special Buffers on [°C-Bus

- The I2C-bus assumes the possibility of simultaneous
bi-directional signal flows

- Without any buffers, the bus wires are clearly bi-directional.

- Conventional buffers only handle signals traveling in one
direction at any one time

- There are logic buffers with a direction control pin, but at any one
time they are uni-directional

- Buffers for use on an 1°C-bus must not have any pull-up
capability. They must have open-collector or open drain
outputs

- If two conventional logic buffers are connected as shown
then they will simply latch to the LOW state the first time
either side goes LOW

- The logic symbol represents a non-inverting, open drain, buffer

11

AT AT

= [
2>

ey
e\Q]%

SDA b A B SDA

If side A is externally pulled LOW, then the upper
open drain buffer pulls the bus at side B to the
LOW level.

With this LOW now on side B, the lower buffer will
pull side A LOW and even if the external drive at A
Is removed, the buses at A and B will simply remain
latched LOW.

A special type of buffer is required for I°C-bus.

\r
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Understanding I°C-Bus Buffer Technologies

12

5V 5V

SDA E-A

B SDA

Special logic Mormal loglc
input levels » output leval
spa] @ T
of
SCL bo]!

SV 8V

Q 5C1
Specisl logic « Normal logic
outpat level input level

Copyto cutput &~ Add offset % |ngest level

¥ 4] s
$ o B !
S0A Low ™2 | s0A
- e
5CL " ; 4 ‘ 501

W

o
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Symmetnical buffer using offsets apphed to the input levels

o p
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l wn[ ._,_lﬂ 504 w 501
¥
-
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Bahaves ke 2 passive resistorwhan igher cument ssde s
pullod oy

Characteristics:

« Buffer automatically changes
direction in response to the
applied drive signal

* For use on SDA line ONLY

« Buffer output has “no offset”
and pulls its output down
very close to OV

Characteristics:

+ Afixed third logic level is
introduced on the special I/O
side

* The third logic level is higher
(static offset) than 0.4V, but
low enough to still be a low
to the other devices on the
bus

Characteristics:

» A dynamic third logic level is
introduced by adding an
incremental offset voltage
to the input

« Either bus will be driven
(down), by a voltage
follower, to a level 100mV
higher than the voltage level
of the other bus

Characteristics:

* The bus current is
amplified, but in only one
signal direction

» Current gain enables a 3-mA
driver on the input side to
drive a bus with 30-mA pull-
up on the other side

h
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No Offset Buffer Characteristics

- Compatible (but not compliant) with 12C-bus or

13

similar buses
- Uni-directional clock

- The first one to score (first input to go low) takes control of
the bus and the other is disabled

- When an input falls below V., the buffer becomes enabled
and the other buffer is disabled. When the controlling input
signal rises above V.. the buffer is disabled and the
device Is ready to process any side that goes low next or
may be already low, but was unable to take control.

- To prevent latching, Buffers A and B must never be enabled

at the same time

- Both buffers are able to drive their outputs fully low, near OV.

- Buffer creates glitches when it changes direction and so
cannot be used on the SCL line. Therefore, clock stretching
IS not allowed and a true multi-master system cannot be

Implemented.

- Devices with “No Offset” is PCA9646.

Scoreboard Direction Control
Enabled .
: pen collect !

[butrar
I -
-~

Input I natle  Output
!

Veoor—T#

First side 1o
go LOW

Disabled

Input/Output Waveform

|

! > > !
Vbus=33V
LU y EN
q & q
< >
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Static Offset Buffer Characteristics

Compatible (but not compliant) with
|2C-bus or similar buses
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Fully bi-directional

Support multi-master operation, including clock stretching, and do not
generate any ‘glitch’

Isolates the bus

- The resistive and capacitive loadings connected on one side will have no loading
effect on the other side of the bus

- The rise times of buses connected at either side are determined only by the
components of each bus

Regenerates the input signal, but at a slightly higher output level on the static
offset side(s)

- Clean logic output LOW levels independent of their logic input LOW amplitude

- The special output LOW (VOL) is fixed at a level slightly higher level than the
0.4 V maximum requirement for driver devices

- For a bus operating above 3 V that complies with the I2C-bus requirement for a
LOW to be <0.25*Vbus

Devices with “Static Offset are PCA9507, PCA9508, PCA9509, PCA9515A,
PCA9516A, PCA9517A, PCA9518A, PCA9519, PCA9614, PCA9615,
PCA9616, PCA9527, PCA9600, PCA9601, P82B96

“Signature” Rising Edge Waveform

.+ Buffer stabic offsetigvel |

This ‘step’ is not a fault.
The ‘step’ is not a problem.
It's the characteristic ‘signature’
of a static offset buffer.

V, . Requirement not Met

V.. Requirement Met

'—] Switch opens here

“3av

.I__;_ : )J“
LR

PCASSIS

Sleer

O

| | “r‘ ;"_;:J |
-J

J



Incremental Offset Buffer Characteristics

Yolageiotoner]  (eewidie
' ' 100mV
. . . 2 ) . . : : o\ -

Compatible with [°C-bus or similar buses st [Tlow T \& —_

- FUIIy bl-dlreCtIOI’]a| Soc’:LO" —_— V:glfgg.e.f_o'llegv%r '—OSO(;L

- The V,_ and V,, levels are 12C-bus compliant wp;g:m 2 owI%L_

- The V, level will also be I°C-bus compliant provided the V, level Vo= Vie 100mv | VoL = ViL+ 100 mV
is designed to be just 100mV lower than the corresponding Vg, :::;’f:::: :::;’j:;“s
bus requirement (< 0.3*Vbus) :

- The concept and levels used in this type of buffer achieve the :
closest approximation to a “perfect” 1°C-bus buffer :

- The VIH level is chosen to be just slightly higher than V, because s LI LI
that remains 1°C-bus compliant, yet enables this type of buffer to o IR i
be applied in logic level shifting applications —— Y .

- The PCA9511A (and PCA9510A/12A/13A/14A) mixes some of e : Ouput|
the incremental offset characteristics and the static offset =9 | foe
characteristics. During the falling edge, the buffer resembles an : \ %
incremental offset type. If the input level falls below 0.5V, it \@g‘”’»«_f, ’
changes its characteristics to a static offset type with V,, of 0.6V. = N

h
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Amplifier Buffer Characteristics

Compatible (and compliant) with 1°C-bus or similar buses

16

Fully bi-directional

By amplifying the sink current of the I2C driver, a standard 12C device with normal
sink current capabilities of 3mA can drive a bus with a low value pull-up resistor.

P82B715 has a current gain of 10x in one direction and allows connection of a bus
with its pull-up resistor scaled for 30-mA sink current.

Because the two I/Os are joined internally by a 30Q resistor, there can never be a
voltage difference greater than 100mV between them. Typically, it's about 70mV.
Logic voltage shifting is not possible for this part.

The inputs have no switching thresholds, so its input levels are always 12C compliant.
Its output levels will be 12C compliant if the input levels are just slightly lower (100mV
lower) than the requirement.

The current amplifier senses the current being sunk by its driver and internally sink
to GND a current 9x larger than that drive. That gives the device a total sink current
of 10x the driver sink current.

The driver therefore only “sees” 1/10th of the actual load on the 30-mA bus — but
note that the load current is only “scaled”, it is not isolated as it is when using the
other three device classes that we call “buffers” because they do isolate the loading.

Capacitive loading is also scaled. 4,000pF on the 30-mA bus is equivalent to 400-pF
on the 3-mA bus

Asymmetrical, No Direction Control

Bus puppily

<100 e
> W = vl
| ! cumend 1 10xl|
tence = - J
} ’ 30 mA

" I
j 1’ 300 SDA o SC1
0 4

The drwver for the bus at the left side only needs to sink 1/10 of
the 20 mA current in the pullup resistor of the bus on the right

Bus ‘.l“‘y
D[ % <700 3¢
. T Y l 1A
F300 : | L
- v
t 1=K
: 9 ?

The driver for the bus at the right side needs to sink all of
the 3 mA current in the pull-up resistor of the bus on the left

P82B715 Input/Output Waveform

Vius =33V Vbus =313V
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Pros & Cons of Different Types of Buffers

4+ NO OFFSET —_
* Both I/Os pull-down to zero volts for full level swing and best * Only used on SDA due glitch during auto reversing
» Noise margin on output side * Only class that doesn’t support clock stretch or multi-master because SCL buffer is
+ Both inputs interface with any slave and with most buffers unidirectional
» User required to design Master’s timing to accommodate buffer and any system
delays

INCREMENTAL OFFSET

* Good Vg, as long as V,_is low enough + Offsets add up as parts are placed in series
» Can be used in series or parallel

» Supports logic level shifting

» Only type where both 1/0Os can be fully I2C compliant

HYBRID INCREMENTAL OFFSET

* Good Vg, as long as V,_is low enough + Offsets add up as parts are placed in series
* Variety of parts available including parts with special features such as rising edge » Can only be used for level shifting when part uses dual power supplies
accelerators, pre-charge, and current source pull-up * V, requirement restricts the bus low voltage

STATIC OFFSET

+ Strong drive down to Vg, (~0.6 V) » Forces a restrictive low bus voltage requirement on the static offset side
» Wide range of single and hub parts with special features and options - offset voltage, <+ Side using offset generally cannot interface with other buffers

drive strength, over-voltage tolerance, offset on only one side or all sides
* Work with any slave when bus low voltage is acceptable

AMPLIFIER
+ Allows driving high capacitance (~4,000 pF) with low value pull-up resistors » No enable
« Strong drive (30mA) * Not over-voltage tolerant
* No input level switch points * Input not isolated from output

17
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1°C-Bus Repeaters

11V 33V
- Why used? | |
- Voltage level shifting between host processor’s 1°C-bus and peripheral devices when 10k0 [jmu
there is a mismatch of supply voltages Vocw  Vecis)
- Used when additional drive is needed or to isolate two sections of the bus loading oA Al o DA
SCL A2 B2 SCL
- Where used? 11V PCA9509
L . . . MASTER SLAVE
- Digital logic level translation between host processor and slave device where ceu u[j 00 kre
capacitance isolation and speed of >3MHz (up to 30MHz) is required EN
- NXP Level Shifter Portfolio — e
: o Static Level Offset Idle Stop Detect for ESD
Device Description Normal I/O e Hotswap (HBM)
PCA9508 0.9V-to-5.5V Level Shifter with Offset Free Hot-Swap A Side B Side X 6KV
PCA9509 1.0V-to-5.5V Level Shifter B Side A Side 2KV
PCA9509A 0.8V-to-5.5V Level Shifter B side A Side 2KV
PCA9515A 3.3V / 5.0V I12C-Bus Repeater A & B Sides 2KV
PCA9516A 5-Channel 12C Bus Hub A & B Sides 2KV
PCA9517A 0.9V-to-5.5V Level Shifter A Side B Side 5KV
PCA9617A 0.8V-to-5.5V Level Shifter A Side B Side 5KV
PCA9518A 5-Channel I°C Bus Hub Expander A & B Sides 2KV
PCA9519 1.1V-t0-5.5V Quad Level Shifter B Side A Side 2KV
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PCA9509A 0.8 V to 3.3/5V Translator

Ve range 0.8V to 1.5V

Bidirectional Voltage translation between 0.8V -1.5V Vee) range 3.0 10 5.5V
and 3.0 V — 5.5 V without directional pin S M
Isolates bus capacitance él' [
ENABLE signal threshold controlled from 0.8 V side §) —— \f ?;j_ I
but is 5 V tolerant o | Voo 8
- ldeal for 0.8 V master controlling 3.3/5 V slave or § %l §
vice-versa 0 ﬁj——ﬂz s
- No external pull-up required on the 0.8 V side due to 2 ’ @
internal current source. No additional components _ o -
required_ A Side B Side
. Static Offset Normal I1°C Levels
Lower current consumption |
Low Voltage Side SMBus/5V
TSSOP8 and XQFNS8 packages
Target Applications veew ] O (] Voo
- Interfacing with very low voltage processors to support :;_ lj: PCAS509ADP % :;_
existing peripherals anp [4] [5] en

19



PCA951/7A

Voltage-Level Translating Buffer for [°C-Bus

20

Dual V. for level translation:

Isolates capacitance and noise for cable
application

- Used to enable bus in star configuration

- Used to for voltage translation in star
configuration

- Used to re-drive (repeater) in series
configuration

Incurs no voltage offset

- A-side has normal drive levels

- B-side has static offset levels

/O is high impedance when V. or EN is off
5.5kV HBM ESD Protection

Packages: SO8 and TSSOPS8

Redundant Power Supply

PCASSITA
PCASS1TA
PCA9517A

PCASS517A

arees
PCAGS17A S - s
B PCAS517A e

Redundant Power Supply Ethernat Switch
PCAS517A buffers each end of the cable

PCASS17A

Ethemnet Switch

Vs Ve
L .
lllll E [lll'.l i | 0 kil 10 kil
Wisg Vo)
S0 SOAA SOAE S0
sCL SOLA SCLE sCL
BUS §
MASTER PCASSITA SLAVE
M) kHz
EM
.
Yooy Moomm I
SDAA S0aB S
p—=| SCLA SCLE SCL
PCASSITA aLavE
4040 kHz
= LM
o L‘aJ|L| J~| 13 kil
Veow  Veoe [
EDAS SDAB S0
—=] SCLA sCLE SCL
PCAssITA SLAVE
M) kH
EMN
..... Q [Jusa waf] [Jws__| % (o | s ? [Josa
spa ——— Glids & 2B Shas  EDAR Ebas  Gh&B ELN
561 SELA  BELE GLs SELE St S01
i
k

AAAAAAA

FFFFFFF

PPPPPPPP
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PCA9617A 0.80 V to 2.5/3.3/5V Translator

21

- Bidirectional Voltage translation between 0.80V

— 5.5V and 2.2 — 5.5V without directional pin
|solate bus capacitance/level shift
Static offset 2.5/3.3/5V side

Supports 1 MHz system operation for Grantley
platforms

- ENABLE signal threshold controlled from 0.8 V

side but is 5.5V tolerant

- |Ideal for 0.8 V master controlling 2.5/3.3/5V

slave or vice-versa

- External pull-up required on both sides

Ve range 0.80V to 5.5V
Veee) range 2.2 to 5.5V

DT

VOB
|

PLASETTA

Processor

SCLA,

—H
1
jj_

Voo

Y

A Side

Normal 12C Levels

Low Voltage Side

I"'IEC-_F-: II I:‘-':" El l"'ICCIEI
SCLA | 2 7| SC0LE
= PCAS51TADP L]

SDAA [3 ] [ 6] SDAB
GHD [ 4] [ 5] EN

nnnnnn
b

DOZmaged |

B Side

i
9
©
O
~
0
S
0]
=
n

Static Offset
2.5/3.3V SMBus

g reo




OM13398: PCA9617A Bus Buffer Evaluation Board

- Fm+ Bus buffer with PCA9617A (could also use PCA9517A @ 400 kHz)
- On board adjustable voltage supply for VCC(A) (1.0V — 3.2V)

- Fm+ supply for VCC(B) (3.3V or 5V)
- Twin buffer signal flow

- MSOP8 or HWSONS footprints

- User select Pull-up values (A side)
- User select Capacitor loading

22

0o
S
(o Port A

PCA9617A

Port B — static offset

\oo

Port E
SDA/SCL1

| 1.0V to 3.2V LDO

Port A

PCA9617A

Port B — static offset

Port E
SDA/SCL2
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Hot-Swappable Buffers

- Why used?

- During hot-swapping, glitches on the SCL and SDA lines may cause data corruption
on the 12C-bus. The NXP hot-swappable buffers will prevent any data corruption in
these applications.

- Where used?

- Applications requiring 1/0O card insertion into a live system

- Multipoint Backplanes Cards

- VME

- cPCI

- AdvancedTCA Cards

- NXP Level Shifter Portfolio

Device Accelerator 1-V Precharge REE O Ogtput e Loy DUEYge fof L2 92-uA Current Source | ESD (HBM)
Icc Disable Translation
X 6KV

PCA9508

X

PCA9510A (Input Side Only) 8 2KV
PCA9511A 0.6V x x 2KV
0.6V
Fenala (with Disable Pin) * " o
X
PCA9513A 0.8V x (Input Side Only) e
PCA9514A 0.8V x 2KV

. R4



Long-Distance Bus Buffers

- Why used?
- Drives the I2C-bus signals over a long-distance cable and through inter-connects
- Re-drive the SCL and SDA signals into loads exceeding the maximum specified 400-
pF bus capacitance

« Where used?

- Between card interconnects (does not support voltage level translation)
- In noisy environment with compressors, pumps, relays, EMI, etc.

- To eliminate the need for multiple costly bus controllers

- AdvancedTCA

- Opto-Couplers Interface

- NXP Long-Distance 1°C-Bus Buffer Portfolio

3.0V -12.5V 100kHz 3,000pF 50m Single-ended 2.5KV
2.0V —-15.0V 400kHz 4,000pF 20m X Single-ended 3.5KV
2.5V -15.0V 1MHz 4,000pF 20m x Single-ended 4.5KV
3.0V -5.5V 1IMHz 100ft X Differential 4.0KV
3.0V -5.5V 1MHz 100ft X X Differential 4.0KV

. PR 4




P82B715: 1°C-Bus Extender

25

Features
- Wide supply voltage range from 3V to 12V
Amplifies the bus drive current in one direction

Inputs have no switching level thresholds
Compatible with 1°C-bus, SMBus, and PMBus
Does not do voltage level shifting

Applications
- Driving a bus with low pull-up resistors

Scales the current drive by 10x, but does not isolate the bus
Scales the capacitive loading and is capable of driving 4000pF load

- Extending the communication distance of the I2C-bus over wire

W Y SV {or 3.3W) A3 aav
L™ 23k Ve 1 kil Ve 4.7 kid Voo
SO S Lx L 5% SDA
N2
paze71s  or =milar PEZET1S
400 pF 200 pF
total loading totad loading
SV lagie levels | 3.3V legie lavels
Usirg simple dacrate lar logic lewel translation

Bus supply
<100
> o = ’r-lj
1 ! cunrend 1 1xl
SDA o« SCL "ree
ImA O { } 30 mA
%I’ 00 9x1Y SDA o SCL

The driver for the bus at the [ef side only neads to sink 1/10 of
the 30 mA current in the pulb-up resistor of the bus on the right

Bus im

1,:‘4;__‘___

The driver for the bus at the nght side needs to sink all of
the 3 mA current in the pullup resistor of the bus on the left,

Note how the two 1/0s are internally connected by a
30 ohim resistor. For all input voltages, the voltage
difference between l/Os never exceeds 100 mV.

I

-

| 1
vbus=3.sv} ( “."bus-lsv
e L, ..' -
G, 30 Lx\
GND
at P
<
///
Time :
%7

h
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PCA9614/15/16 Differential 12C-Bus Drivers
.- Features m_ﬂlﬁ:ﬁ"i

- Multi-point differential 12C-bus buffers R Ry S
- Communicate over long distances B > __rg
- Supports normal I2C mode (100kHz), and fast mode (400kHz) Iy S I —L;@_
- Drive cable lengths up to 100 ft _ 2 |

- Differential signaling to reduce noise and ground offset

- Twisted pair cable (or PCB traces) must be terminated at both ends in the
characteristic impedance of the cable (or PCB format)

- For the correct I>C-bus “idle” condition the terminations are biased to supply and Yoo [H L oo
ground voow (] () 18] Voo e 5] 2] oo
s0A [2 [8] DSDAM SCL (4| PCA9616PW | 11] mscim
% [3| PCA9614DP || DisbaR T¥EN [5] [15] pacip
30 [4] (7] DsCLM T [§] [%] om
. . vy [0 6] nscLp Vg [T | [ & ] omTe
- Applications = —
- ldeally suited for rugged high-noise or long-cable applications:
VDD voD
- Temperature monitors and leak detectors on remote-board environment with 0 ﬁ T
interrupt back to master ol o] . |
- LED control R — S
RET — — RET
- Open or short detection EN — — &N
- Power supply control in high-noise environment \ AR \

CABLE GHD

Heating and cooling control

Only one of two pairs shown

h
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PCA9614/15/16 Differential 12C-Bus Drivers

Block Diagrams

PCA9614 PCA9615 PCA9616

Vop(a) Voo(e)

I |

PCA9614

DSDAP

SDA —

DSDAM

DSCLP

SCL —o—1

EN

+ Simple
» Physical layer translation

27

DSCLM

0025ah586

PCADETS consdt
(e e | '
sCL - «""" DSCLP
{ o DSCLM
| |
S04 . H.J-*' o"‘" DSDAP
o DSDAM
Yooy
B =
EN Poaus
HOT SWAP LOGIC |+
TBI’I
Vooa o POWER-OM RESET,
Vooie: PLUG-IN DETECTION
AND DEBOUNCING
Vas —
=

DOZaahTES

» With hot-swap capability
» Connects bus only when voltages on
differential side are idle

PCAS616 connect
comnec?
-~ 4 o
. 1 osSCLP
:L - =1']
SOA ——+——r— q . i tie DSDAP
)8 e e OS0AM
FCaus
ONEN HOT SWAP LOGIC
EADY
<«
AAAAA POWER.ON
o~ DETECTION
. IAS STABLZATION DA_SE
s 4, -~ DINTP
l - NT™
LGN noonect

« With additional channel for interrupt or
any other control signal
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Solve Your I1°C Noise Problem with Differential Signhaling!

- The I°C bus has remained popular for a long time; it has the right features and cost
to solve many diverse applications

- When applied to large systems I°C shows weak noise immunity

- NXP has developed a new technigque to solve your noise problem

h
P
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Full Differential 12C

29

For the most transparent I°C upgrade, use the full differential solution with two
twisted pairs, one each for Clock and Data

vE[Em} VDD(B)
SCL— L SCL
- |
EI o X o
‘_
E zu z EY
o = e =
w o w o
[TH O W TR o w
SDA L o s o SDA
(o] (]
EN___ | EN
\l/ TWISTED PAIR \l/
CABLE or PCB
GND GND

h
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Encoded Differential 12C

- If your design is pin count or wire count limited to just two nets, use the encoded
differential I°C solution, which operates on existing wiring and delivers improved

system performance

V

D

D(A)

SCL —

SDA ——

EN

I’c
DIFFERENTIAL

ENCODER/

DECODER

VDD(B)

30

e

GND

I°C
DIFFERENTIAL

ENCODER/
DECODER

—— SCL

—— SDA

TWISTED PAIR
CABLE or PCB

e

GND

h
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Differential Signaling Advantages

- Differential signaling is well known in the telephone industry to reduce cross-talk,
(Patented in 1881). The same benefits apply today to differential 1°C techniques

Noise Reduction and immunity

- Two identical signals of opposite polarity are sent over a terminated transmission
line. Differential signaling results in cancellation of interfering noise. Correct
termination at both ends of long runs removes detrimental overshoot and
undershoot (found on the 1°C bus)

Ground (Common-mode) Offset

- An added advantage is that differential signaling doesn’t require a dedicated
ground connection, allowing differential 1°C signal to pass unharmed between two
locations that may not be at exactly the same ground potential

h
P
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Encode — Decode Advantages

- While the differential 1°C signals are superior to ordinary 1°C, two pairs of wires (or
PCB traces) are required. Doubling the number of circuit nets from two to four

- Application or retrofitting to systems with only two nets (the clock and data of 1°C)
IS possible with Encoded Differential 1°C, a brand new technique to combine the
two signals onto existing nets

h
P
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Application Circuit (3 channels, Hot Swap)

33

<
8
2

{1
o —

sCL
= SDA

| |

MASTER SLAVE
INT

CARD

PCA9616

Voo(s)
T 1
R1 R1
DSCLP 'y x
2 ¢ Y
R2 }% R2
DSCLM ’e T
T T
R3 R3 Vob(a)
R1 R1
DSDAP ©
=+ } { + s =
R2 R2 a
< SDA
DSDAM =
1 1 & ] |
R3 R3
| SLAVE MASTER
R1 R1
DINTP Y '
) y INT
R2 R2
DINTM L o
h A &
R3 R3
ps Vss T
rJ-: CARD
002aag411

Remark: For clarity. DSDAP and DSDAM are flipped from actual device pinout.
Fig7. Typical application for PCA9616




Application Circuit (2 channels, Hot Swap)
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Vop(a)
? sCL
u _ SDA
MASTER SLAVE
CARD

PCA9615

Voo(e) Voo(g)
T T
R1 R1
DSCLP . !
t & [ hd
R2 R2
DSCLM u J u
T 2 g
R1 R1
-
R1 R1
DSDAP L n
T 1 s ¢
R2 R2
DSDAM L .
) 4 h 4
R1 R1
5 3 p
sz Vss Vss rLr

Typical application for PCA9615

PCA9615

Vbp(a)
scL q]
SDA| .
SLAVE MASTER
CARD

002aah767




Application Circuit (2 channels)
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Vbp(a)
[E SCL
o _ SDA
| |
MASTER SLAVE
CARD

PCA9614

Voos) Voos)
2§ > &
R1 R1
DSCLP -; ] Vboia)
g 3
R2 R2
DSCLM . u
2 g 2 s
R1 R1 SCL |
| : PCA9614| op
R1 R1 T T
R2 R2 SLAVE MASTER
DSDAM L .
N & B (£
R1 R1
T T
rL Vss Vss /J-/ CARD
002aag408

Typical application for PCA9614
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Multiplexers & Switches Value Proposition

37

Why used?

- Address conflict resolution if two devices with
same address need to be on the same bus

- Voltage level translation to allow devices with
different voltage supplies to operate on the
same |°C-bus

- Broadcast communication to identically
addressed slaves

Where used?

- Notebooks, desktop, server, telecom, power
suppliers, and anywhere that requires the |°C-
bus to be split

Differences between Multiplexers & Switches?

- A mux can select only one channel at a time,
while a switch can select one or more channels
at a time.

Application Note AN262

2
2C Bus 12C Bus O

2C Bus 1

2
Interrupt Out I°C Interrupt O
Controller Interrupt 1

I°C Bus 0
I2C Bus
I°C Bus 1
Reset 12c Interrupt O
Interrupt Out Controller Interrupt 1

Switch

Can select one or more downstream channels at a time.
Multiple channels are selected in broadcast mode.




What Are Multiplexers and Switches

Application Note AN262

*
t t l
4 — [2CBusO
— i
< | l ‘ > [2CBus1
12C Bus g
12C Interrupt O
< Controller Interrupt 1
Interrupt Out \ g
Channel active after STOP command
Master
2, 4, 8 channel t
4 4
! i . 4 l i 2C Bus O
l | “12CBus 1
I2C Bus | ;
2
REsa 12C Interrupt O
< Controller Interrupt 1

Interrupt Out

Switch
. o N


http://www.standardics.nxp.com/support/documents/i2c/pdf/an262.pdf

Multiplexer / Switch Family

39

Mux/Switches
Family

Master Selector Interrupt & Reset

A 4

PCA9541A and PCA9641

Mux /w Interrupt
PCA9542A

Switch /w Interrupt & Reset
PCA9543A

A 4

Mux
PCA9540B

\ 4
4:1 Mux/Switches

Low Voltage Mux /w Reset

PCA9849

Low Voltage Switch /w Reset

PCA9846

» Low Voltage Mux /w Reset

Mux /w Interrupt
PCA9544A

A 4

PCA9847

Low Voltage Switch /w Reset
PCA9848

—

Mux /w Reset

Switch /w Interrupt & Reset
PCA9545A/B/C £

»

A 4

PCA9547

Switch /w Reset
PCA9546A

Buffered Switch /w Reset

(Fm+)
PCA9646

R Switch /w Reset
- PCA9548A

New Release
Bus operation down to 0.8V
and update to 1 MHz Fm+

h
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PCA9646 Fm+ 4 Channel I12C Switch

o

1 MHz I°C-bus
Pi—

I2C Bus O

ﬂ

I2C Bus 3

Fm+ Master

Controller

Fast-mode Plus (Fm+) version of PCA9546A (1 MHz I2C core and 30 mA SDA drive) that works in the Fm+ system to
allow Fm+ masters to fan out to four Fm+ bus segments.

- Maximum speed and capacitance loading (1 MHz with 550 pF) is available on each channel due to no offset buffer

40

integrated for each of the bus segments.
No Offset bus buffers require no masters or clock stretching on the downstream bus segments and voltage level

translation is not available.



J

PCA9848 8-ch Low Voltage 1°C-Bus Switch /w Reset

41

Multichannel I12C Selector Switch for low voltage supplies and voltage level translation

Bus Switches expand the I2C Bus and solve system design problems when reusing Slave Addresses, Isolating Bus sections
for configuration, and to aid fault-finding. With ultra-low voltage operation and Fm+ bus speeds; this octal switch can directly
connect 12C signals to next generation CPUs and SOCs.

Closely matches pinout of PCA9548A.:

- 2nd power supply pin for B side = Vp, (old A2 pin), existing V44 pin connected to lowest bus voltage
Lower voltage on the I2C master side: 0.8V to 3.6V

I/O side (slave) voltage: 1.65V to 3.6V

HVQFN and TSSOP packages

Key Applications

- Any customer previously using the PCA9548A who needs lower voltage. (PCA9548A only goes down to 1.8V)
- Telecom/Datacom

- Computing

- Factory/Home Automation

- Any customer using multiple I°C-bus devices with address conflicts

h
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PCA9848: 8-Channel Ultra-Low Voltage Fm+ 12C Switch with Reset

— |
-~ g Select up to eight Bus Sections Reuse Slave Address(es)
rS e
M — 5B g - 3 o - .
ot | 1 Disconnect 12C down-stream Isolate B_us Sections to aid fault-finding
553 | 4 and testing
we | i Branches
L 1 ‘ -Lv.
= I | | s 5 Dynamically change I2C bus paths Allows system reconfiguration in the field
o | ‘ LE a
:: | | | | 1+ 0.8 V to 3.3 V host side interface Direct connection to latest host
a A i 88 voltage support CPU/SOC ASICS
o0 i . ; J_F
ol ———— ] Expanded Device Address (using Allows eight devices to have unique 12C
— o — ‘ HIGH, LOW, SCL or SDA) Addresses using only two device pins
Vo —f— |
= l N . RN . e High Speed I>C Signal and Operates at Fm+ Clock speed
’ 2 i | Control Path (also STD and Fast-mode)
ni |
= 4mm x 4mm x 0.89mm HVQFN Small footorint
I — . And TSSOP24 P

2 N




Two to One I12C Master Selector w/Interrupt Logic and Reset

Master O I2C Bus i e
Slave Card I12C

Master 1 12C Bus Bus

Interrupt O Out 12C Interrupt In

Interrupt 1 Out Controller Reset
FEATURES KEY POINTS
«  Select one of two I2C masters to a single channel * Allows primary and backup master to
e |2C/SMBus commands used to select channel communicate to one downstream slave card.
« Reset or Power On Reset (POR) resets state machine *  Arbitration circuit between bus masters
« Interrupt outputs also report demultiplexer status * Doesn'tisolate bus capacitance
« Sends 9 clock pulses and stop condition to clear slave » Allows voltage translation between 1.8V, 2.5V, 3.3V and

card prior to transferring master SV

» Idle detect for live insertion protection

PCA9541A/01 - defaults to channel 0 on start-up/reset
PCA9541A/03 — defaults to off on start-up/reset, master commands channel

. R4



PCA9641: Two-to-One Demux with Arbitration |

« Solves PCA9541A arbitration concerns

- Neither Master 0 or Master 1 selected at start up with two arbitration
schemes:

- At the same time
= Master O and Master 1 receive control register ACK at the same time
- Race condition

= Master 1 starts writing to PCA9641 before Master 0 but Master O receives the
control register ACK before Master 1

- Software or hardware reset will return the PCA9641 to start-up condition
- Drop in to PCA9541A footprint but with different control registers

. , T [1]] [16] Voo
. 2.3-3.6V Supply with 3.6V tolerant I/O’s sDA_MsTD [Z] G 78] T
. . . SCL_MsTO [2] [14] sDa_SLAVE
- A bus time-out function will release the masters from the bus, generate RESET[2]  peaseas |12 SCLSLAVE
a stuck bus recovery sequence (9 SCL clocks to slaves), and return the oy =
PCA9641 to idle. Adjustable reset time (default > 2 seconds) e O 8] A
- BUSINIT function generates 9 clocks downstream before connecting v e
bus.
- 128 possible addresses using Vpp, Vss, SCL and SDA Neither channel connected at start up
M
44



PCA9641 Master Selector for Fault Tolerant Application

slave devices but doesn’t arbitrate.
- Better solution: PCA9641, new Fm+ arbitrating two to one demux

45

- Problem: Masters may not be multi-master capable or can lock up the bus.
- Solution: PCA9541A, a master selector, is used to separate the masters and still allow shared access to

. Assembly A SDA/SCL

~N

EEPROM

\.

Temp
Sensor FRU
|
EEPROM
\ J
( . Assembly B SDA/SCL )
] [ I I Master B
FRU FRU
|

J






What is a Bridge IC?

- Solutions for managing communication among various bus interfaces

- Allows one to overcome the limitations of the host bus interface to the peripherals

- Benefit :
— Greater design flexibility
— Ability to retain original design investment
— Faster time to market
— Link legacy and new systems and vice versa

a7



NXP Bridges Value Proposition

- Why used?

- Provide extra serial port, SPI or I2C controller. NXP BRIDGES
Interfacing MCUs with other 12C Bus Devices
a, easy, cost effective, low power solution

- Bridge between two different buses
- Three to five wires host interface connection

- Where used?

- Wireless modules
Industrial data communication
Industrial control Systems
Telecommunication network routers
Factory automation and process control

- Why NXP Bridges?
- Low cost, advanced low profile packages and easy to use solutions
- Sample demo boards and sample software code or drivers are available
- NXP offers extensive application support including on-line technical support: Interface.Support@NXP.com

. i



Selecting a Bridge IC

UART
12C

SPI

|2C/SPI-to-UART Bridges

Part # UART FIFO
SC16IS740 1 64
SC16IS750 1 64
SC16IS752 2 64
SC16IS760 1 64
SC16I1S762 2 64

UART-to-I°C Bridge

Part # UART

49

1°C
SC18IM700/S8 460.8kbps  400kHz

SC161S740
SC161S75x
SC161S76x
SPI GPIO
4Mbps -
4Mbps 8
4Mbps 8
15Mbps 8
15Mbps 8
GPIO CLK
8 Int

SC18IM700/S8

SC161S7401PW/Q900
* Fully featured standalone UART (IrDA) with I>°C/SPI

interface and 64byte FIFOs; -40°C to +85°C; TSSOP24;

AEC-Q100 compliant automotive qualification

SPI-to-I°C Bridges
Part # SPI 12C GPIO  CLK
SC181S600/S8 1Mbps  400kHz 4 Int

|2C-to-SPI Bridges

Part # SPI [2C GPIO CLK
SC181S602B/S8 1.8Mbps  400kHz 4 Int

h
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Demo Boards Support

OM6272 OoM6271 OM6274 OM62/0 & 73

SC18IM700 SC181S602B _

N

Features: Features: Features: Features:

* Demonstrates NXP’s bridge + Demonstrates NXP’s bridge < Demonstrates NXP’s bridge + Demonstrates NXP’s bridge
solution for communication solution for communication solution for communication solution for communication
between a UART host and between an SPI host and between an I2C host and between an I2C or SPI host
multiple I2C slave devices multiple 12C slave devices multiple SPI slave devices and a UART interface

» Simple interface to a host’'s  + Simple interface to an SPI » Simple interface to an * Selectable I2C or SPI-bus
UART port master and external 12C external 12C master and SPI interface

« On-board NXP I2C slaves slave devices via a header slave devices via a header
(EEPROM & LED Dimmer)  * On-board NXP I2C slaves « Selectable I2C slave device

» Board power provided (EEPROM & LED Dimmer) address

through USB port

. R4


http://ics.nxp.com/support/boards/sc18im700/
http://ics.nxp.com/support/boards/sc18is602/
http://ics.nxp.com/support/boards/sc18is600/
http://ics.nxp.com/support/boards/sc16is7xx/

GENERAL
PURPOSE I/O
EXPANDERS



GPIO Expanders Value Proposition

Why used?
- Easily adds I/O via 1°2C-bus
- Additional inputs for keypad, switch, signal monitoring and fan control

- Additional outputs for LED control, ACPI power switch, relay, timers and
sensor.

Where used?

Computing (Servers, RAID Systems, etc.)

Industrial Controls

Medical Equipment
Cell Phones

Gaming Machines

Test and Measurement Instrumentations
Why NXP GPIOs?

- Largest selection of 4, 8, 16 and 40-bit GPIO in Quasi-bidirectional and
Push-pull outputs with Interrupt and/or reset in a wide range of packages

- Invented the 12C-bus. Continuously developing newer devices with added
features to support different applications.

52

[ ]

2-wire

Microcontroller

Keypad Control

A A A A

\Z v

Y

Y

Zoom-in view
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Quasi-Output Structure:

» Strong PMOS transistor is turned on only during the LH transition and turned off during static drive

* Weak pull-up current source (100uA) at the output

/O Expanders with Flexible Output Structures

» Used in low-power applications where the 100-pA drive is sufficient to bias the inputs of CMOS devices

» May be reconfigured as an input or output without the need of a port configuration register

# of Interrupt Reset Interrupt 2Kbit Interrupt and
Outputs & Reset EEPROM | 2Kbit EEPROM
8 PCF8574/74A, PCA8574/74A, PCA9674/74A| PCA9670 | PCA9672 | PCA9500/58 PCA9501

16 PCF8575/75C, PCA9675 PCA9671 | PCA9673

Totem-Pole Output Structure:

» Upper PMOS transistor is turned on during LH transition and static high drive. Up to 10mA (or 25mA) of high drive

» Some devices have weak pull-up resistors at the output

» Used in applications requiring high drive for heavy loads

« Extra command byte needed to switch an I/O pin between input and output

Supply

General Purpose /O

alternative analog

=——=xu
# of Outputs None Reset Interrupt Interrupt and Reset SDA
P
4 PCA9536 PCA9537 B
8 PCA9557 PCA9534/54/54A |PCA9538, PCA9502, PCA9574
16 - - PCA9535/35C/55 PCA9539/39R, PCA9575 4
40 - - PCA9505/06, PCA9698 >

-

—4 =

=&

input configurations

h
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. )
Flexible 1/O (Output) Structures

Quasi Output Totem-Pole Output Open-Drain Output

Strong PMOS on for ¥2 SCL

VCC / VCC
/

|
@ lloo uA lﬂo mA$ R* -
input Output input : /0 l ~25 mA
- -
l ~25 mA l ~25 mA

/O

IR2I
IR2I

JiT
JiT

« Strong PMOS transistor is turned on only » Upper PMOS transistor is turned on during * No upper PMOQOS transistor
during the LH transition static high drive :
* No pull-up resistor
* PMOS transistor is off during static drive » Some devices have weak pull-ups at the :
* No weak current drive

- Weak current source at the output output

h
P
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1°C GPIOs

Totem-Pole Output Structure

BITS V RANGE BW RESET
4 2.3t0 5.5V 400 kHz NO
YES
2.510 3.6V YES
2.3t0 5.5V
2.3t0 5.5V YES
400 kH
8 2310 5.5V 00 kHz
2.3t0 5.5V YES
1.1to 3.6V YES
2.3t0 5.5V NO
2.3t0 5.5V YES
2.3t0 5.5V
1.1to 3.6V YES
YE
2.3t0 5.5V 400 kHz S
40 YES
2.3t0 5.5V 1 MHz YES
LOW VOLTAGE
YES
8 1.65 to 5.5V 400 kHz
YES
NO
YES
16 1.65 to 5.5V 400 kHz
YES
YES

55

INT

NO
YES

YES
YES

YES
YES

maskable
YES
YES
YES

maskable

YES
YES

YES

YES
YES
YES
YES

YES
100 KQ

YES

I/O PULL-UP

100 KQ

prog. PU / PD or bus hold

100 KQ
prog. PU / PD or bus hold
100 KQ

100 KQ

NOTES

SPI & I°C

Open Drain Interrupt output

Use PCA9554A for alternate 12C address

low voltage, 2 supplies for level trans. selectable open drain

“R” version resets 12C-bus state machine

Active low, low voltage, 3 supplies for level trans., selectable open drain

Output enable
Output enable
Output enable, selectable open drain

Low standby current: 1.5 pA typ at 5V supply; 1.0 pA typ at 3.3V supply

Use PCA9554C for alternate |12C address
Standby current: 3 pA max dual Ve

Low standby current: 1.5 pA typ at 5V supply; 1.0 pA typ at 3.3V supply

Dual V. low standby current: 1.5 pA typ at 5V supply; 1.0 pA typ at 3.3V supply

PART#

PCA9536
PCA9537

PCA9502
PCA9534

PCA9538

PCA9554/A
PCA9557

PCA9574

PCA9535
PCA9539
PCA9539R
PCA9555

PCA9575

PCA9505
PCA9506

PCA9698

PCA9538A

PCA9554B/C
PCAG408A

PCA9535A

PCA9539A
PCA9555A

PCAG416A




GPIO Expander Application Using the PCA9698

5V
VDD
1.1 ko 1.1kQ 20
1.8 k0 []]1.6 k2 [ﬁ{mt-mlh [ﬁz k2 [ﬁ{qmnaljl
Voo VoD e
MASTER PCA9G98
CONTROLLER SUBSYSTEM 1
SCL sCL o0 o (2.g.. temp. sensor)
SDA SDA 100_1 INT
RESET RESET 100_2 L.
T o INT/SMBALERT 100_3 RESET
TE OE 100_4 SUBSYSTEM 2
Vg 100 5 (e.g.. countar)
101_0 A
; enable | controlled switch
37 * \? {e.g.. CBT device)
104 0|, 5
o7 ALARM
ADZ SUBSYSTEM 2
AD1 (e.g.. alarm system)
ADD
Vs | 4-:; —{—+ Voo
24 LED MATRIX

Device address configured as 0010 000x' for this example.
100_0, 100_2, 100_3, 101_010 103_T are configured as outputs.

100_1, 100_4, 104_0 o 104_7 are configured as inputs.

56

ALPHANUMERIC
KEYPAD

12C-bus Serial Interface
- Fast-mode Plus (1MHz)
- Supports up to 64 devices on same bus

Control Inputs and Outputs
- Reset

- Interrupt (maskable)

- OE

Configurable Outputs
- Push-pulls
- Open-drain

Wide Applications

- Driving individual LEDs
Driving LED matrix

Reading from Keypad
Subsystem control signals
Subsystem status signals

Live Insertion (IOFF) Supports

h
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PCA95xxA and PCA64xxA Low Voltage GPIO Families
Operate Down to 1.65V and Up to 5.5V

V

VDD2 DD2
2.3V) PCA9555 (1.8 V) PCA9555A

| S _
Vop1 S \4 °
1.8V @ 8\ S
( ) (1.8 V) S
[0}
1 | — 1
e Translator Host T m
CPU (PCA9306 5 CPU —\
—m S Gl.P'O. ~—— o) GPIO
g Application Al P Application
o
. =
Il Il =

- Benefit
- Lower VCC to 1.65V on GPIO supply eliminates the need for a voltage translator

Easy migration
- Drop-in replacement for existing PCA95XX GPIO family

- Alternate source to Texas Instruments TCAxxxx family

57
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PCAG416A

Dual-V.. Low-Voltage, 16-Bit I°C-Bus /O Expander with Interrupt, Reset, and Configuration Registers

Features

58

Operating Power-Supply Voltage Range of 1.65Vto 5.5V
Low Standby Current Consumption of 3 uA Maximum

Allows Bidirectional Voltage-Level Translation and GPIO Expansion Between 1.8, 2.5, 3.3
or 5V SCL/SDA and 1.8, 2.5, 3.3, or 5 V Totem Pole configured 1/0 Port

Schmitt-Trigger Hysteresis of 10% of SCL/SDA Supply Voltage
Noise Filter on SCL/SDA Inputs

Fast Mode 12C Bus Operating Frequency of up to 400-kHz
Active-Low Reset Input

Open-Drain Active-Low Interrupt Output

5-V Tolerant I/O Ports

High current Drive for Directly Driving LEDs

Input/Output Configuration Register

Polarity Inversion Register

Internal Power-On Reset

Power-Up With All Channels Configured as Inputs

No Glitch On Power-Up

Package — 24 pin TSSOP, HWQFN and CSP

Latch-Up Performance Exceeds 100 mA per JESD 78, Class |l
ESD Protection Exceeds JESD 22

- 2000-V Human-Body Model (A114-A)

- 1000-V Charged-Device Model (C101)

ADOR

2L

S0

VD)
Voo
REZET

Ves

FCABS16A

- INTERRUPT
__["F'F"'T=R|'_| LG }'—I

|

Boaus [T ] BHIFT
CONTROL | ) REGISTER

KEETE

v

PORT [

PO_DioFO_T

Pl DePiT

wrilm pubss

— “Ead piik
FOWER-OIN
RESET

Al O ane sol o inpuls ai Fesel

PCABATBAPW

E Vooey
[25] aoa
EE:

(2] ei_r
:] I_G
il FI_E
E P4
[78] P1_3
[TE] P1_2
[ea] Pi_t
(3] i_n

i s

[31] appre "™

R
BEE1ELEE

HWQFN package is 4
X 4 x 0.8 mm with 0.5

mm pitch

Brakdied

e

BGA package is 3 x
3 x1 mm with 0.5
mm pitch
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PCAG424AHE: 24-Bit GPIO Expander

Key Applications

- Game Controllers
- Networking

- Smartphones

- Consumer

Key Features and Benefits
+ Industry Leading GPIO

- Simple solution for additional 1/0Os are needed for interfacing to sensors, push
buttons, keypad, etc

- Level translating 1.65 to 5.5V range

- 400 kHz Fast-mode 12C-bus Application Diagram

- Active LOW reset input (RESET)
- Open-drain active LOW interrupt output (INT)

- Input/Output Configuration register
- Polarity Inversion register

......

- Very thin Quad Flat Package (5 x 5 mm)

- Plastic thermal enhanced very thin quad flat package; no leads; 32 terminals;
body 5 x 5 x 0.56 mm

- For applications that are on space constrained boards

Tools

- Four I2C addresses per device

- The one ADDR pin support four addresses by connection to supply or GND
and also SCL or SDA

OM13526UL PCAL6524 Fm+
I2C 24-bit GPIO Demoboard

Use PCA6424A for electrical

characteristics

Available now

- Drop in alternate source

- TCAG6424ARGJIR

Part Number Package

PCAG424AHE HUQFN32

5]
27
8

fraj [ra] 52 75
=
]
e

PCAR4Z4AHE

[1=]1
)
2
!

NE] LR
(6| Pz 1
fir|rz o

oo ur o P

i T
W

59 PCAG6424AHE
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PCALxxxx Agile I/0O GPIO Features

60

- Input latch (bit-by-bit, default not latched): lock I/O pin changes on input until register read
- Output drive strength control (bit-by-bit, default 10 mA/25 mA)

- User can program 1I/O drive strength: 25%, 50%, 75% and Full (default)
- Can be used to control strength to better match line impedance

- Open drain control (bank-by-bank, default push pull)

- Provide an optional open-drain output for each 1/O pin
- Also provides an additional wired-OR plane
-PCAL6524 and PCAL6534 also have bit-by-bit push-pull or open-drain register selection

- Pull up or pull down (bit-by-bit, default no PU/PD): user programmable each I/O pin
- Interrupt mask and interrupt status (bit-by-bit, default not masked)

- User can enable or disable interrupts of each 1/O pin
- Identifies the source of interrupts of each I/O pin

h
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PCALxxxx GPIO Family with Agile 1/O

- Operates Down to 1.65V and Up to 5.5V

- Easy migration: drop in replacement for existing PCA95XX GPIOs

- Features input latch, /INT mask and other new Agile IO features

BITS

16

24

34

61

V RANGE

RESET

YES

YES

YES

YES

YES

YES

YES

INT
YES
YES

YES

YES
YES

YES

YES

YES

YES

I/O PULL-UP

programmable

programmable

programmable

programmable
programmable

programmable

programmable

programmable

programmable

NOTES
single V¢c
single Ve

dual V¢

single V¢ & advanced 10
single V¢ & advanced 10

single V¢ & advanced IO

Voltage Level Translation

Additional Agile I/0
features

Additional Agile 1/0
features

PACKAGE
HVQFN16, TSSOP16

HVQFN16, TSSOP16

HVQFN16, TSSOP16, XQFN16,
XFBGA16

HWQFN24, TSSOP24
HWQFN24, TSSOP24

HWQFN24, TSSOP24

TSSOP24, HWQFN24, 24-pin BGA
(XFBGA, VFBGA & UFBGA)

QFN32, TSSOP32, UFBGA32

VFBGA42

PART#

PCAL9554B
PCAL9554C

PCAL9538A

PCALG408A

PCAL9555A
PCAL9535A

PCAL9539A

PCALG6416A

PCAL6524

PCAL6534




PCAL6416A: Dual-V.. Low-Voltage, 16-Bit I°C-Bus Expander with

[INT, Reset and Configuration Registers

Features:
Operating Power-Supply Voltage Range of 1.65Vto 5.5V
Low Standby Current Consumption of 3 pA (Max)
Bidirectional Voltage-Level Translation between 1.8V to 5V SCL/SDA and 1.8V to 5V Totem | ...
Schmitt-Trigger Hysteresis; 10% of 1°C-Bus Supply Voltage

LP FILTER [+

LM

HTERRLUIPT |

PCALGH1GA

INPUT

Fceus [

1 SHFT

]
PORT

Fast Mode 12C-Bus Operating Frequency of up to 400-kHz e Ml I Sl B bl M NN
Active-Low Reset Input f !

Open-Drain Active-Low Interrupt Output ”'““j;';-; — :;, ;,;

5-V Tolerant I/O Ports e P

Output port configuration: bank selectable push-pull or open-drain output stages . —
Interrupt status (read-only) register identifies interrupt source

Bit-wise 1/0 programming for output drive strength, input latch, pull-up/pull-down enable,

pull-up/pull-down selection, and interrupt mask — ——

High current Drive for Directly Driving LEDs ”"UE‘"' frorvee

Internal Power-On Reset %: E ; %%EE\E E ERET zas pacIAGE
Power-Up With All Channels Configured as Inputs Polls - mflaooe o j‘:ﬁfﬂirﬁ sooR Eleocoo
No Glitch On Power-Up ] ol H = R 1 c[o0o0o
Package — 24 pin TSSOP, HWQFN and CSP % R e O S 1 £ alecooe
Latch-Up Performance Exceeds 100 mA per JESD 78, Class || ;?;E n ﬁm é;%;%; R

ESD Protection Exceeds JESD 22
- 2000-V Human-Body Model (A114-A)
- 1000-V Charged-Device Model (C101)

62

The exposed canler pad, if usad, must be connacled
sacondary GND ar must ba left alectrically opan.

onlyasa

PO_D1o PO_T
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PCALG524
Dual-V.. Low-Voltage; 24-Bit I°C-Bus I/O Expander with Additional Agile I/O Features and Fm+

Features:

63

24-bit GPIO

~ 0.85 — 3.6V I?C-bus for interface to processor

1.65 - 5.5V I/O and core supply

Fm+ (1MHz) interface

Additional Agile I/O + features:

Enhanced input read & INT status functionality

Input hysteresis for noise immunity

Clock gating for lower power

Auto increment mode for ease of use

SMBus ARA, device ID, software reset I°C interface

Latched input - register for latched state and also actual current input state
Logic transition level that will generate interrupt (high or low going)
Read the interrupt flags to determine which inputs have an interrupt request
Ability to clear individual interrupt flag

5 state per address pin

Slew control (Port 1/0)

Packages: TSSOP32, QFN32, UFBGA32

PCAL6524 Demo Board (OM13526)

- User Manual

h
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http://www.nxp.com/documents/user_manual/UM10868.pdf
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Low-Voltage GPIO Expanders — Comparison Table

Feature
Number of 1/0O’s
Serial Interface — 400 kHz

Number of devices on bus

Supply Voltage Range at Vcc core and Vcc I/O

Input & Output, Polarity Inversion and
Configuration Command Byte

Bus-Hold - Programmable

Pull-up / Pull-down - Programmable

Input Latch - Programmable

Interrupt Mask - Programmable
Interrupt Status - Register

Open Drain Output - Programmable
Output Drive Current - Programmable
Input Current Limiter

Hardware Reset

Software Reset

Istandby (VDD = 3-6\/)

64

PCA9574/75

8or 16
I12C-Bus

1,20r16

1.1Vto 3.6V

Yes

Yes

Yes

No

Yes
Yes

No
No
No
Yes

Yes

0.25 pA (Typ.)
1 pA (Max.)

PCAGB4XX

8or 16
I12C-Bus

2,40r8

1.65Vto55V

Yes

No

No

No
No

No

No
No
No
Yes

No

0.1pA (Typ.)
2 pA (Max.)

PCALG64XX

8or 16
12C-Bus

4,50r8

1.65Vt055V

Yes

No

Yes

Yes

Yes
Yes

Yes
Yes
Yes
Yes

No

0.1pA (Typ.)
2 pA (Max.)

Comments

One address pins provides two addresses except for the PCA9575 which has no address pins
on the 24 pin version due to the separate supply per octal but the 28 pin version has four
address pins allowing 16 devices on the bus.

Supports lower supply voltages with supply per octal for the PCA9574/75 and supply per total
I/O for PCA(L)64XX.

Registers used by all I/O expanders to control/configure I/o pins

Very small current source maintains undriven line high or low, doesn’t cause continuous
current drain when line is at opposite signal level.

100-kQ pull-up or pull-down at the I/O’s. Provides a valid logic level when the 1/O is not actively
driven.

Select which input changes “latch” in interrupt if input changes back before the register is read
Select which input changes would not generate an interrupt to reduce spurious interrupts.

User may read this register to identify the source of an interrupt directly without having to
remember the previous state of the input

Select I/O from push pull to open drain per byte

Selects reduced portion of output to control slew rate

Reduces current through the input when input voltage is above the supply voltage
External pin resets the state machine and I/O to default if fault

User reset the device in software to quickly go to a know state

Lower standby current

h
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1°C GPIOs

Quasi Output Structure

BITS V RANGE
2.5t0 6.0V

2.3t0 5.5V

2.210 3.6V

2.3t0 5.5V

4.510 5.5V

2.3t0 5.5V

16

2.3t0 5.5V

BW
100 kHz

400 kHz

400 kHz

400 kHz

1 MHz

1 MHz

1 MHz

400 kHz

400 kHz

1 MHz

1 MHz

1 MHz

RESET
NO

NO

NO

NO

YES

YES

NO

NO

NO

YES

YES

NO

INT
YES

YES

NO

YES

NO

YES

YES

YES

YES

NO

YES

YES

I/0 PULL-UP [

weak PU

weak PU

weak PU

weak PU

weak PU

weak PU

weak PU

weak PU

weak PU

weak PU

weak PU

weak PU

Note [1]: The Quasi-outputs have a strong pull-up (transistor) to V, to allow fast rising edges into heavy loaded outputs.

The devices with weak pull-ups have a 100-pA current source to Vpp,.
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NOTES PART#
PCF8574/A

PCA8574/A

2 Kb EEPROM PCA9500

2 Kb EEPROM PCA9501

PCA9670

PCA9672

PCA9674/A

PCF8575

PCA8575

PCA9671

PCA9673

PCA9675



Open-Drain Output 1°C I/0O Expanders

Devices

The PCA9538 is an 8-bit and the PCF8575C and PCA9535C
are 16-bit GPIO Expanders with open drain outputs.

Some push-pull GPIO Expanders’ outputs can be configured to
turn off the upper PMOS transistor and used as open-drain
devices

The PCA9574 is an 8-bit GPIO Expander
The PCA9575 is a 16-bit GPIO Expander
The PCA9698 is a 40-bit GPIO Expander
- Features

- The PCF8575C has a strong PMOS pull-up transistor to pull the
signal from low to high, when the device is driving as an output.

- The PCA9535C has true open-drain output structure.
- Both devices have open-drain interrupt output.
Applications

- The open-drain output GPIO Expanders are suited for
applications requiring the expanders to put the 1/O in high-
Impedance state and safe in power consumption.

66

PCF8575C Output Structure

Strong PMOS on for %2 SCL

» Strong PMOS transistor is
turned on only during the LH
transition

* PMOS transistor is off during
static drive

PCA9535C Output Structure

I/O

A

* No upper PMOS transistor
* No pull-up resistor

* No weak current drive




12C GPIOs

Open Drain Output

- No upper PMOS transistor

- Prevent current leakage through protection diode

BITS V RANGE
8 3.0to 3.6V
2.310 5.5V
16
4.5t0 5.5V
67

BANDWIDTH

400 kHz

400 kHz

RESET

NO

NO

NO

INTERRUPT

NO

YES

YES

I/O Pull-Up

weak PU

NOTES

2 Kb EEPROM, with 5-bit mux,
1-bit latch DIP SWITCH

PART(S)

PCA9558

PCA9535C

PCF8575C



Small, Low-cost, Low Voltage GPO Expanders
PCA9570/71
PCAQSTD

- FEATURES pense

- 1.1 V to 3.6 V operation with 4- or 8-bit, 4mA push-pull outputs ] ARR o conte, || reciren [emmmmnms) ecar K= rowers

- 1 MHz 12C-bus interface with 6mA SDA sink capability for lightly 1;!'

loaded buses and improved power consumption - el puise |
- Compliant with the 1°C-bus Fast and Standard modes Vil Iy “Reser

NEasphnd

Readable device ID (manufacturer, device type, and revision)

(1) POto PT for PCADSTT, PO to P3 for PCADSTO

Software Reset and power-on reset
Low standby current @ %
—-40°C to +85°C operation

ESD protection exceeds 2000 V HBM per

- JESD22-A114 and 1000 V CDM per Part Number P"i‘ri/i;aege Package Description Version
_ PCA9570GM4 plastic, extremely thin quad flat package; no leads; 8 terminals; )
- JESD22-C101 XQFN8  1ady 1.20 x 1.40 x 0.50 mm; 0.4mm pitch SOTL309-1
- Latch-up testing is done to JEDEC standard ZICTNEN  xQrng  Plastic, extremely thin duad flat package; no leads; 8 terminals; body - 57905 5
1.6 x 1.6 x 0.5 mm; 0.5mm pitch
= JESD78 which exceeds 100 mA PCA9571GU IRCENE plastic, extremely thin quad flat package; no leads; 12 terminals; SOT1174-1

body 1.70 x 2.00 x 0.50 mm; 0.4mm pitch

Packages offered: XQFN8 and XQFN12

\r
4\
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SPI-Bus GPI Expanders

69

Why used?

- Easily adds inputs via SPI-bus
- Additional inputs for keypad, switch, signal monitoring and fan control

Where used?

- Automotive Applications (Body Control Modules)
- Industrial Controls
- Medical Equipment

- Cell Phones

- Gaming Machines
- Test and Measurement Instrumentations

Part Number
PCA9701
PCA9702
PCA9703

PCA9704

Number of Inputs
16
8
16
8

Additional Feature

Individual input maskable interrupt

Individual input maskable interrupt

Microcontroller

Keypad Control

A A A 4

4-wire

L

\4

\4

Zoom-in view

AEC-Q100 Compliant

h
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GPIO Expanders Demo Boards Support

. Featu res OM Number Description (Device)
- Easy experimentation and training. . T . =
OM13488 T Universal 8-Bit GPIO Expander Daughter Card t
- I°C-bus 1/O Ports for GPIO Expander daughter cards 1349 | Uriversal 1651 GPIO Expander Daughier Card £ |
- Use USB to Windows PC/Laptop GU |/power OM13526 Universal 24-Bit GPIO Expander Daughter Card
. . T Available on eDemoboard
- See detalls In User Manual (U M 10206) 1 Requires an 12C-Bus master. User may already have a master or they can use
the OM13320.

- Order kits at www.demoboard.com or eTools

T e e -

l!u:‘zl.-.:,
SRREEE RN

fosssssi

US| S eeUOSSS OISO e
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http://www.nxp.com/documents/user_manual/UM10206.pdf
http://www.demoboard.com/
http://www.nxp.com/documents/user_manual/UM10267.pdf
http://www.nxp.com/documents/user_manual/UM10751.pdf
http://www.nxp.com/documents/user_manual/UM10752.pdf
http://www.nxp.com/documents/user_manual/UM10868.pdf
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LED Controllers Value Proposition

Why used?
- Offloads CPU from blinking operation

Where used?
- Equipment status indicator and control (Blinkers)

- Keypad and LCD backlighting (Dimmers)
- Color mixing and brightness control (Dimmers)

Why NXP LED Controller?
- Large selection of LED Controllers in a wide range of packages

- Minimized supply voltage ripple with programmable LED outputs phase shifting
- Thermally enhanced HTSSOP package

Mood Lighting

[ lmm

\

72
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Methods of Driving LEDs

73

R
dc
source ¥
(variable)
| = V|N _VF
F=———
R
Pros:

» Heat is dissipated in the resistor

» Source is independent of heat
dissipated

» Good for driving multiple LEDs in
series, with different V

Cons:
* I chances with V

Fixed current

Current v

source
dc

source ¥
(variable)
®
IF ~ constant

Pros:

+ LED light remains constant with
supply voltage fluctuations

Cons:

» Heat is dissipated at the current
source

» Current source is sensitive to heat
dissipation

Current-Mode

DC/DC
Converter
dc \V4
source
(variable)
IF ~ constant
Pros:

» LED light remains constant with supply
voltage fluctuations

* Ability to step-up or step-down LED
supply voltage

» Good for directly driving LED when source
and supply voltages are different.

Cons:
* More expensive

h
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|2C LED Switch, Blinkers, Dimmers and Controllers

Product overview

Fastmode Plus ) £1y Switch (GPIOS)

I2C Bus«—»
— I

PCA967x family

2C Bus <—» LED Dimmers
—_—> l
e > h

2 fast PWMs
»

PCA953x family

74

I2C Bus «—»
—>

LED Blinkers

2 slow PWMs

_>_,

PCA955x family

Fast-mode Plus LED Controllers

I2C Bus<+—>
—>
Fast
PWM
on
every
output

Global
PWM

for dim

or blink

»_, ,

PCA962x & 3x families

h

P



LED Controller Portfolio
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Voltage-Source LED Controllers

LED Blinkers
(25mA /5V)

PCA9550

Number of Outputs

PCA9553

PCA9551

PCA9552

‘%\“%%‘\il“‘%{‘\‘{\

Current-Source LED Controllers
Device # of Outputs

PCA9952 [1] 16
PCA9955 [1] 16
PCA9955B [ 16
PCA9745B [l 16
PCA9755B [1 16
PCA9956B 24

PCA9957 24
[1] AEC-Q100 Qualified

PCA9530
PCA9533
PCA9531

PCA9532

FOSC

8MHz
8MHz
8MHz
8MHz
8MHz
8MHz

LED Dimmers
(25mA /5V)

Output Current

5mA ~ 57mA

5mA ~ 57mA
225pA ~ 57mA
225pA ~ 57mA
225pA ~ 57mA
225pA ~ 57mA

Color Mixing LED Controllers Color Mixing LED Controllers
(25mA /1 5V) (100mA / 40V)
PCA9632 1]
PCA9633
PCA9634 PCA9624
PCA9635 [l
PCA9685 213 PCA9622
PCA9626

[1] Low power version of PCA9633
[2] The PCA9685 has 12-bit PWM while the PCA9635 has 8-bit PWM

[3] AEC-Q100 qualified

Active-Low /OE

Yes

Yes
Yes
Yes

Yes

Interface

Fm+ I12C; 8 Addresses
Fm+ I12C; 16 Addresses
Fm+ I12C; 125 Addresses
Serial-Shift; No Address
SPI; 25 Addresses

Fm+ I°C; 125 Addresses
SPI; 10MHz

h
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LED Controllers Applications: PCA962x LED Controller

. Features: 8-Bit
- Programmable LED drivers Bl
- Outputs drive up to100-mA (per output) 2l
- Open-drain outputs allow voltages up to RGBA Color LcD Keyboard
40V Mixing Backlight Backlight

UptoT4OV Upto40V Upto40V

- Individual LED dimming with 8-bit or 256
steps individual PWM Voo =23V 1055V

- Global LED dimming or blinking with 8- %mm %GKQ 10K

<
)
<

bit or 256 steps individual PWM

- 124 individual addresses with 4
programmable sub calls address groups

- Fast-mode Plus I°C interface (1MHz)

High-Brightness
L LEB Coatrol B Up tOT4O v

- Benefits:

Applications:
- Same SOﬂware as PCA963X e High-voltage lighting environment

. . RGB or RGBA LED driving for color mixing
- Drive up to 100mA @ 40 V, with High-current drive LEDs
LEDs in series

5V

N A

N

Status
Indicator LEDs

LCD backlight applications
Keypad backlight applications = =
LED light bars I°C-bus address = 0101 010x

. NX



PCA963x: 25-mA/ 5V LED Controller
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Features:

- LED drivers with totem-pole outputs to sink up to 25mA or
source up to 10mA (per output)

- Individual LED dimming with 8-bit or 256 steps individual PWM

- Global LED dimming or blinking with 8-bit or 256 steps individual
PWM

- Fast-mode Plus I?C interface (1MHz)

- 124 individual addresses with 4 programmable sub calls address
groups

Benefits:

- Same software as PCA962x

- Drive up to 25mA per output
Applications:

- Industrial Lighting

- Emergency Warning Lights

- High-Voltage Lighting Environment

s 2V
vorl |
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PR | p— =t e, e, e, e, e o,
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= —— . 24
-
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PCASEDS —T T 1
- r -~ -~ — -~
L u < < < g
y T, D, o,
LS SO S L B
EDe b,
= —3—f +
L= — &
AAAAAA 2]
| |
g U U U U v
e y Sy —&-" .- —‘-;,
b B <R gD S < .
£0a —J "
LEDe v
LEDS + b,
= ——— 4
i — ¥
- —
—————
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UEDS e
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PCA9632
PCA9633

PCA9634
PCA9635

h

4-Bit

8-Bit
16-Bit
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PCA9685 Application (LED Lighting)

Easy color mixing

VCCS

\ Veeo &3 Larger current /
Global dimming also i\i i higher voltage
—_ RGB-LED
OE \

/ with external pin
Drive high efficiency
XY W converters
PCA9685 ¥ ¥r I v
CcCca
v ~» PWM1 —» —p————
A
cel > PWM2 > > 2
| =2 > -
1 g' - 2
puC : 8 —» —= 2
1 1 \}
z : I DC/DC
—> —> > 1
I2C bus, easy N S converter
remote control input UBA3070

— PCA9685 :
| i - Key benefits:
> PWM2 —> - Self-contained 12-bit resolution PWM on each output
: S can be set once
I o
: - - PWM frequency adjustable from 40 .. 1000 Hz
—» PWMn —» - No PWM clock running across the PCB = lower EMI

)
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PCA99558B: Simplified

20V / 57mA 16-Channel Constant-Current LED Controller

Applications Diagram

W= A3V ar 5OV

1 W1
'-cnus-s,\m:.; M- -|m<.> J]I-k::l' e updo 0¥
FEATURES s i I3 T
« Ve(e=30V 5V e ==t |Fn1—|-—|-—;; \‘ -u.|q:~|_.
owpa SR -
- Constant current; Up to 57mA current drive/channel IF; “‘ ‘“ +:|_‘
- 20V sustaining voltage PoAsessA I:f I:f +<|
- REXT sets ILED for all channels . f S —H—-
- 4% channel-to-channel matching S &
- 16% IC-to-IC matching s REXT S L S S
- 0.8V (typ) regulation voltage L R et
- 256:1 LED current peak adjustment IR S S
- Gradation Control for all channels ] I CR S =
= Programmable step time from 0.5ms to 512ms | E S IR J':fl_'
= Programmable output current adjustment between linear and exponential curve ] B S &
- Real-time LED short or open detect e g A
- Digital Interface N e A et
- I2C (Fm+), 1 MHz (bi-directional) - - = et .}a_;
- Three quinary (five states) input address pins allow up to 125 devices to be connected on the same bus X =
- Four software programmable 12C-bus addresses (one LED group call address and three LED sub call addresses)
- PWM Generator .
_ 256:1 Individual PWM dimming range (31.25kHz) oaipat cument Grada_tgil?nrilnControl
- 256:1 Global PWM dimming range (122Hz) I 9
- 256:1 Global blinking (0.05Hz to 15Hz) o et e e
- Programmable phase shifting (125ns t01.875us) IREF_GRFx | o S —

79

Over-Temperature Protection (150 °C typ)
-40 °C to +85 °C Operating Temperature hedd OFF N
HTSSOP28 Package with Thermal Relief Pad M 2 s T4 T K fwacend)

Compliant to ESD Standards (3kV HBM, 1kV CDM) 3 full cydla .
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PCA9956B:

20V / 57mA 24-Channel Constant-Current LED Controller

FEATURES
- Output

- Constant current; Up to 57mA current drive/channel
- 20V sustaining voltage
- REXT sets ILED for all channels
- *4% channel-to-channel matching
- *6% IC-to-IC matching
- 0.8V (typ) regulation voltage
- 256:1 LED current peak adjustment
- Real-time LED short or open detect
- Digital Interface
- 12C (Fm+), 1 MHz (bi-directional)

- Three quinary (five states) input address pins allow up to 125 devices to be
connected on the same bus

- Four software programmable 12C-bus addresses (one LED group call address and
three LED sub call addresses)

- PWM Generator
256:1 Individual PWM dimming range (31.25kHz)
256:1 Global PWM dimming range (122Hz)
256:1 Global blinking (0.05Hz to 15Hz)

- Programmable phase shifting (125ns t01.875us)
- Over-Temperature Protection (150 °C typ)
- -40 °C to +85 °C Operating Temperature
- HTSSOP38 Package with Thermal Relief Pad

80

Simplified
Applications Diagram
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Comparison Between PCA9955 / 52 and PCA9955B / 56B

J

PCA9952 / PCA9955 PCA9955B (and PCA9956B)

0 to 57 mA (255-step)

Constant output current range

Maximum output voltage
Package

Output enable (/OE)
Output current accuracy

Address scheme

PWM signal for individual LED brightness control
(256-step)
LED Open/Short error detection method

Open/Short error flag bit

ESD (HBM/CDM)

81

0 to 57 mA (255-step)
40V

HTSSOP28 with thermal pad

No for PCA9955 (Yes for PCA9952)

+ 6% between channels
+ 8% between devices

Allow up to 16 devices in the same I12C bus with 4
address select pins slave address

e =

1| 1|0 |A3]|AZ AT ]| AD |RW

ﬁx;d hard;'are
selectable

31.25 KHz (duty cycle from 0% to 99.6%)

Manual set the FAULTTEST bit to start fault test

Single & shared bit to indicate either Open or Short in
error flag register

2000V/750 V

20V

HTSSOP28 with thermal pad
HTSSOP38 with thermal pad (for PCA9956B)

Yes

+ 4% between channels

+ 6% between devices

Allow up to 125 devices in the same I2C bus with 3

address select pins

slave address(1

AE | AS

Ad

A3

A2

Al

AD

31.25 KHz (duty cycle from 0% to 100%)

Real time automatically detecting in ERROR status

bit

Two bits to indicate Open or Short in error flag

register

3000Vv/1000 V

h
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PCA9745B SPI Daisy Chain Connection

82

SP| /cS T_) L
ICS ICS > /CS
HEEiE PCA9745B PCA9745B PCA9745B
SCLK |—e—>| scLk > SCLK >| SCLK
MOSI >| SDI SDO > SDI SDO SDI SDO
MISO |¢
®
SPI Data Format
DI5 | D14 | D13 | D12 (D11 | D10 | D9 D8 | D7 | D6 D5 | D4 | D3 D2 | D1 | DO rexT [1] 28] vio
o [2] \/ 27] soi
MSB Register Address LSE [R/W | MSB Data LSB spo [2] PCA9745BTW [#]scLk
res 4] [ 25] RESET
OF [5] : [24] vss
LEDO [& | | 23] LED15
LED1 [T : 2] LED14
. . LEDZ | B 21| LED13
SPI Master send 16-bit (clocks with address and data) x 3 o % {  [usom
(number of slaves) to access all slave devices at the same time Vss [10] | 9] vss
. . LED4 |11 My 18| LED11
Only one byte data can be read/write from/to all slave devices es % = -' %' eo10
No slave address required LEDS [13] 18] LEDD
. . . . 7 14 5
AEC-Q100 automotive compliant version available =07 [ 1] L<0e

h
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PCA9957: 32mA 24-CH Constant-Current LED Controller

Features

83

24 Channels constant current output

VCC =2.7V1o 5.5V

Output

Constant current; Up to 32mA current / channel

IREFX register to set current gain

Tolerant up to 5V

0.4V (min) regulation voltage; drop at LED Output

Absolute accuracy: +4% channel-to-channel matching

Digital Interface

- 4-Wire SPI-compatible serial-bus interface; up to 10MHz clock rate

- Output Enable input pin allows for external hardware blinking and
dimming of all LED’s

PWM Generator

- 256-step group brightness and blinking control from 0% to 99.6%
Hardware and Software Reset

8MHz internal oscillator requires no external component

140 "C Over-temperature protection

Package: 40-Pin 5mm x 5mm QFN

SPI Mater
CS i~

SDO [

SDI j———

SCK >
RESET p—————p»
OE p—————p»>

RiseT £
<

Up to 5V
1.8V/3.3V
VbD
cs LED1 k1
N
SDO E) \
=0l © LED2 1
ScK E |\l\
RESET O X
© °
OE &) °
L [ ]
REXT
PCA9957
LED24 1
Vss I;l\

h
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LED Controllers Demo Boards Support

(OM13310) OM13524 t 16-Channel Fm+ Constant Current LED Controller Demo Board (PCA9745B) ¥
4 OM13321 24-Channel Fm+ Constant Current LED Controller Demo Board (PCA9956A)

o oTasy
(OM13311) OM Number Description (Device)
4-Channel Fm+ Voltage Switch LED Controller Demo Board (PCA9633)
L e 4-Channel Fm+ Voltage Switch LED Controller Demo Board (PCA9633) 1
. 4-Channel Fm+ Voltage Switch LED Controller Demo Board (PCA9632)
¥ k ?: M !\“ M M rw 8-Channel Fm+ Voltage Switch LED Controller Demo Board (PCA9634) f
Y Y Y Y Y YN S 16-Channel Voltage Switched LED Controller Demo Board (PCA9532)
16-Channel UFm Constant Current LED Controller Demo Board (PCU9955)
16-Channel Fm+ Voltage Switch LED Controller Demo Board (PCA9685)
16-Channel Fm+ Voltage Switch LED Controller Demo Board (PCA9635)
16-Channel Fm+ Constant Current LED Controller Demo Board (PCA9952)
OR 16-Channel Fm+ Constant Current LED Controller Demo Board (PCA9955) t
16-Channel Fm+ Constant Current LED Controller Demo Board (PCA9955)
4 RGB + 4 White LED Board 16-Channel Fm+ Constant Current LED Controller Demo Board (PCA9955A)
| om13321 |

e D T
‘ '

" 1 Available on eDemoboard
g g P T Requires an 12C-Bus master. User may already have a master or they can use the OM13320.

g Ea

PCA9955 Board
(OM13309)

PCA9633 Board
(OM6276)

\r
4\

Any 12C-Bus Master

“
. e - - -

PCA9633 Board
(OM6282)

—-— — —— v —
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http://www.nxp.com/documents/user_manual/UM10317.pdf
http://www.nxp.com/documents/user_manual/UM10528.pdf
http://www.nxp.com/documents/user_manual/UM10537.pdf
http://www.nxp.com/documents/user_manual/UM10988.pdf
http://www.nxp.com/documents/user_manual/UM10706.pdf
http://www.nxp.com/documents/user_manual/UM11009.pdf
http://www.nxp.com/documents/user_manual/UM10709.pdf

REAL TIME
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Standalone RTC Highlights

RTC Families:

* Low Power RTC Family PCF8523, PCF2123

* Low Cost, Low Power RTC Family PCF85063, PCF85063A, PCF85063B
PCF85263A
PCF85363A

* Accurate RTC Family PCF2127(A)T/2, PCF2129(A)T/2

* Automotive RTC Family PCA8565, PCA21125, PCA85063A

Accurate/Automotive RTC Family  PCA2129T/Q900/2

Key Features:

+ Time keeping

* Low power; <100nA |l (PCF2123)

+ Large voltage range; 1.5V to 5.5V

» Clock from seconds to 99 years

* Programmable Timer

* Frequency output

+ Small packages (TSSOP8, HVSONL10, etc)

Value Proposition;

Ultra-low power, 1°C or SPI Interface

Low power, I°C or SPI Interface

Low power, time-stamp & battery switchover
Low power, 64-Byte RAM

Highly accurate RTC, 1°C and SPI Interface
High temp. up to 125°C, I°C or SPI Interface
Highly accurate and AEC-Q100 compliant

32kHz RTC

Oscillator/ CLKOUT

prescaler 0,1, ..., 32768Hz

Counters: s,

min, h, day,
month, year

Timer- Registers every second or
Dl Interface : everz minute or

I2C or timer
SPI-bus Interrupt

» For highly accurate time-keeping, choose NXP RTCs with as low as £3ppm accuracy
» For long battery life, chose NXP RTCs with the industry’s lowest current consumption of less than 100nA
» For rugged environment applications, there is no way around NXP RTCs with extended temperature range up to 125°C

and AEC-Q100 automotive compliant qualification

86
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Key RTC Products

87

Generation

[}
=
=
o
(S
S
S
=}
<

Key features

PCF8563

PCF85063
PCF85063A

PCF85063B

PCF85263A
PCF85363A

PCF2123

PCF8523

PCF2129A,
PCF2127A

PCF2129
PCF2127

PCA8565
PCA21125

PCA2129

PCA85063A

I2C-Bus

I12C-Bus

SPI Bus

I2C-Bus

SPI| Bus
I2C-Bus
I2C-Bus/
SPI| Bus

[2C-Bus/
SPI Bus

I12C-Bus
SPI| Bus

I2C-Bus/
SPI| Bus

I12C-Bus

SO8, TSSOPS,
HVSONS8

HWSONS8, SO8
HXSON10

HXSON10

SO8, TSSOP8/10
HXSON10

TSSOP14, HVQFN16

SO8, TSSOP14
HVSONS,

S020

SO16

TSSOP8, HVYSON10*
TSSOP14

SO16

TSSOP8=TT

* HVSON10 package variant is not automotive grade

Production

Production

Production

Production

Production

Production

Production

Production

Production

Production

Production

Production

Industry standard

Tiny footprint, best cost (PCF85063A with alarm)

Tiny footprint, best cost, alarm

Two alarms, watchdog, electronic tuning, battery management,
time stamp (PCF85363A features also 64byte of RAM)

Lowest power (100nA), electronic tuning

Low power (100nA), electronic tuning
Battery management

High accuracy +3ppm, -25°...+65°C Battery management, Time stamp, metal can
quartz (PCF2127A features also 512byte RAM)

High accuracy +3ppm, -40°..+85°C Battery management, Time stamp, ceramic
quartz (PCF2127 features also 512byte RAM)

Robustness: up to 125°C
Robustness: up to 125°C

High accuracy +3ppm, Battery management, Time stamp, ceramic quartz for
automotive

Like PCF85063A, Tiny footprint, alarm, up to 105°C

h
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RTC Selector Guide

©) v v v v v v v v v
& v v Vo Vo ¥ v v v v
z v o v v v v v v
T . v v Vm Vv v v
& v

O Con s v

“ AR v

-y v v v v v

v v % v v v v

- v

= v v

= y v

< PCA8565  PCA85063 v
=] PCA8565 PCA85063 PCA2129 v
— w kel eH CEH O B OCE B B
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PCF85063: Small Footprint Low-Power RTC

Available Versions:

PCF85063TP: I°C-bus, Limited feature set, 8-pin package
PCF85063A: I2C-bus, Full feature set, 8-pin package
PCF85063B: SPI-bus, Full feature set + CLKOUT, 10-pin package
PCA85063A: Automotive Qualified

Features

Cost optimized

Low-power consumption; At V5=2.0V, T,,z=25 °C,
no bus activity and CLKOUT actlve IDD—26O nA (typ)

Very small footprint packages

PCF85063TP PCF85063A PCF85063B

HWSONS (2 X 3 X 08mm) Electronic tuning Yes Yes Yes

HXSON10 (2.6 x 2.6 x 0.5mm)

S08 FCbus v v v
SPI interface

TSSOP8

Two interfaces supported; I1°C and SPI 1 min interrupt No Yes Yes

Two integrated programmable oscillator capacitors Alarm facility No Yes Yes

For 7-pF load Timer No Yes Yes

For 12-pF load

: ) CLK out Yes Yes Yes
Electronic Tuning

CLK enable No Yes Yes
TarQEt Applications Interrupt output Yes Yes Yes
Printers
Copy Machines Package HWSON-8 1 Sﬁféé?\f%ﬁﬁ ’ HXSON-10 1
Digital Still Cameras SOT number SOT1052 SOT1052 SOT1197

Digital Video Cameras

[1] 0.5-mm pitch
89 x



PCF85063:

Small Footprint Low-Power RTC

PCF85063TP and
PCF85063A only;
PCF85063B has SDIO,
SCL, CE instead

Oscl .
* /\
T Coscl | OSCILLATOR | piviDER »| cLOCK QUT » CLKOUT
32768 kHz
OSCO =
== Ccosco CONTROL
. MONITOR \
0dh Caontrol_1 ~
N
0ih| Control 2 PCF85063A and
. ozh|  Offset PCF85063B have
F’DF‘E"EEE TC'“ 03h] RAM byte additional CLKOUT
enable pin
TIME
Voo — 04h Saconds
05h Minutes
Vss — oeh| Hours
; 07h Days
08h Weakdays
WATCH
DOG 03h Maonths
r 0ah Years
L] ALARM FUNCTION > INT
2 Sacond_alamm
SDA x ' i
"] INTERFACE [+ Minute_alarm
SCL * Hour_alam
/ Day_alarm
Weekday alamn
- ™\l PCF85063A and
PCFE5063ATK PCF85063B onIy

90

PCFASOGIATK blodk_diag
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. U
Comparison: PCF8563, PCF85063, PCF85063A, & PCF85063B

Parameter / Feature PCF8563 PCF85063 PCF85063A PCF85063B

Interface 12C-bus, 400kHz I°C-bus, 400kHz I2C-bus, 400kHz SPI bus, 8MHz
Operating Supply Voltage 1.0V to 5.5V 0.9V to 5.5V 0.9V to 5.5V 0.9V to 5.5V
Interface Active Supply Voltage 1.8V to 5.5V 1.8V to 5.5V 1.8V to 5.5V 1.6V to 5.5V
CLKOUT Output Open-drain Push-pull Push-pull (With CLKOE) Push-pull (with CLKOE)
32.768 kHz, 16.3484kHz, 32.768 kHz, 16.3484kHz, 32.768 kHz, 16.3484kHz,
Programmable CLKOUT 32.768 kHz, 1.024 kHz, 32Hz, 8.192kHz, 4.096kHz, 8.192kHz, 4.096kHz, 8.192kHz, 4.096kHz,
Frequency 1Hz, Off (CLKOUT=High-2) 2.048kHz, 1.024 kHz, 1Hz, 2.048kHz, 1.024 kHz, 1Hz, Off 2.048kHz, 1.024 kHz, 1Hz, Off
Off (CLKOUT=Low) (CLKOUT=Low) (CLKOUT=High-Z)
Alarm / Timer Yes No Yes Yes
Selectable Quartz C, Tuning 12pF (typical); 7pF or 12.5pF 7pF or 12.5pF 7pF or 12.5pF
Capacitance 1 internal and 1 external (Both Internal) (Both Internal) (Both Internal)
Automatic Interrupt NoO Yes; Yes; Yes;
(30 sec or 1 min) Can also be disabled Can also be disabled Can also be disabled
. . Programmable offset register Programmable offset register Programmable offset register
Electronic Tuning No . . .
for frequency adjustment for frequency adjustment for frequency adjustment
RAM No 1 Byte 1 Byte 1 Byte
TSSOP8, SO8, DIPS,
Packages HVSON10 HWSONS8 HXSON10, SO8, TSSOP8 HXSON10

. NX



PCF85263 & PCF85363: Tiny RTC Family c A us

Available Versions:

PCF85263A: 12C-bus (1-Byte RAM) ——
ua
PCF85363A: I12C-bus + 64-Byte RAM
y oig‘lzor : Divider Clock out CLEEUT/
Features INT

Low-power consumption; At VDD=3.0V, TAMB=25 °C, No
bus activity and CLKOUT inactive, IDD<300nA (typ)

Additional integrated features

1/100 s resolution RTC, stop-watch or elapsed time Interface
counter RIS

Battery backup input
Time Stamps for tamper detection and battery switchover
UL Recognized Component ; ;
Watchdog | = Watch dos
Elapsed time counter L ' Damrics "I' ";' | |
Battery backed-up RAM (PCF85363) ‘ : [ | i-'i"5--'i§ aas
Target Applications
- Telecom and Networking Equipment

Interrupt

Servers Packages:
. . Leadless Tiny Package: HXSON10
Medical Equipment Leaded Package: TSSOP8, TSSOP10

Power Supplies Leaded Package: SO8 (PCF85x63A with 12C-bus)

. PR



The PCF85x63 Family Overview

Type
Function

RTC, resolution
Elapsed time counter

Alarm facility
Timer, Watchdog

Time Stamp
Battery backup input
RAM

Interrupts
Interrupt pins

I2C-bus interface 400kHz
SPI-bus interface 6.5MHz

RTC electronic tuning
Quartz, load capacity C, =

Package

Release Status

93

1s... years
no

1 Alarm
Timer, counter

No
No
No

Universal
1

Yes
No

No
with external C

SOs,
TSSOPS,
HVSON10

Released
mass production

PCF85063TP

1s... years
no

No
No

No
No
1 Byte

30 s,1 min
1

Yes
No

Yes
7pF / 12.5pF

HWSON 8
2x3x0.8mm
Tiny package

Released
mass production

1s... years
no

1 Alarm
1 Timer

No
No
1 Byte

30 s,1 min, universal
1

A-version
B-version

Yes
7pF / 12.5pF

HXSON 10
2.6 Xx2.6 x0.5mm
S08, TSSOPS8
(PCF85063A only)

Released
mass production

J

PCF85263A PCF85363A
PCF85263B PCF85363B

1/100s... years
yes

2 Alarms
Watch dog

Yes 2
Yes
1 Byte

universal
2, 1inSO8

A-version
B-version

Yes
6pF/ 7pF / 12.5pF

HXSON 10
2.6 X 2.6 x 0.5mm
S0O8, TSSOPS8, TSSOP10

PCF85263A Released
mass production

PCF85263B In
Development

1/100s... years
yes

2 Alarms
Watch dog

Yes 2
Yes
64 Byte

universal
2, 1inSO8

A-version
B-version

Yes
6pF/ 7pF / 12.5pF

TSSOP10,
HXSON 10
2.6 X 2.6 x 0.5mm

PCF85363A Released
mass production

PCF85363B In
Development

\r
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PCF2123: Ultra-low Power RTC with SPI Interface

Supply current as low as 100nA (typ.) at VDD = 2.0V and Tamb = 25 °C

Key Features:

94

Ultra low power 100nA @ 2V (typ.)
Large voltage range 1.5...5.5V
SPI bus up to 6MHz

Clock from seconds to 99 years
Programmable Countdown Timer

Programmable Output Clock
Frequency with Output Enable pin

Electronic tuning

Small packages TSSOP14,
HVQFN16 and U (die only)

0sC1

Q5C0

TEST

Vs —f

HH HH

oscillator] | aner
32.766 kHz

MOMITOR |—

POWER ON
RESET

WATCH

g 8

aCL

5P A
INTERFALCE [ | |

PCF2123

| cLOCK oUT —Ij)—

OFFSET FUNCTION
oo OFFSET

TIMER FUNCTION
0E [ TIMERICLKOUT CONTROL
oF | counTDOwH TIMER

CONTROL
1] CONTROL/STATUS 1
0| cowTROLSTATUS 2
TIME
02 QSSECONDS
03 VLMINUTES
04 HOURS
05 DAYS
06 WEEKDAYS
ar MOMNTHS
08 YEARS
L.
ALARM FUNCTION | nTERRUPT —l o
MINUTE

HOUR

DAY

HEEE

WEEKDAY

CLKOE
— CLEOUT

—INT

Odra ]
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PCF8523: Ultra-low Power RTC with I2C Interface

M us

Supply current as low as 150nA (typ.) at VDD = 3.0V and T,,,= 25 °C

Key Features:

Ultra low power 150nA @ 3V (typ.)

Large voltage range 1.6...5.5V

1MHz Fast-mode Plus (Fm+) I2C Interface
Clock from seconds to 99 years
Programmable Countdown Timer
Programmable output clock

Power Fail Detection Function

Battery Switch-Over Function

Battery Low Detection Function

Electronic Tuning

UL Recognized Component

Packages: SO8, TSSOP14, HVYSONS8 & U

95

Standard mode

Imternal power supply {= Vess)

\\ Intemal power supply {= Weas) ra
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PCF2127A/ 29A: Low-Power Accurate Real Time Clock (aRTC)

Features and Benefits

High accuracy (=3ppm; typ.) for accurate time reference Sindard RTC (Non-Compensated) ﬂ“ Us

- Ultra-low power consumption enables long battery life 20,0 /

- ~500nA @ Vpp=2.0V and Tamb=25°C NI} :zz / \
Integrated quartz crystal requires no external quartz : _80:0 / \

- Integrated TCXO with temperature compensation circuit 4100.0
requires no external temperature sensor and no 120.0 /
temperature dependent tuning .140_0,/R bar e g

) ) ] emember: ppm = 1s/day.
Battery backup and switchover functionality ensures 1000 3010 0 10 20 30 40 50 60 70 B0
reference timekeeping during power down TEMPERATURE (°C)

- Factory calibrated -and read}/ at very first powclar up Accurate RTC (Compensated) |
No external capacitors required and no re-calibration 0.0 — —
required to compensate for aging 200 // \\ 3
Integrated 512-byte RAM (PCF2127A) for retaining -400 N
critical data during power down At s00

=
- UL Recognized Component z 1:22
SPI and I2C Interface > 4200
Typical Brrar: Only 3
. SO20 Package oo | IS .nléosrff g“o‘j :er
-160.0

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80
TEMPERATURE (°C)

- AEC Q100 Compliant (PCA2129T/Q900)

h
P
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PCF2127A/ 29A: Low-Power Accurate Real Time Clock (aRTC)
PCF2127A & PCF2129A Feature List

97

Operating Temp. Range

Accuracy (typ)

Interface

RAM

Package

Supply Voltage Range VDD

Battery Supply Voltage Range VBat
Supply Current (typ.)

Battery Switch over function

Battery Low-Detection Function
Extra Power Fail Detection Function
Battery backed Output Voltage Pin
Reset Output Pin

Countdown timer and watch dog function

Time Stamp Function

-40°C, ..., +85°C

13 ppm; from -15°C to 60°C
15 ppm; from -25°C to -15°C
15 ppm; from +60°C to +65°C

I2C and SPI
512 Byte
S020

1.8V -4.2V
1.8V -4.2V
500nA @ 2.0V and T,,,,=25°C
Yes

Yes

Yes

Yes

Yes

Yes

Yes

-40°C, ..., +85°C

+3 ppm; from -15°C to 60°C
+5 ppm; from -25°C to -15°C
+5 ppm; from +60°C to +65°C

I2C and SPI
S020

1.8V -4.2V
1.8V —-4.2V
500nA @ 2.0V and T,,,,=25°C
Yes

Yes

No

Yes

No

Watchdog only

Yes

h
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PCF2127(A)/ 29(A): Differences in Accurac

Key features:

The PCx2129 comprises a Real Time Clock (RTC) and a temperature
compensated quartz oscillator (TCXO). The quartz crystal itself is integrated into

the package.

There are 2 major version one in SO20, the other one in SO16. They feature
different frequency response.

Type number

Version

Grade

Frequency accuracy

Construction

Silicon foundry
Assembly fab
Wafer and final test

Release status

Package

Quartz Type

98

Industrial

General Quality spec

PC2127T/2, 2129T

Industrial

General Quality spec

GQs GQs
+/- 5ppm -15°C...+60°C +/- 8ppm -30°C...+80°C
+/-10ppm -25..-15, 60..65°C +/-15ppm <-30°C, >80°C

Metal can quartz

TSMC Taiwan
APB Bangkok Thailand
APB Bangkok Thailand

Released,

Ceramic quartz

TSMC Taiwan
APB Bangkok Thailand
APB Bangkok Thailand

Release,

&

SO16

oo 1]
40 anpls
Frequency
stability
ppm) + 10 ppm + 5 ppm + 10 ppm
i |
a = =
/ </ TN\ L\
L]
-4a / \\
|z?/ \_\
B
40 -2 20 40 B0 al 100
Tempsarature [7C]
40 O13lasa3ds
Freguendy
stability
{ppm) + 15 ppm + 8 ppm + E_pprrl
1] /,- =,
i X\ "\
=40 / \‘\
-B0 I |
=40 20 o 20 40 &0 a0 100

Temnperature (“C}

NX
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PCA2129: Automotive Qualified Accurate Real Time Clock (aRTC)

Features and Benefits: Standard RTC (Non-Compensated)
i
High accuracy (£3ppm; typ.) for accurate time reference o l:“ S
- +3ppm accuracy -30°C to +80°C B / U
- 5ppm -40°C to -30°C -40.
pp N 40.0 / \

- +5ppm +80°C to +85°C -60.0 % \

Temperature Range from —40°C to +85°C § -80.0 / \

Voltage Supply from 1.8V to 4.2V ~1000 /
Ultra-low power consumption enables long battery life :jzz /
- ~500nA @ Vpp=2.0V and Tamb=25°C '160'0'Remerr ber: 115 ppm = 1s/day.

Integrated quartz crystal requires no external quartz B L TN OOV

) ) o ) TEMPERATURE (°C)
Integrated TCXO with temperature compensatlon circuit requires no external temperature Accurate RTC (Compensated)
sensor and no temperature dependent tuning

Factory calibrated and ready at very first power up 0.0 = — T

SPI and I2C Interface 200 / \\ f

SO016 Package 00 \
Aflf, 600

AEC Q100 Compliant

o -80.0
-100.0

Target Applications:
Electric Car Battery Management
Charging Stations
Body Control Module

-120.0 -
Typical Errar: Only #3ppm oyer

-30°C tp §0°C
-160.0

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80
TEMPERATURE (°C)

-140.0
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Comparison: NXP Accurate Real Time Clocks

Key Features:

- The aRTC comprises a Real Time Clock (RTC) and a temperature compensated quartz oscillator (TCXO).
- The quartz crystal is integrated in the package.

- No need for further tuning over time; Just set the clock time once.

- The type names are quite similar, but the differences are highlighted bold characters.

Type number
Version

Grade

Package

Frequency accuracy

Construction

Silicon foundry
Assembly fab
Wafer and final test

Release status

100

Industrial

General Quality spec
GQS

S020

+/- 5ppm -15°C...+60°C

+/-10ppm -25..-15, 60..65°C

Metal can quartz

TSMC Taiwan
APB Bangkok Thailand
APB Bangkok Thailand

Released
mass production

2129 +
512 Byte RAM
count down timer
reset output pin

Industrial

General Quality spec
GQS

S020

+/- 5ppm -15°C...+60°C

+/-10ppm -25..-15, 60..65°C

Metal can quartz

TSMC Taiwan
APB Bangkok Thailand
APB Bangkok Thailand

Released
mass production

Industrial

General Quality spec
GQS

SO16
drop-in compliant to SO20

+/- 8ppm -30°C...+80°C
+/-15ppm <-30°C, >80°C

Ceramic quartz

TSMC Taiwan
APB Bangkok Thailand
APB Bangkok Thailand

Released
mass production

2129 +
512 Byte RAM
count down timer
reset output pin

Industrial

General Quality spec
GQS

SO16
drop-in compliant to SO20

+/- 8ppm -30°C...+80°C
+/-15ppm <-30°C, >80°C

Ceramic quartz

TSMC Taiwan
APB Bangkok Thailand
APB Bangkok Thailand

Released
mass production

Automotive

AEC-Q100
Grade 3

SO16

+/- 8ppm -30°C...+80°C
+/-15ppm <-30°C, >80°C

Ceramic quartz

TSMC Taiwan
APB Bangkok Thailand
APB Bangkok Thailand

Released
mass production

h
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Real Time Clock (RTC) Design Support

n
<
©
Key Features @
- 12C or SPI bus interface USB-I2C-bus Dongle I5 |
- Back-up battery installed ) © ;é’ll .
- Multiple package footprints for different S ,’J :
package options. RTC Selectable by jumper. 'E')J kX
- Demonstrates different features: ~ 2
- Timekeeping 3
- Calendar s RTC Eval Board  User Manual
23, val Boar ser Manua
- Two alarms with two configurable interrupt lﬁs(a)n"a?w
e PCF2123 OM13512 T UM10759
Gl LA LT
— Clock OUtpUt ~ PCF8523 OM13511 f UM10670
_ Counter PCF2127, 29 OM13513 T UM10762
. . PCF85063B OM11059 T UM10699
- Stopwatch with 1/100 second resolution ‘ OM11059A  UM10698
\ CF85063
- Interrupt Feature - 7 PCFBS063A OM13515+  LM10788
- Timestamp —— : |l PCF85263A OM13510 t UM10766
- Low Power pge % O W PCFB5363A OM13514t  UM10787
¥ SRR a e OM13518+  UM10789

1 Available on eDemoboard

\r
4\
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http://www.nxp.com/demoboard/OM13512.html
http://www.nxp.com/documents/user_manual/UM10759.pdf
http://www.nxp.com/demoboard/om13513.html
http://www.nxp.com/documents/user_manual/UM10762.pdf
http://www.nxp.com/demoboard/OM11059.html
http://www.nxp.com/documents/user_manual/UM10699.pdf
http://www.nxp.com/demoboard/OM11059A.html
http://www.nxp.com/documents/user_manual/UM10698.pdf
http://www.nxp.com/demoboard/OM13515.html
http://www.nxp.com/documents/user_manual/UM10788.pdf
http://www.nxp.com/demoboard/OM13510.html
http://www.nxp.com/documents/user_manual/UM10766.pdf
http://www.nxp.com/demoboard/OM13514.html
http://www.nxp.com/documents/user_manual/UM10787.pdf
http://www.nxp.com/demoboard/OM13518.html
http://www.nxp.com/documents/user_manual/UM10789.pdf

PCF2127A/ PCF2129A Evaluation Kit (OM11051)

Key Features

- Demonstrates functions of the PCF2127A or the PCF2129A accurate Real Time Clock,
together with software examples.

- On power-up, the unit enters the clock mode and the LCD displays the time
- Software examples showing how to program the RTC are included
- Based on the LPCXpresso (LPC1343 MCU)

- Demonstrates different features: _
- Clock £ " ants o el ssdnse
- Calendar | =
- Alarm
- Counter
- Interrupt Feature
- Timestamp
- Battery Backup
- Low Power

OM11051 is available on eDemoboard

h
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Application Notes

AN10652:
AN10857:
AN11120:
UM10301:
UM10698:
UM10699:

103

Improved Timekeeping Accuracy with PCF8563 Using External Temperature Sensor
Application and Soldering Information for PCF2127A and PCF2129A TCXO RTCs
Application and Soldering Information for PCA2129 Automotive TCXO RTC

User Manual for NXP Real Time Clocks PCF85x3, PCA8565 and PCF2123, PCA2125
User Manual for I°C-Bus RTC Demoboard OM11059A

User manual for SPI-bus RTC Demoboard OM11059

h
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http://www.nxp.com/documents/application_note/AN10652.pdf
http://www.nxp.com/documents/application_note/AN10857.pdf
http://www.nxp.com/documents/application_note/AN11120.pdf
http://www.nxp.com/documents/user_manual/UM10301.pdf
http://www.nxp.com/documents/user_manual/UM10698.pdf
http://www.nxp.com/documents/user_manual/UM10699.pdf

TEMPERATURE
SENSORS



I°C Temperature Sensors

- Determine temperature and set window for interrupt, alarm,
fan control, shutdown, etc.

- Applications

- Industrial, medical, server, workstation and storage motherboards,
enterprise SSD and hybrid drives power supplies, DIMM modules

- Large selection of commonly used local and local/remote
thermal sensors

- Wide range of packages
- Continuous innovation with lower voltage, smaller
- package and higher accuracy

105

remote diode

sensor

h

P



12C Temperature Sensor Portfolio

ACCURACY ACCURACY SMBus
V RANGE (LOCAL) (REMOTE) TIMEOUT TEMP RES. ADC RES.
2.81t0 5.5V t2°C YES 0.125 11-bit
2.7t0 5.5V YES 0.125 11-bit
+1°C
1.7 to 3.6V YES 0.125 11-bit
3.0t0 3.6V YES 0.125 11-bit
+1.0°C typ.
(-40to +125 °C) i
1.651t0 1.95V +0.5°C typ. YES 0.0625 12-hit
(0 to +85 °C)
3Vto 5.5V +2°C +3°Ct 1.0 8-hit
3.0Vto 3.6V +2°C t1°Ct 0.125 11-bit

106

SUPPLY CURRENT

operating: 300 pA
standby: 1 pA

operating: 200 pA
standby: 1 pA

operating: 400 pA
standby: 5 pA
operating: 400 pA

standby: 3 pA

operating: 30pA
standby: 1 pA

operating: 70 pA
standby: 3 pA

operating: 500 pA
standby: 10 pA

NOTES

industry standard,

low voltage

DDR3, 2K EEPROM

TMP102
replacement, 1.8V

T The NE1617A and SA56004 can also be connected to an external diode for remote temperature sensing.

L=

PACKAGE PART#
S08, SSOP8,
XSON8U, HWSONS LM75B
(metal pad)
S08, MSOPS8,
HWSONS, PCT2075

SOT23-6 (TSOP6)

HWSONS SE98A
HWSONS SE97B
WLCSP6 PCT2202
QSOP16 NE1617A
aeg'o TNSSSOP& SA56004

=+ (1000



L75B: Local Digital Temp. Sensor & Thermal Watchdog

Features

Pin-for-pin replacement for industry standard LM75 and LM75A
I°C-bus interface - 8 devices on the same bus

Power supply range from 2.8 Vto 5.5V

Temperatures range from -55 °C to +125 °C

Frequency range 20 Hz to 400 kHz with bus fault time-out to
prevent hanging up the bus

11-bit ADC - temperature resolution of 0.125 °C

Temperature accuracy of:

- 2 °C from -25 °C to +100 °C

- +3 °C from -55 °C to +125 °C

Programmable temperature threshold and hysteresis set points
Max supply current of 1.0 A in shutdown mode

Stand-alone operation as thermostat at power-up

ESD protection exceeds 4500 V HBM per JESD22-A114, 450 V
MM per JESD22-A115 and 2000 V CDM per JESD22-C101

Small 8-pin package types: SO8 and TSSOPS8

107

LM75B
Buag | POIMTER | coMFIGURATION
REFERENCE | | REGESTER |1 REGISTER
| e TEMFERATURE
BAND GAF COUNTER REGISTER
TEMP SENSOR | | | 11-5IT
SIGMA-DELTA
AT u TOS
COMVERTER TIMER REGISTER
OSCLLATOR |—{—
COMPARATORS THYST
INTERALIFT REGISTER
FOWER-ON | | |
RESET | - oz
| = 1""°
I &
LOGIC COMTROL AND INTERFACE |
1 1 T |
T ' T o
AZ A1 AD SCL SDa GND
Type Topside | Package
number mark Hame Description Wersion
LMTEED LMTEED =08 plastic smal outine package; 8 leads; body width 3% mm SOTo8-1
LMTEEDP LMTEE TE50FE  plastic thin shrink srmall sulline package; B leads, body widlh 3 mm S0TS05-1
LMTEBGD T5E XEOMEY  plastic extrernely thin small cutline package; no leads; 3 terminals; SOToEE-2
UTLP based; body 3 - 2 « 0.5 mm
LMTEETP M5 HWSOMNE  plashc thesmal enhanced wery very thin small cutline package: SOT1068-2

ro eads; 8 berminals, 2 < 3 < 0.6 mm
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PCT2075: Digital Temp. Sensors & Thermal Watchdog

Features
Fm+ 12C-bus (1MHz) with SMBus timeout
Power supply range - 2.7 Vto 5.5V

- Temperatures range - -55 °Cto +125 °C

- Programmable temperature threshold and
hysteresis set points allows customer-defined
default Tos & Thyst set points

- Tidle programmable adjustment for temperature
sampling. Allows reduction in power consumption

Stand-alone operation as thermostat at power-up

Expanded I°C address range with 3 state pins (27 @
8-pin and 3 @ 6-pin) address latched at power up

8-pin package types: SO8, TSSOP8, HWSONS
6-pin package types: SOT23-6 (TSOP6)

PCT2075: 11-Bit ADC
41 °C (max.) from -25 °C to +100 °C
12 °C (max.) from =55 °C to +125 °C

108

PCT2075

BIAS POINTER

REFERENCE REGIZTER

CONFIGLRATION
REGISTER

BAND QAP —{  COUNTER
TEMP SEMSOR 11-8IT

TEMPERATURE
REGISTER

SIGMA-DELTA

LNl
CONVERTER

= TIDLEMIMER

Tas
RECISTER

OSCILLATOR  |—t—|

COMPARATORS
NTERRLUPT

THYST
REGISTER

POWER-ON

T

I LOGIC COMTROL AND INTERFACE

P 1 ¢t | - I

RESET 1
_._llr

== 08

I i

SCL SOW GND

[
A2 AT AD

Package SO8 TSSOPS8

SOT # SOT96-1 SOT505-1
Pitch (mm) 1.27 0.65
Width (mm) 3.90 3.0
Length (mm) 3.90 5.0
Height (mm) 1.75 1.1

HWSON8 STOSTOZZ%
SOT1069-2 SOT457
0.5 0.95
2.0 3.0
3.0 15
0.8 1.1
A ¥ 4
4\



PCT2202. Temp. Sensors for SSD and Portable

« 12-bit resolution with

- £0.5°C accuracy (0 to +85 oC)
- +1.0°C accuracy (-40 to+125 oC)

- Temperature Range from -40 °C to +125 °C
- 1.65V to 1.95V operation

- High Speed Mode (HSM): 3.4 MHz operation

- High- and low-temperature set points and an alarm
output

- One-shot mode to conserve power

|2C state machine recognizes a General Call and
MDA (Multiple Device Access)

- WLCSP6 (UK suffix, 0.69mm x 1.09mm) package

109

Frequency
ADC
Current
Voltage

Registers

One-shot
Prog Conv Rate
Conv Time
Address

Bus

Package

Similar to:

1 MHz
12-bit
30uA

4, Temp, Config, High, Low

Yes
Yes, 1,4,8 conv/sec
25ms typ, 35ms max
90h, 4 address, 1 pin

General Call, Hs-mode, Timeout,
SMBus Alert

WLCSP6

TMP102 (+ 1°C)
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SE97B: Temperature Sensor with Integrated SPD

Features

2nd generation Temp Sensor with integrated new JEDEC compliant SPD (2-
kbit EEPROM)

JEDEC Grade B accuracy

- 0.5 °C/+1 °C (typ./max.) +75°Cto +95 °C

- +1.0 °C/+2 °C (typ./max.) +40 °C to +125 °C

_ o o _AQ © o terminal 1
2.0 °C/+3 °C (typ./max.) -40 °Cto +125°C AN

Temp sensor |12C address of 0011A2A1A0 and EEPROM I2C address of AO
1010A2A1A0 so master sees two different devices

EEPROM is organized as a 256 x 8-bit with 10 years of data retention and
100,000 write/erase cycles

Supports SMBus Time-out 25 — 35 mS (typical is 30.5 mS)
Support /EVENT pin deasserted during TS shutdown
Supports permanent and reversible software write protect
Supports 0 — 16-byte write buffer

TS and EEPROM operation range 3.0 to 3.6 V with Power Down Reset at 2.4V
(up) and 2.0V (down) typical

Maximum operating/shutdown current: 320 pA/10 pA max
Operating temperature range from —40 °C to +125 °C :>

JEDEC compliant package from APB — SE9Q7BTP,547 0.3 mm min vs 0.2 mm JEDEC
Reduces possibility of solder bridging

Voo

Ad EVENT

SE9TBTP

A2 SCL

o

o [=] [S] [

Vssg sSDA

SRCRERES

110
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SA56004 Remote Thermal Sensor

- Applications

- System thermal management in ovens, ranges, refrigerators, dish
washers, washers and dryers

- House-hold white-good products
- Electronic test equipment & instrumentation
- Industrial controllers and embedded systems

111

Features

- On-chip local and remote microprocessor thermal diodes or diode
connected transistors temperature sensing within +1 °C

- Offset registers available for adjusting the remote temperature accuracy
- Programmable under/over temperature alarms: ALERT and T_CRIT

- SMBus 2.0 compatible interface, supports TIMEOUT and 100/400 kHz
12C interface

- 11-bit, 0.125 °C resolution

- 8 different device addresses are available for server applications. The
SA56004-ED/EDH with marking code ARW is address compatible with
the National LM86, the MAX6657/8 and the ADM1032.

Voo $
SHIELDED TWISTED PAR [
100 AF
\ . I

SASE004-X

SCLK

SDATA

HERT

i u;. ﬁ' F-— TERT o

FAN CONTRCL
CIROUIT

SHBs
CONTROLLER

(50
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LCD DRIVERS



LCD Drivers Value Proposition

Where used?
- e-Metering
- Automotive
- White Goods
- Consumer Electronics
- Medical Equipment
- Test & Measurement
- POS Terminals
- Telecom Equipment
Segment Drivers’ Key Features
- Low power & driving up to 640 segments
Standalone — no need for external components
12C and SPI interfaces available
AEC-Q100 options
Cascadable
Character Drivers’ Key Features
- Combines low power segment display with sophisticated 2-line character display
- Integrated generation of VLCD with temperature compensation
- Very low power consumption (20 to 200mA)
- Display shift or static display modes
- Graphic Drivers’ Key Features
- On-chip generation of LCD bias voltages
- Low number of external components
- Low power consumption

h
P
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New LCD Driver Trends

Higher Frame Frequency
- Standard TN displays require frame frequency of 64Hz

- High-contrast, true black background Vertical Alignment displays require frame
frequency to be 2x to 3x higher

On-Chip Charge Pump
Eliminate the need for external components
Ability to generate high VLCD voltage, even in systems with only 3.3V supply

In battery operated systems, the supply voltage may vary from 3.3V to 1.8V, but
the charge pump allows the user to maintain a stable VLCD voltage

Ability to regulate VLCD internally and do temperature compensation
Higher VLCD Voltage
- For Vertical Alignment display applications (with true black background)
- Integrated Temperature Sensor
- For temperature-compensated VLCD
- With digital readout
Temperature Compensated VLCD

- Ability to adjust and maintain optimal contrast with varying liquid crystal viscosity
due to temperature fluctuations

Improved Power-on Reset (POR) Circuitry
- Improved system ESD performance
- Up to £15kV air discharge and +8kV contact discharge

114

TIVPERATURE

TPPP
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LCD Drivers: Differentiations

115

FCBus logic .—

| blckphm»
aequencot‘

‘ driver
! ! '

r—

segment
driver

control
logic

character
RCBus | ROM

2
sequencer d':ku * C

column

control
logic
Serial [ !
parallel / |
FC Interface

sequencer d.:::c »

column
driver

Features:

» Max multiplex rate 1:16 (generally 1:4)
* Wide range of segment outputs

* RAM and auto-incremental addressing
* Low power consumption

* No external component

* Wide power supply range

voltage follower buffers

Internal LCD bias voltage generation with

Internal oscillator, external clock also possible

Features:

* Multiplex rate up to 1:18

* On-chip character generator

* 5x7 character + cursor; 5x8 for Kana
(Japanese) & user-defined symbols

* On-chip temperature compensation

* On-chip character ROM and RAM

* Low power consumption

* Minimum external components

* On-chip LCD bias voltage generation

* Internal oscillator / external clock

Features:

* Wide range of mux rates to optimize power and
display size (S/W selectable)

» On-chip generation of LCD bias voltages

* Low number of external components

* Low power consumption

» Temperature compensation

h
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LCD Drivers: Key Products

116

- . — e e = - - - GU16UXBOF-79008 Dot Matrix
— 0| [m] | .= = ] iy
= ] B H ANy, | | 0N, — lino LCD Displw —= Iy
u 0] | =09 | === [ e

PCA8561 4 x 18 Segments « PCF2119 2-Line x 16-Character *« PCA8539 18 x 100 (COG)

PCF8566 4 x 24 Segments PCF21219 Plus160 icons Small Graphic Driver

PCx85162 4 x 32 Segments COG

Egiggi% 6 j i ig gggmgmz « PCx2117 2-Line x 20-Character Small 4-x-20 Text Characters

PCA85276 4 x 40 Segments T Elgsézoo icons Full Graphics

PCx8553 4 x 40 Segments QL

PCA8546 4 x 44 Segments 2 * PCF8578 8 x 32 (stand-alone)

PCA8547 4 x 44 Segments o Up to 40,960 dots when

PCx85134 4 x 60 Segments combined with 32 PCF8579

PCA8543 4 x 60 Segments VSO56, TQFP64

PCx8536 8 x 40 Segs + 6PWM

PCF8545 8 x 40 Segments

PCx8537 8 x 44 Segments

PCA9620 8 x 60 Segments

ﬁ82885577?3|[2E 2 i 38 gzgmgmz x = A (Automotive) & F (Industrial)

PCx85133 4 x 80 Segments

PCA85233 4 x 80 Segments '®)

PCA8530 4x102 Segments o

PCx85132 4 x 160 Segments ®

PCA85232 4 x 160 Segments

PCx8538 9 x 102 Segments

h
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What is Chip-on-Glass

- A cost-saving and easy way to design with LCD Drivers
- Advantages

- The driver is directly placed on the glass
No package is needed (cost saving) OYHNS NS NS
Easier PCB design il
Less board space needed on the PCB
Driver is handled by the module maker

Seal ring round the display glass

L.CD driver / controller

Flex connector

display

display

PCB

PCB
driver

surface-mount-device (SMD) [ chip-on-glass (COG)

aaa-002681
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)
COG LCD Segment Drivers »

Portfolio Overview

New generation

Industry-standard

products PCA8539
PCA8538
PCA8530

Performance

PCx8576 PCx85x33 PCx85x32
Family Family Family

4x40=160 4x80=320 4 x 102 =408 4 x 160 = 640 9x102 =918 18 x 100 = 1800

o
>

Resolution

118 m



PCA8576F: 4x40 COGT Segment Driver

PCA8576F: PCA8576D with removed POR and higher frame frequency

Main features PCA8576D PCA8576

119

Resolution (max) 160

#BP x # SEG (max) 4 x 40

VLCD (ext.) (max) 6.5V

Frame Freq. (typ.) 77Hz

Frame Freq. Progr. No

POR (Power On Reset) IGE

OIS ULCMITn U [SI -40°C to +85°C

Package Die with gold bumps for COG
Quialification AEC-Q100

Compatibility

160

4 x 40

8.0V

200Hz

No

No *)

-40°C to +105°C

Die with gold bumps for COG
AEC-Q100

Drop In replacement for PCA8576D

1 COG = Chip-on-Glass

*) increased ESD air discharge performance thanks to removal of POR

Value Proposition

- To drive high-contrast, true

black background Vertical
Alignment displays the frame
frequency needs to be 2x to 3x
higher than for standard TN
cells which require a typ. Frame
frequency of only 64Hz.

- By removing the Power On

Reset (POR) the system level
ESD performance can be
improved considerably to ideally
15kV air discharge and 8kV
contact discharge.

. Automotive dash board

+ Instrument Clusters

R4
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PCE85176: 4 x 40 COG Segment Driver

Targeted for cost-sensitive applications PCE85176

Key Features Die Size 2.1mmx1.8
- Maximum resolution: 4 x 40 (160 dots or segments) mm

- Independent supply voltages VDD and VLCD
- Wide VDD range: 1.8V + 5.5V

- Wide VLCD range: 2.5V + 5.5V

IC thickness 380 um

Bumps size 51 um x 54 um

- Programmable Multiplex Rate: static, 1:2, 1:3, 1:4 Min bumps 72 um
- Programmable bias system: static, 1/2, 1/3 pitch
- Display line inversion mode (driving scheme A) Bumps height 15 um

- Frame frequency 82 Hz (typ.)

- 400kHz I°C-bus interface

- ESD HBM *= 3500 V

- Enhanced EM compatibility (removed POR)
- Qualified for industrial application

- Delivery in tray

- ldeal for low-cost reflective TN displays
- single-phases e-meters
- wearables
- consumer medical
- white goods and small appliances

h
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PCA85233: 4 x 80 COGT Segment Driver

PCA85233: PCA85133 with removed POR and higher frame frequency
Value Proposition

Main features PCA8576D PCA8576 - To drive high-contrast, true

black background Vertical

A et = Alignment displays the frame

#BP x # SEG (max) 4% 80 4% 80 frequency needs to be 2x to 3x
higher than for standard TN

VLCD (ext.) (max) 8.0V 8.0V cells which require a typ. Frame
frequency of only 64Hz.

Frame Freq. (typ.)

(selectable via HW pin) 82Hz or 110Hz 150Hz or 220Hz

By removing the Power On

Frame Freq. Reset (POR) the system level

programming A ESD performance can be
improved considerably to ideally

POR (Power On Reset) S No * L

( ) 15kV air discharge and 8kV
ORI AUl -40°C to +95°C -40°C to +105°C contact discharge.
Package Die with gold bumps for COG | Die with gold bumps for COG » Automotive dash board

e Instrument Clusters
Qualification AEC-Q100 AEC-Q100
Compatibility Drop In replacement for PCA85133

Z
o

1 COG = Chip-on-Glass

*) increased ESD air discharge performance thanks to removal of POR
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PCE85133: 4 x 80 COG Segment Driver

Targeted for cost-sensitive applications

- Key Features

- Maximum resolution: 4 x 80 (320 dots or segments)
- Independent supply voltages VDD and VLCD

- Wide VDD range: 2.5V + 5.5V
- Wide VLCD range: 2.5V + 5.5V

- Programmable Multiplex Rate: static, 1:2, 1:3, 1:4
- Programmable bias system: static, 1/2, 1/3
- Display line inversion mode (driving scheme A)

- Internal clock
- Frame frequency 150 Hz (typ.)
- 400kHz 1°C-bus interface

- ESD HBM: = 4.5kV; LAUP: 200mA max
- Enhanced EM compatibility (removed POR)

- Quialified for industrial applications
- Delivery in tray

122
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Die Size 4.6 mm x 1.07 mm
IC thickness 380 um
Bumps size 33.8 um x 90.0 um
Min bumps pitch 54 um
Bumps height 15 um

Ideal for low-cost reflective TN displays

» three-phases e-meters
* wearables
e consumer medical

» white goods and small appliances
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PCA8530: 4x102 COG Segment LCD Driver

Similar to the PCA8538 (with mux rate up to 1:9)

- Key Features
- 4 x 102 segment driver (409 dots or segments)
- Programmable Multiplex Rate (1:1, 1:2, 1:4)
- n-line inversion (includes line and frame inversion)

- On-chip Charge pump with integrated capacitors for the VLCD
internal generation up to 12 V

- Temperature readout and device status readout for diagnostics

- Temperature compensated VLCD voltage (with programmable
temperature regions and programmable slopes)

- Programmable frame frequency 45Hz to 300Hz

First driver in mux 1:4 with integrated charge pump
- 1°C-bus and SPI-bus Interface and temperature sensor

- Up to 4 chips can be cascaded with internal or external VLCD to
drive bigger display PCA8538 Evaluation Board ( ) may

- Extended temperature range up to +105°C be used with a PCA8530 glass
- AEC-Q100 compliant

h
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http://cache.nxp.com/documents/user_manual/UM10718.pdf?fpsp=1&WT_TYPE=Users Guides&WT_VENDOR=FREESCALE&WT_FILE_FORMAT=pdf&WT_ASSET=Documentation&fileExt=.pdf

PCA85232: 4 x 160 COGt Segment Driver

PCA85232: PCA85132 with higher frame frequency
Value Proposition

| black background Vertical
280 ot Alignment displays the frame
P - frequency needs to be 2x to 3x
higher than for standard TN
8.0V 8.0V cells which require a typ. Frame

frequency of only 64Hz.

Frame Freq. (typ.)

(software 60Hz, ..., 90Hz 117Hz, ..., 176Hz . Automotive dash board
programmable)

- Instrument Clusters
Frame Freq.
. Yes Yes
programming
POR (Power On Reset) S Yes
OIS ULsMITN R EU I -40°C to +95°C -40°C to +95°C
Die with gold bumps for COG | Die with gold bumps for COG
Compatibility Drop In replacement for PCA85132

1 COG = Chip-on-Glass
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PCA8538: 918 Dots or Segments LCD Driver

- KeyFeatures: .

- Supports both I12C-bus and SPI-bus interffaces sl e

- Interfaces directly to the LCD cells; driving signals are internally generated r R L

- 102-Segment and 9-Backplane outputs for driving up to 918 Segments in a 1:9
multiplex rate

- Supports mux rates of 1:1, 1:2, 1:4, 1:6, 1:8, and 1:9

- Programmable Line Inversion or Frame Inversion

- Programmable and calibrated Frame Frequency in the range of 45Hz to 300Hz in
steps of 10Hz (typical)

- Wide digital power supply range from 2.5V to 5.5V

- Wide analog power supply range from 2.5V to 5.5V

- Wide VLCD range from 4V to 12.0V

- On-chip charge pump with integrated capacitors

- Integrated temperature sensor (readout possible)

- Temperature compensated VLCD voltage [ BWE‘"' | wmutlsLJ
- Extended operating temperature range up to +85 °C (+105 °C) vICD T ”;',_;‘f“‘J
- AEC-Q100 automotive compliant qualification for high robustness and reliability D = Pler | BiasVotage Mﬂ"ﬂf"_J
- Available in COG —

. Benefits: | Display RAM J-' Sequencer J
- Specifically Designed for high-contrast Vertical Alignment (VA) displays T

+  Applications: | Controllogio g Prescaler and |
- Automotive Dashboards - | T
- Industrial Control Doc"lawrl
- White Goods oS
- Smart Meters |PCF8537 )

Medical Equipment

125
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PCA8539: 1800 Dots or Segments LCD Driver

Key Features:

Supports both I2C-bus and SPI-bus interfaces
Interfaces directly to the LCD cells; driving signals are internally generated

100-Segment and 18-Backplane outputs for driving up to 1800 Segmentsin a 1:18
multiplex rate

Supports mux rates of 1:12 and 1:18
Programmable Line Inversion or Frame Inversion

Programmable and calibrated Frame Frequency in the range of 45Hz to 300Hz in steps
of 10Hz (typical)

Wide digital power supply range from 2.5V to 5.5V

Wide analog power supply range from 2.5V to 5.5V

Wide VLCD range from 4V to 16.0V

On-chip charge pump with integrated capacitors

Integrated temperature sensor (readout possible)

Temperature compensated VLCD voltage

Extended operating temperature range up to +95 °C

AEC-Q100 automotive compliant qualification for high robustness and reliability
Available in COG

Benefits:

Specifically Designed for high-contrast Vertical Alignment (VA) displays

Applications:

Automotive Dashboards
Industrial Control

White Goods

Smart Meters

Medical Equipment

() 12 Backplanes x 100 Segments

el ! OF

srrrrrzry

(i) 18 Backplanes x 100 Segments
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Packaged LCD Segment Drivers — Mux 1:8

Portfolio Overview ,

PCA9620
With charge pump;
available also as bare
die for COB
PCx8537 Family applications
with integrated charge

pump and temperature

. sensor
PCx8536 Family

with integrated 6 PWM
channels

Performance

PCF8545

TSSOP56 TQFP64 LQFP80

Package and Resolution
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PCF8545: 8 x 40 Segment Driver

TSSOP56, 8 x 40 segment driver for cost sensitive applications

- Key Features:
- 8 x 40 segment driver (320 dots or segments)

Programmable Multiplex Rate (1:4, 1:6, 1:8)

Line or frame inversion

VDD range: 1.8V + 5.5V

- VLCD range: 2.5V + 5.5V

- Programmable Frame Frequency 60Hz to 300Hz
- Programmable position of the backplane outputs

- Benefits:
- Designed for cost sensitive applications

- Applications:
- Industrial Control
- White Goods
- Smart Meters
- Medical Equipment

128

12C-bus (PCF8545ATT/A) and SPI-bus (PCF8545BTT/A) Interfaces
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Perfectly suitable for resolutions higher than
200 segments up to 320 segments, for very
cost-sensitive applications, such as for
example the e-metering industry.




PC8536: 320-Segment Driver with 6-CH PWM Generator

129

Applications:

Key Features:

I°C-bus (PCx8536AT) or SPI-bus (PCx8536BT) interface

Interfaces directly to the LCD cells; driving signals are internally generated

40-Segment and 8-Backplane outputs for driving up to 320 Segments in a 1:8 multiplex rate
Supports mux rates of 1:4, 1:6, and 1:8

7-Bit PWM outputs for controlling up to 6 LED’s in conjunction with external transistors

Configurable backplane outputs; either pinout in the centre of the segment outputs or at the edge
of the device

Programmable Line Inversion or Frame Inversion

Zrogralr)nmable and calibrated Frame Frequency in the range of 60Hz to 300Hz in steps of 10Hz
ypica

Wide digital power supply range from 1.8V to 5.5V

Wide VLCD range from 2.5V to 6.5V (9.0V) when using an external supply

Extended operating temperature range up to +85 °C (+95 °C)

AEC-Q100 automotive compliant qualification for high robustness and reliability

Available in TSSOP56 Package

Benefits:

Designed for horizontal or vertical mounting

Automotive Dashboards
Industrial Control

White Goods

Smart Meters

Medical Equipment

# Display Segments
w/o PWM w/ 6x PWM

176 152
252 216
320 272

I°C/SPI Bus

PCx8536 TSSOP56

control
logic

v

backplane

sequencer :
q driver

bias voltage generator

segment
driver




PC ~8537: 352 Segments or dots LCD Driver

Key Features:

12C-bus (PCx8537AH) or SPI-bus (PCx8537BH) interface

Interfaces directly to the LCD cells; driving signals are internally generated

44-Segment and 8-Backplane outputs for driving up to 352 Segments in a 1:8 multiplex rate
Supports mux rates of 1:1, 1.2, 1:4, 1.6, and 1.8

Programmable Line Inversion or Frame Inversion

Programmable and calibrated Frame Frequency in the range of 60Hz to 300Hz in
steps of 10Hz (typical)

Wide digital power supply range from 1.8V to 5.5V

Wide analog power supply range from 2.5V to 5.5V

Wide VLCD range from 2.5V to 9.0V when using an external supply

On-chip charge pump with integrated capacitors

Integrated temperature sensor (readout possible)

Temperature compensated VLCD voltage

Extended operating temperature range up to +85 °C (+95 °C)

AEC-Q100 automotive compliant qualification for high robustness and reliability
Available in TQFP64 Package

I2C Bus

Benefits:

Specifically Designed for high-contrast Vertical Alignment (VA) displays

Applications:

130

Automotive Dashboards
Industrial Control

White Goods

Smart Meters

Medical Equipment

PCA8537 TQFP64

<+ control
— logic

backplane
driver

segment
driver




PCA9620: 8 x 60 LCD Driver with 12C-Bus Interface

- Key features and benefits
- 480 Segment Drive in Mux 1:8 Mode
- I2C Interface
- Integrated charge pump
- Integrated temperature sensor
- On-chip VLCD generation
- Temperature compensated VLCD voltage
- Programmable and calibrated frame frequency
- Extended frame frequency from 60Hz up to 300Hz; in 10-Hz steps
- Extended temperature range up to +105°C
- AEC-Q100 automotive compliant qualification for highest robustness and reliability

- Potential applications
- Dash boards

- Climate control 200
- Carradio dsplay stz
i

150

- Product characteristics

Wide digital and analog power supply ranges from 2.5V to 5.5V

Extended VLCD range from 2.5V to 9.0V

- Wide frame frequency range 60Hz to 300Hz

- Wide operating temp range -40 to +105°C 0
- 12x12 x 1.4 mm LQFP80 package

100
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- control |
logic

sequencer

Temp

backplane
driver

60

Black Nematic:

VLCD=7.0V,
fF=200Hz

Twisted Nematic:

Vd
/ VLCD=7.0V,
ra fF=100Hz
Al s it nomat _
/ display
-

&0 B0
display capacitive load (nF)
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Packaged LCD Segment Drivers — Mux 1:4

Portfolio Overview

Performance

f;* & a8 g =
A 4 o 7 L
58 S i3

4x18 4x32 4 x 36 4 x40 4 x40 4x44 4 x40 4x44 4 x 60

HVQFN32 TSSOP48 TSSOP56 TQFP64 LQFPS80

Package and Resolution m
132




PCA8561: 4 x 18 Cased Segment Driver

Designed specifically for small displays

Resolution (max)

4 x 18 =72 segments

Fig 1. HVQFN package (bottom view)

VDD range [V] 1.8V + 55V
VLCD external (max) 1.8V + 55V
Mux rates 1:1,1:2,1:3,1:4
Bias configuration static,1/2, 1/3
Oscillator Software selectable - internal/ external (CLK pin)
Frame Freq. 32Hz, 64Hz (default), 96Hz, 128Hz. 192Hz, 256Hz
Frame Freq. calibration Yes
Reset Input reset pin (RST); software reset command,;

POR circuit with POR enable input pin (PFORE)
Interface PCA8561A: 2-line I2C (A1 & A0 Address pins)

PCA8561B: 3-line SPI
Operating Temp Range -40°C to +105°C
Package HVQEN32 (5mm x 5Smm x 0.85mm; 0.5-mm pitch)

With wettable flanks

Small passive displays in the clusters in

ESD 4kV HBM combination with the big TFT display in the
Qualification AEC-Q100 center. The MCU is advanced for TFT controller

and does not encompass any LCD driver.

133
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PCA85262: 4 x 32 Segment Driver

PCA85262: PCA85162 with removed POR and higher frame frequency

Main features PCA85162T PCA85262T

vain features

4 x 32 =128 Segments 4 x 32 =128 Segments

80Hz to 150Hz 146Hz to 260Hz

-40°C to +95°C L40°C to +105°C

TSSOP48 (SOT362) TSSOP48 (SOT362)
PCA85162T/Q900/1 PCA85262ATT/A

Drop In replacement for PCA85162

*) increased ESD air discharge performance thanks to removal of POR

134

Value Proposition

- To drive high-contrast, true

black background Vertical
Alignment displays the frame
frequency needs to be 2x to 3x
higher than for standard TN
cells which require a typ. Frame
frequency of only 64Hz.

By removing the Power On
Reset (POR) the system level
ESD performance can be
improved considerably to ideally
15kV air discharge and 8kV
contact discharge.

. Automotive dash board

Instrument Clusters



PCF8551: 4 x 36 TSSOP48 Segment Driver

Specifically designed for cost sensitive markets

Main features PCF8551

Mainfeatures

1:1, 1:2, 1:3, 1:4 (def.)

staic, 112, 13 (def)

Selectable Internal / external (CLK pin)

32 Hz + 256 Hz (default: 64 Hz)

Input r_eset_ piq (RST); softwar_e reset_ command,
POR circuit with POR enable input pin (PORE)

A version: 2-lines I°C; B version: 3-lines SPI

NXP QRS (Standard for industrial and consumer)

*) increased ESD air discharge performance thanks to removal of POR

135

sH ] 28] =30
532 [Z] U a7 529
533 3] [25] s28
5 [2] [ag] =27
535 [E] 4] 526
com [E] [43] 525
comi [T 23] 524
comz [&] [21] 523
COM3 [3] [40] 522
wLED [0] [39] 521
voo [ii}  PCF8551ATT  |#ls=
vss [iZ] [37] 518
TEST[13] [3E] 518
cLk [14] [35] 517
scL 5] [3d] 516
=04 [15] 33] 515
PORE [17] 32 514
50 5] [37] 513
g1 [ [90] 512
sz 7] (28] 511
53 [21] [28] 510
54 [E] [27] 58
5 [ [76] =8
56 [24] (28] 57
AR ]

Suitable for very cost sensitive
markets, such as e-metering




PC 8553: 4 x40 TSSOP56 Segment Driver

New generation low-cost cased LCD Segment Driver

Main features PCF8553

Resolution (max) 4 x 40 = 160 segments

VDD range [V] 1.8V + 5.5V

VLCD external [V] 1.8V + 5.5V

Mux rates 1:1, 1:2, 1:3, 1:4 (def.)

Bias configuration static,1/2, 1/3 (def.)

Oscillator Selectable Internal / external (CLK pin)
Frame Freq. 32 Hz + 128 Hz or 256 (default: 64 Hz)

Reset Input reset pin (RST); software reset command,
POR circuit with POR enable input pin (PORE)

Interface Selectable I1°C and SPI through IFS pin
Operating Temp Range -40°C to +85°C (+105°C)

Package TSSOP48

HBM 4kV

()]

m
O

Qualification NXP QRS (Standard for industrial and consumer)

136

Suitable for very cost sensitive
markets, such as e-metering, small
appliances and consumer.




PCA85276: 4 x 40 Segment Driver

PCA85262: PCA85162 with removed POR and higher frame frequency

137

Main features PCA85176 PCA85276

Main features |

4 x 40 = 160 Segments 4 x 40 = 160 Segments

1.8V t0 5.5V 1.8V t0 5.5V

2 5V to 6.5V (External) 2.5V to 8.0V (External)

Static, 1:2, 1:3, 1:4 Static, 1:2, 1:3, 1:4

110Hz 200Hz

80Hz to 150 Hz 146Hz to 260Hz

Line Inversion Line Inversion or frame
lnversion

_40°C to +95°C _40°C to +105°C

TSSOPS6 TSSOPS6

PCA85176T/Q900/1 PCA85276ATT/A

AEC-Q100 AEC-Q100

*) increased ESD air discharge performance thanks to removal of POR

Value Proposition

- To drive high-contrast, true

black background Vertical
Alignment displays the frame
frequency needs to be 2x to 3x
higher than for standard TN
cells which require a typ. Frame
frequency of only 64Hz.

By removing the Power On
Reset (POR) the system level
ESD performance can be
improved considerably to ideally
15kV air discharge and 8kV
contact discharge.

. Automotive dash board

Instrument Clusters



PCA8546 & PCA8547: 4 x 44 Segment Driver

PCA85262: PCA85162 with removed POR and higher frame frequency

4 x 40 = 160 segments 4 x 44 = 176 segments 4 x 44 = 176 segments
1.8V =55V 1.8V <55V 1.8V =55V
Externally supplied Gxternally supplied Internal (charge pump) or external >
2.5V + 6.5V for VDD<2.5V 2.5V + 9.0V >EV=0.0V
2.5V + 8.0V for VDD>2.5V

* — —
Static, 1:2, 1:3, 1:4 1:4 Static, 1:2, 1:3, 1:4
Internal or external Internal or external Internal or external
82 Hz, 110 Hz 60 Hz + 300 Hz 60 Hz + 300 Hz
POR POR, RST pin, RST cmd POR, RST pin, RST cmd
12C Aver.: I12C; B ver.: SPI Aver.: I12C; B ver.: SPI
_40°C + 95°C _40°C + 95°C _40°C + 95°C
TSSOP56 or TQFP64 TSSOP56 TQFP64
+ 2000 V + 3500 V + 4500 V
Up to 16 chips No No

PCA8546 & PCAB8547 are both available in either I2C-bus or SPI-bus options

i



PCA8543: 4 x 60 Segment Driver

Upgrade to the PCA85134

Main features PCA85134 PCA8543

Resolution (max) 4 x 60 = 240 Segments
VDD range 1.8V to 5.5V

VLCD range 2.5V to 8.0V (External)
Mux rate Static, 1:2, 1:3, 1:4
Oscillator Internal or External
Frame Freq. (typ.) 82Hz

Temp. Sensor & Temp. No
Compensation

. Line Inversion
Inversion Scheme

Reset POR

O ULCEIEINIIRER I -40°C to +95°C
Package LQPF80

ESD HBM +2.5kV
Cascadability Up to 16 devices
Qualification AEC-Q100

4 x 60 = 240 Segments
2.5V to 5.5V

2.5V to 9V (Int. or Ext.)
Static, 1:2, 1:4

Internal or External
60Hz to 300Hz

Yes

Line Inversion or frame
inversion

POR and Reset Command
-40°C to +105°C

LQPF80

+4kV

No

AEC-Q100

*) increased ESD air discharge performance thanks to removal of POR

139

Value Proposition

To drive high-contrast, true
black background Vertical
Alignment displays the frame
frequency needs to be 2x to 3x
higher than for standard TN
cells which require a typ. Frame
frequency of only 64Hz.

- Automotive dash board

Instrument Clusters



COG LCD Character and Graphic Drivers

Portfolio Overview

Performance

18 x 80 18 x 100 34 x 128

Resolution m
140




PCF21219: 2-Line x 16-Character LCD Controller & Driver
Main features

141

Resolution (max) 2-lines by 16-characters plus 160 ions

Py

Character Set
VLCD (max) 6.5V

VLCD Generation Internal Charge Pump or external supply

Frame Freg. (min/typ./max) 45/95/147Hz

Z
o

Frame Freq. programming
Operating Temp Range -40°C to +85°C

Package Die with gold bumps for COG
Qualification NXP Quality & Reliability Specification

In transition from TSMC to Vanguard
(PCN201303007A)

Delivery Form Chip in Tray

Diffusion Fab

In transition from 2-inch to 3-inch trays

Tray Size (PCN201302009F01)

Compatibility

*) PCF21219 is Hardware and Software compatible to PCF2119; the only
difference is the increased frame frequency

2-lines by 16-characters plus 160 ions
R
6.5V

Internal Charge Pump or external supply
150/ 225/ 300Hz

No

-40°C to +85°C

Die with gold bumps for COG

NXP Quality & Reliability Specification

Vanguard

Chip in Tray

3-inch trays

Drop In replacement for PCF2119RU 9



PCA2117: 2-Line x 20-Character LCD Controller & Driver

- Key Features:
- Single-chip LCD controller/driver
- Supports both I°2C-bus and SPI-bus interfaces
- 2-line display of up to 20 characters + 200 icons (48 Character RAM)
- Character “R” and “S”; other character sets upon request
- Icon blink function and Line feed function

- Programmable and calibrated Frame Frequency in the range of 45Hz to 360Hz in
steps of 10Hz (typical)

- n-line inversion (includes line and frame inversion)
- Very low current consumption (20 pA to 200 pA):
= Icon mode: < 25 pA (only icon mode active)
= Power-down mode: < 2 pA
- Wide digital power supply range from 2.5V to 5.5V
- Wide analog power supply range from 2.5V to 5.5V
- Wide VLCD range from 4V to 16.0V
- On-chip charge pump with integrated capacitors
- Integrated temperature sensor (readout possible)
- Temperature compensated VLCD voltage
- A minimum of external components required
- Extended operating temperature range up to +85 °C (+105 °C)
- AEC-Q100 automotive compliant qualification for high robustness and reliability
- Available in COG
- Specifically Designed for high-contrast Vertical Alignment (VA) displays
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LCD Drivers Demo Board (OM6290)

- Demonstrates NXP’s LCD Driver features

- Includes three displays

- Segment display driven by PCF8576D (4x40 segment
driver)

- Character display driven by PCF2119S (2-lines x 16-
character driver)

- Dot matrix display driven by PCF8531 (34x128 dot
matrix driver)

- Uses the LPC2148 as an I°C-bus master to control N Text+ LED back
the LCD drivers on board. modue | | noit ight control

. Includes RGB backlights to the segment display. PEPReSt] [FCT2TI] [PCTEsTen) [POA%s
Backlights are driven by PCA9633 (4-Channel LED
Controller). LCatas) g,

- Support Documents: c eE

- UM10300: User Manual for OM6290 LCD Demo Board

143
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PCA8538 LCD Driver Demo Boards

PCA8538 COG Demonstration Board (OM13501):
- Demonstrates the 102 x 9 Chip-on-Glass LCD segment driver for

automotive and industrial applications

- Features a vertical alignment (VA) COG display module with integrated

backlight

- Controlled by LPC1115 Cortex MO MCU LPCXpresso (OM13035)
- Powered by two AA batteries, USB or AC adapter

PCA8538 COG Evaluation Board (OM13501A):
- Provides a tool for evaluating the PCA8538 LCD Driver
- Features a vertical alignment (VA) COG display module with integrated

backlight

- Includes jumpers for interface selection (12C or SPI)
- Includes a jumper for selecting internal or external oscillator
- Includes connector pins for easy connection to external MCU or

144

application board

gio.# 888888 S
488t & 48 88

-

AUTO
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PCA8539 LCD Driver Demo Board (OM13503)

. PCA8539 COG Demonstration o~ ——y
PCASS3S
Board (OM13503): M@ f

- High quality and high performance
dot matrix driver

- Demonstrates the 18 x 100 Chip- =i R e o i g
on-Glass LCD dot matrix driver for | = | B uiw
automotive and industrial == - f_ i
applications 3 e i, B

- Demonstration module includes a I Ao

e b d —

7-inch VA graphic display with 18 x R S
. 1,_",- [ ‘ 1# N ‘J.__‘ :u ] ] l., 1,. ‘.,.
s Es w == B

|
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PCA9620 & PCA8537 LCD Drivers Demo Boards

PCA9620 Demo board (OM13500): PCA8537 Demo board (OM13500A):
60 x 8 LCD segment driver in LQFP80 pkg for 44 x 8 LCD segment driver in TQFP64 pkg for
automotive and industrial applications automotive and industrial applications

146
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EEPROMS



NxH5104 — Ultra-Low Power 4Mbit SPI EEPROM

Minimal footprint

Supply direct from
battery

Ultra low power

Interfaces

Auxiliary supply

Reliable

148

4Mbit in 7.8mm?2 area (2.80mm by 2.74mm)
WLCSP package with 13 bumps, 400um pitch
Highly integrated: 1 external cap

With integrated Power Management Unit to support
ZnAir, NiMH and Silver-Zink batteries, offering direct
operation from 1.0 .. 2.0V supply

Designed for minimal average and peak currents:
* Power-down <5 uA
* Average read current at .6 mA

128-byte and 256-byte page access via SPI
* Speed up to 10MHz

Auxiliary supply with current limiting allows supplying
e.g.aLED
* 2mAupto 3.2V

Operating temperature -20 to 85 degrees
>10 years data retention
500 000 program cycles

Fa

4MBit or 500kByte

N

&d

Ave. Write Current
of 0.7mA

Write protection

g

!

2.8mm by 2.7mm

PR 4



NxH5104 — Ultra-Low Power 4Mbit SPI EEPROM

149

VDD 1.[]..%.[]\.-"
VDDI0 1.0.26V Clock
Bypass EE high
> EEPROM
Optional Wake
. CRTL
< HOST IF SPI slave

VDD Aux 1.5 .. 3.2V

DC-DC Aux

-

470 nF

DC-DCEE

VSS

IIJ_

iz’b



NxH5104 — Application Modes

iﬂ} VDD Aux 1.5.. 3.2V
VDDEE iZSIngle supply for VDD and VDDIO

NxH5104 —

470 nF

—SPLif ) | VDD 1.0..2.0V VDD Aux 1.5 .. 3.2V
| VDDIO 1.0..2.6\ — 7a
P Y

VDDEE

NxH5104 —A
470 nF
I !
SPlif __l

Dual supply on VDD and VDDIO

1.65..2.0V
»| VDD VDD Aux 1.5 .. 3.2V
e | VDDIO ):"
BypasseE N VDDEE o r:
R NxH5104 .
J._ Fixed high supply for VDD and VDDIO
s
i 1

h
P
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NxH5104 —

@1.8V

Aux Supply
/ Drive LED

Footprint /

Competitor Benchmark

ST M95M02-DR
2Mbit SPI EEPROM

NXP NxH5104
4Mbit SPI EEPROM

4AMbit
SPl @ 10MHz

 Standby <5pA * Power down <5pA
* Read 3mA * Read 0.6mA

* Write 3mA * Program 1.5mA

1 MCycles 500 kCycles
200YTs retention >10yrs retention
-40°C to +85°C -20°C to +85°C

No Yes

7.2mm? WLCSP8 7.8mm?2 WLCSP13
SO8

OnSemi CAT25M02
2Mbit SPI EEPROM

MicroChip SST26WF040B
4Mbit SPI Flash

4AMbit
SPlI @ 40MHz

1.6V - 3.6V

« Standby <3pA
* Read >1.2mA
* Write <2mA

1 MCycles
100yrs retention
-40°C to +125°C

6.4mm?2 WLCSPS8
SO8

Package

151

There is no other 4Mbit EEPROM device announced. Thus benchmark against existing 2Mbit EEPROM and 2Mbit Flash.
Alternative recent technologies as MRAM and FRAM require higher supply levels (e.g. 3.3V or 2.5V) and are very expensive.

h
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PCA24S08A
1024 x 8-Bit Security EEPROM with access protection

DESCRIPTION

The PCA24S08A functions as a dual access
EEPROM with a wired serial port used to access the
memory. Access permissions are set from the serial
interface side to isolate blocks of memory from
Improper access.

FEATURES

« Compatible with a 24C08 Serial EEPROM

» Programmable read/write protection

* Lock/unlock function

* 8 k bits organized as 8 blocks of 128 bytes
 16-byte page write, 10 ms write time

« Operating temperature range - 40to +85° C

» Operating supply voltage range of 2.5V t0 3.6 V
» Packages offered: SO8 and TSSOPS8

152

Only 1 device
allowed per bus 101018281-

Address

Pointer ROR

I2C Bus
Interface

1-kByte
EEPROM

Access
Protection

APPLICATION
Storing Operating Modes

Storing Serial Number, Year of
Manufacture, Firmware Version, etc.

Storing Equipment Details
(Site/Location, Communication,
Security, etc.)

Record Efficiency Information
Record Diagnostic Information
Storing Measured Data

h
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AD & DA
CONVERTERS



AD/DA Converters Value Proposition

- Why Used?
- Sampling analog values
- Provides a link between analog and digital signals

Interfaces between a microcontroller and its periphery

- 4 configurable input channels for sensing and measuring, and 1

output for extending digital outputs with analog function

- Where Usea~
- Sensors: Measuring bridges, humidity, flow, pressure,

temperature, fluid levels, voltages, current, etc.

- Controls: Analog output to drives, actuators, etc.
- Management:  Battery monitor, detectors, etc.

- Why NXP PCF8591?

- Pioneered 12C-bus single-chip solution to interface the analog world.
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8-Bit resolution with a sampling rate of 11ks/s

Supply

12C-bus
interface

address
decoder

Oscillator, intern /
extern

Data
registers

Analog
reference
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ELECTRONIC DIP
SWITCHES



12C DIP Switch Family

- 6 bit output value is dependant on the mux select pin position or command from 12C master
- EEPROM 0 is default output

2C Bus Mux Select 1
<
| I2C INTERFACE / Mode Selection
EEPROM Control
#
.
Write
Protect I
dIES R
1
—N [T =emfonfiot =
k\
:> 0| ogesdomf2 0| 0P
L e
a 0| %gedroff30f O]
QHA@E DWIARHE Vallieg
1
(EE§EE)
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6 Bits

6 Bits

e

iy

E@

£ £
FENESE
‘:' g | - -
> B|lZ .| 7T i
| = E EF L = = " =
£ 2 7 il =
E|Zg|lxc|T -
5|5 %|5|5E|5 |5 £
f | || E|lwO|Z2 0
PCaasso | 16| 1 | & 4 4 | ¥YES
PCAQLER | 22 1 ] L g YES
PCagsse 20| 1 | & 5 5 YES
PCASLL0 | 20 2 ] L g YES
PCASLKS] | 20 4 & ) & [

Application Note
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STEPPER MOTOR
CONTROLLER



Stepper Motor Controller Value Proposition

- Why used?

- Offload CPU/Microcontroller from driving control
signals to the motor driver

- Where used?
- HVAC Compressors and blowers
- Industrial motors
- Variable-speed fans and pumps
- Premium e-bikes
- Laundry machines
- Medical pumps and blowers
- Toys
- Why NXP Stepper Motor Controller?

- Supports different commands (start, stop, ramp-up, ramp-
down, direction control, etc.).

- Interfaces with different stepper motors as drivers are
external.

- Easy integration in the system with I°C interface.
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S S—
38
-

L
RESET

— -

n INT

Al

AY

PCA9629

HOST

PHASE

HIGH

INTERFACE SEQUENCER CURRENT
LOGIC DRIVER
DARLINGTON TRANSISTORS, MOTOR COI LS
Main Board PCA9629/30 FETS,

+ PROTECTION CIRCUITS (INDUCTIVELOAD)
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PCA9629 1-Channel Stepper Motor Controller

Features
- Provide drive signals for driving a single stepping motor:

One, Half and Two Phase Drive Control

Start, stop, ramp-up/ramp-down and direction control of stepper
motors

Programmable steps per rotation allows use of many models of
stepper motors

Programmable step pulse width to control speed of motor

Balanced push-pull outputs: Drives 1000 pF loads with 15 ns
rise and fall times

- Interrupt linked extra steps, direction reversal and stop
control

- Four GPIOs programmable as inputs or push-pull outputs
(25 mA) to sense optical interrupter for motor home
position or drive solenoid/LEDs, respectively

- Stand alone operation: Off loads microcontroller
- Hardware RESET to recover from bus stuck condition

Potential applications
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White Goods

Robotics & Toys

Gaming & Vending Machines
Security & Surveillance Camera

/IRESET

v

_/INT

AO

Al

PCA9629

TSSOP20

Coil drive
pins (4)




PCA9629A Improved Stepper Motor Controller

Improvement: Typical Application

- Change PWM setting (rotational speed) while the stepper

motor is running Voo
- Countable loop feature to allow variable number of SDA
rotation (currently only one loop or continuous run is > Motor FET
allowed) sCL priver
- Faster ramp rate between stop and full run /RESET G
=
- Support “pass-through” feature to allow brute force PWM /INT
bRomt P | ° : PCA9629A M $ e
- Emergency Break to hold motor position S =
- Improve Interrupts functions including variable delays ADO Sensors
after sensor detected
AD1
- Allow use of unused I/O pins as inputs to monitor motor
position y
SS

- Optimize order of registers

- Same 16-pin TSSOP16 package as that of PCA9629

160 M



PCA9629 Versus PCA9629A

# Feature/Function

Motor Speed Change

Motor Rotation
Control

Motor STOP interrupt
Motor Drive Outputs

Motor Home Position

Motor Brake Function

GPIO PO/P1 Input
Pins

Loop Delay Timer
Output Step Counter

10 | Registers Map

1
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PCA9629

»  Motor speed change and ramp control only when motor STOP

*  Symmetrical ramp up and down

*  “Hard Stop” occurs only after ramp up/down sequence
complete

Rotate once or continuously

No interrupt generated when motor STOP

Output PWM signals only

None

Motor output pins to “0” or retaining the last state when motor
STOP

No filter, hence any noise events on PO/P1 inputs could
prematurely trigger the interrupt

One loop delay timer (range 1 sec up to 255 sec) for clockwise and
counter-clockwise direction

None

»  Step per rotation, clockwise and counter-clockwise rotation
count registers

+ Sub/all call address registers are top of register map

* 39 registers

PCA9629A
*  Motor speed change and ramp control any time
*  Asymmetrical ramp up and down

*  “Emergency Stop” stops motor immediately without waiting for ramp up/down
completion

Rotate once up to 255 or continuously

Interrupt (maskable) is generated when motor STOP

Output either PWM or GPO

Single command to bring motor to home-position without polling the PO input

Motor output pins to “0”, “1”, or retaining the last state when motor STOP with a
programmable time-out timer (up to 1 sec) to reset all outputs to “0”

Programmable noise filter on PO/P1 to suppress noise to ensure the correct interrupt
event is generated

Separate loop delay timer (4 msec up to 1.02 sec) for clockwise and counter-clockwise
direction

32-bit step counter for monitoring motor position or counting number of rotations

* No step per rotation, clockwise and counter-clockwise rotation count registers .

« Sub/all call address placed to the bottom of the register map for easy software
control

* Reduced to 35 registers



PCA9629A Key Features and Benefits

NEW

NEW

NEW

NEW

NEW

NEW

NEW
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Features

Re-start motor with new speed and operation

Re-enable ramp-up or ramp-down during current ramp operation
Motor outputs can be configured as general purpose outputs
Generate an interrupt when motor stop

Motor home position control from PO input
32-bit step counter to count output step pulses
Programmable filter on PO or P1 inputs

Perform motor action settings from 1 to 255 or continuously

Motor brake/stop with time-out control to set output state: all “0’,
all “1” or hold last state

Dual loop reversal mode timers

+ 2% output step pulse accuracy

NEW

New design for PCA9629A Improvement over PCA9629

Benefits

Allow to change the motor speed and operation on the fly without
stopping motor

Allow to update ramp rate curve on the fly without stopping motor
Support bypass mode
Off-load CPU bandwidth - no interrupt polling is necessary

Single command to bring motor in home position

Host can find current motor position and number of rotations by
reading step counter value

Avoid false interrupt trigger on PO or P1 inputs

Allow to perform multiple of actions up to 255 or repeat without
CPU re-program

Flexible brake feature to protect motor from overheat

Allow asymmetrical delay in motor reverse operation

Comparable with best in class accuracy

h
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Ramp-up and Ramp-down Control

The ramp start or ramp end speed is defined as the maximum value of the range given in Table 26/28 based on prescaler bit[15:13]

in CWPWH/CCWPWH registers.

The decreasel/increase step pulse width is defined as the minimum value of the range given in Table 26/28 based on prescaler

bit[15:13] in CWPWH/CCWPWH registers times the ramp step multiplication factor bit[3:0] in RMPCNTL register.

The ramp up final speed is defined as the minimum value of the range given in Table 26/28 based on prescaler bit[15:13] times the

step pulse width value bit[12:0] plus 1 in CWPWH/L and CCWPWH/L registers
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Duration to keep rotation/step

Speed in final speed
A P
& (o %%
o Defined by CW/CCWSCOUNT %%%@@
Q&%\ & CW/CCWRCOUNT registers /@,6 %
é@Q «,5@ '}’)0 6
. RO
) r‘\,}\o S, © b,
@ & /O?,‘j
o 2

>
Ramp start X Ramp end
speed speed
P (No microcontroller interactions required P

> Time
/ Ramp-up Final (top) speed Ramp-down \

Start motor if MCNTL[7]=1

Stop motor when the operation is
completed and MCNTL[7] bit is self-clear

h
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Stepper Motor Controller Typical Application

VDIJ

— |

SDA

R

scL
IRESET
fINT

PO

P1
P2
P3

Micro

PCA9629

OUT[3:0]

Generates INTPO

< , < Generates INTP1 ) |
&Sensor 1 & Sensor 0
Position B Position A
VH Coil drivers

Doll Head Control

Stepper Motors
Optical Interrupter

164

Stepper Motor

Wall-e-remote-control-robot

Open / Shut Doors




PCA9629: Evaluation Kit (OM13285)
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PCA9629 Demo Board Block Diagram

) . - i Motor Control Cable
I Debug I A . Conm::’o:'
=4
Stepper I
Motor !
LPCXpresso : | '
LPC1343 | A @
Motor I Bt A
! Sensors | | iy
| Stepper Motor : %
| Board I 2 - /
_‘ ———————— 4 b m - 01 .. Sensor Output Cable S
WINI2C e
I Switchs -USB

LPC1343 (32-bit ARM Cortex-M3 Microcontroller)

Used to control the PCA9629 Stepper Motor Controller
LPC link can be plugged into the board
Software can be modified using LPCXpresso tools

The PCA9629 Stepper Motor Controller Demo Board only has Part Number OM13321

OM13285 is available on eDemoboard

R4



VOLTAGE LEVEL
TRANSLATORS



| | | .V
Wide Selection of Voltage Level Translators For Different Applications

level
SD, MMC ‘@' translators MMC/SDIO o
camera module
SIM card slot % level - SIM translators _
translators interface o
3.3V Flash memory
lators
VGA @ level VGA trans _
translators
host display subsystem
level sul
Ia S EIRIS DRIDBC level Haptic vibrator

processor SPI

translators

level
HomI Dl level

translators
12C

Ambient light sensor

Touch controller
translators

5._ o level USB Display driver

translators el
12C or SPI .

MHL i HDMI/DDC HEISEOR 3-axis

translators
accelerometer
Hami level compass
translators
single wire gyroscope
GPS receiver

level level level temp sensors
translators translators translators

real-time clocks

3.3V
3.3V 10/ 3.3V 10/ LED controllers
control pins | control pins
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Voltage-Level Translator Overview
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PCA Family

Features:

*Single and Dual supply
*Capacitive isolation
*High noise margin

Applications

*12C buffering
*Long cable
*Hot-swap

NVT Family

Features:

*Dual supply

*Bidirectional
*Auto-sensing

*Passive

*External pull-ups required
+1-10 bits wide

Applications
«Control interfaces

NTB Family

Features:

*Dual supply
*Auto-sensing

*Isolates capacitance
*Push-pull outputs

*Low output drive
*Operates down to 0.95V

Applications

«Control interfaces with
active drive

GTL Family

Features:

*Supports ‘GTL’ logic
*Dual supply
*Auto sensing

*GTL to LVTTL level
translation

Applications

*Supports GTL levels on
Micro-processors

NTS/NTSX
Family

Features:

*Dual supply

*Bidirectional

*Passive

*Open Drain

*Integrated Pull up
resistors

*NTSX family has high
sink current capability

Applications
«Control Interfaces




Level Translators to Support Lower Voltages & Power
Opportunities for level translators as peripherals aren’t changing quickly
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- New designs/applications use lower supply voltage i.e. 3.0V or lower
- All the devices used in a design/application do not use same supply voltage
- A newly designed CPU, uses a lower voltage e.g. 1.8V but a proven old peripheral (e.g. memory,

sensors, RF transceivers, etc.) uses higher supply voltage e.g. 3.3V.

- Voltage-Level Translator is used to prevent the current flow in mismatched voltage supplies

1.8V Level
Translator

1.2V
Processor L8V Level Sensor
T Translator
Geometry I/O Voltages
3.3V 40nm 5V
1.8V Level 28nm 3V
Translator EEPROM 14nm 1.8V
10nm 1.2V
- . -

R4



NTS030x: Level Translators Offer Wider Voltage Ranges

170

Maximum Data Rates — 20Mbps (Push Pull) / 10Mbps (Open Drain)

- Number of channels: 1, 2, 4, & 8-Bit Bi-directional level-shifting Ve Voo [ore ovs]
| ¥L
. Supply voltage range e I ﬁ:
— Number of channels: 1, 2, 4, & 8-Bit Bi-directional level-shifting ; <
— Supply voltage range: o) = [Jrore :
= A-Side Voltage: 0.95V to 3.6V =
= B-Side Voltage: 1.65V to 5.5V Al B “Tr
" Veew) = Veep) % % be
- ESD: 8kV IEC61000-4-2, Class4, contact on the B-Side iECs1000-42
- Smart one-shot with ~40 ns (50ns,,,,) pulse and slew-rate control
for EMI reduction
- Compatible with most competitor footprints adding wider supply __
range and reducing EMI o N O O é
.- Packaging: e~ e 00O
~ 8-channel: TSSOP20,VQFN20 and USON20 " 5 o OO0
- 4-channel: TSSOP14t, WLCSP12t, DHVQFN14, XQFN12 e g | O O O

- 2-channel: 8 Pin, TSSOP8, SSOP8, X2SON8T, XQFN8 and WLCSP8

- 1-channel; 6-Pin, TSSOP6, SC-88 Fig2. NTS0304PW Pin configuration

Fig 3.

Transparent top view

NTS0304UK Pin configuration WLCSP12

T Package options that are currently released

\r
4\




NTS0304 vs NTS0104: No Overshoot with Smart One Shot

Older generation: NTS0104 Newer generation: NTS0304

DS0-% 30348, MYS2103272: Thu Jul 12 18:33:17 2018 DS0- 30344, MYE21
1 200y 2 -h4B.28 Buto

03272 Thu Jul 12 18:44:31 2018

00
10.0:1

+5.04000Y DB:44 P

10.0:1 | DC 10.0:1 Jul 12, 2018

NTS0104 shows visible overshoot with the same operating condition
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NTS0304 vs NTS0104: No Transition “Glitch” with 50-ns One-Shot

Older generation: NTS0104 Newer generation: NTS0304

SCL_NTS0304_3V3

NTS0104 shows visible “glitch” with the same operating condition

h
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Summary: NTS030x vs NTS010x vs Competition

1

\l

Type
Typical IF
# Channels

VccAin

VeeBin
ESD level on B-side

Smart one-shot
One-shot duration

Operating Temp.

3

J

NXP: NTS030x NXP: NTS010x

Pass-trough gate with one-shot accelerator for rising edge

Open—drain <10Mbps

1,2,4,8
0.9V

1.65V
8kV IEC61000-4-2, class4

Yes
target 30ns, 50 ns max

-40to +125 C

Open—drain <10Mbps,
Push-pull with <=25Mbps

1,2,4
1.65V

2.3V
15kV HBM JESD22-A114E Class 3B

No
~15 ns (spec <50 ns)

-40to +125 C

Open—drain < 2Mbps,
Push-pull with <=100MHz

1,2,4,8
1.65V (1.2V, ‘0108)

2.3V (1.65V, ‘'0108)

8kV IEC61000-4-2, class4
(4,8-ch)

No
Measured to be ~30ns

-40to +125 C



Level Translators with Capacitance Isolation (“Active”)

PCA Family
- Why used?

- Voltage level shifting between host processor’s 1°C-bus and peripheral devices when there is a mismatch of supply voltages

- Used when additional drive is needed or to isolate two sections of the bus loading

« Where used?

- Digital logic level translation between host processor and slave device where capacitance isolation and speed of >3MHz

(up to 30MHz) is required

SPEED OUTPUT DRIVE V RANGE
A: 1.0 to (VccB-1V)
Al mA B: 3.0t0 5.5V
B: 6 mA
09A: 100 pA A: 0.8t0 1.5V
09A: 6mA/30 mA B: 2.3t0 5.5V
Fm A:1.0t0 Vie-1.5V
© B: 3.01t0 5.5V
6 mA 23103.6V
A: 0.9 0 5.5V
6 mA (A&B) B: 2.7 t0 5.5V
A: 0.8 0 5.5V
Fm+ 13 mA (A&B) B: 2.2 10 5.5V
174

LEVEL
TRANS

2 Vvdd/
5V tolerant

2 Vvdd/
5V tolerant

5V tolerant

yes

yes

TECHNOLOGY

A side (LV)

static offset

offset on both sides

B side ( HV)

B side ( HV)

FUNCTION / USE

Works with any I°C slave

Ideal for 1.0V master controlling
3.3V slave or vice-versa

Extension of the 12C-bus by
buffering

I2C-bus buffering to 12C device

I2C-bus buffering to 12C device

PACKAGE

S0O8, TSSOP8, XQFN8

TSSOP8, XQFN8

TSSOP20, HVQFN24

SO8, TSSOP8 (MSOPS8),

HWSONS8

S08, MSOP8 , HWSON

TSSOP8, HWSON8

PART#

PCA9509

PCA9509A

PCA9509P

PCA9519

PCA9515A

PCA9517A

PCA9617A

A



Passive Level Translators

NVT Family

- NVT family: lowest standby current (5 pA)

Widest supply range: from 1 to 5V
Fast propagation delay
12C and DDC compliant

No offset

Bidirectional, no directional pin required

Lock-up-free operation for isolation when EN=LOW

Voltage translation with supplies from different domains

- Extremely thin, small pkgs available

OUTPUT
BIT(S) SPEED DRIVE
1
2
open-drain with 50pF

3 < 33 MHz capacitance & 197-Q
6 pull-up
8
10

A: 0.9to 5.5V
2 6 mA (A&B) B: 2.7 to 5.5V
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V RANGE FUNCTION BUS/USE
alt source PCA9306
general purpose, 12C, SMbus,
1.0t0 5.0V <1.5 nsec max propagation delay 12S, SPI, digital RGB
alt source GTL2003, control
signals
B side ( HV) 12C, 12S, SMbus

PACKAGE

TSSOP8, XSON8U, XSON6

TSSOP10/16, DHVQFN16, HVQFN16

DHVQFN20/24, TSSOP20/24, HVQFN24

S08, TSSOPS8, VSSOP8, XQFN8, XSONS,
XSON8U

PART#
NVT2001

NVT2002

NVT2003
NVT2006

NVT2008
NVT2010

PCA9306

Jhin



PCA9306

Bidirectional 12C-Bus & SMBus Level Translator

- Features
- Bi-directional without need for direction pin
- Voltage translation between any voltage from 1.0 Vto 5.5V
- Lock-up free operation for isolation when EN = LOW

- Mixed-mode 1°C-bus application: run two buses, one at 400 kHz other at 100 kHz
operating frequency

- Excellent ESD performance 23V — U H
- Applications 12y — | E ex
-Voltage Level Translation | li [ | vRerr  vRerz
» Mixed-mode 12C-bus Applications B <o JSRSeE] [
GGGGGG 4—0—>I:ISDA1 SDA2
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NVT2003 Level Translator

- Where used?

- Small Level Translations

- Two power supplies for same line
- Why used?

- Prevent “fighting” between redundant power supplies

- Bi-directional without direction pin

NVT2003

10]
g

8
E

GND | 1 O
VREFA | 2
A1 |3 |
A2 | 4
A3 |5
Vw:g|=33V
VoulH)
mm[‘]
Vpuia) =33V NVT2003 1ol en []Hpu []Rpu
VREFA |, | VREFB
[l’ﬂpu [jnou Vpu(B) p g
vee [ Vee
- |A1 3 u]glva al B soL.
1C-BUS ! RC-BUS
MASTER | DEVICE
SDA Az g4 {54} i % SDA
GND a3 ls 'gwr 8] B3 GND
] — ]

The applied enable voltage Vpyw) and the applied voltage at Vieha) and Viegs) should be such that Viegw, is at least 1V higher

than Viesa) and Vs, for best translator operation

JTGND

Bidirectional level shifting between two different power domains

177

EN
VREFB
B1

B3



Comparison:

12C Unbuffered & Buffered Level Translators

- 12C level translators (unbuffered): PCA9306 / NVT2002
- |12C level translators with bus buffers: PCA9509/09A/09P, PCA9517A/9617A

Rise-time accelerator
Idle/Stop detect for hot-swap
Noise/offset isolation
Capacitance isolation

Vea OF Ve supply range

Veeg O Ve, SUpply range
ESD HBM
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PCA9509

PCA9509A
PCA9509P

PCA9517A

PCA9617A

PCA9306

NVT2002

simple translation without
capacitance isolation

NO
NO
NO
NO

N/A

N/A
2kV

NO
NO
NO
NO

N/A

N/A
4kv




Level Translators — NTB Family
3-State and Auto-Direction Sensing

Auto-direction sensing

Wide operating voltage range

Dual-supply, translating transceiver

Suitable for 3-state and push-pull applications

Capacitance isolation

Not recommended for open-drain applications (use NTS family instead)

CH V RANGE OUTPUT DRIVE BW DESCRIPTION OUTPUT ENABLE
1 Active High
1 Active Low
2 SATSI eS8 -20 pA 25 MHz 3-state or push pull
5.5V Active High
4
Active High
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PACKAGE
SC-88, X2SON6, XSON6
SC-88

TSSOP8, XSON8, XQFN10

XQFN12, DHVQFN14, WCSP12

PART#
NTB0101

NTBO101A

NTB0102

NTB0104

h
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NTB0102 Level Translator o v

Auto-Direction Sensing, 3-state T
1| ONE .
. Features | e
- 2-bit, dual supply, bi-directional BRI
- Auto direction sensing i [ | o
- Two 2-bit data 1/O ports, 1 output enable, oo IR H
2 supply pins : : ~— sHot [ H] .
- Translation: any voltage from 1.2 to 5.5V A | toeees i
- Supply voltage i ser
= VccA: 1.2to 3.6V ﬂ:’“.—c{} _‘ <j
- VceB: 1.65 to 5.5V J
_I
- Partial power-down mode E|T‘* one
- High impedance OFF-state poTamiE
- ESD NTB0102 3 States
= 2.5kV /15 kV HBM (JESD22-A114)
= 200V MM (JESD22-A115) e 15—
= 1.5kV CDM (JESD22-C101) ol N, L\T":“
%
- Replaces: NLSX5012, FXLA102, TXB0102 rmumAl!
_H"-l % e
A £ D‘,\u . [:fv-:h
R
180 =
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NTB0102 Level Translator

Auto-Direction Sensing, 3-state

- Packaging: TSSOP8, XSON8, XSON8U, XQFN10

: & &
gz |1 B = u Ij
ano |[2 ] Veos) azl1 Yy [ 7.
Vi) OE veow 2| ]
ol = H ] ﬂ SOT996  SOT902 SOT833
& 8-pin 8-pin 8-pin
SOT833-1 (XSONS) SOT1160 (XQFN10) Width (mm) 3.00 160 1.00
1.0 x 1.95, 0.5 mm pitch 1.4 x 1.8, 0.4 mm pitch ' ' '
SOT1089 (XSONS) Length (mm) 2.00 1.60 1.95

Pitch (mm) 0.50 0.50 0.50

1.35x 1.0, 0.35 mm pitch ﬁ




NTB0104 Level Translator

Auto-Direction Sensing, 3-state o

Al

- Features

- 4-bit, dual-supply bidirectional translating transceiver

- Auto-direction sensing

- Two 4-bit data I/O ports, 1 output enable, 2 supply pins #3

- Translates between any low voltage nodes: 1.2V, 1.5V, 1.8V, 2.5V, 3.3V and 5.0V

- Supply voltage -
= VccA: 1.21t0 3.6V
= VceB: 1.65to 5.5V

- Partial power-down mode

&

31

&

Az

4

7 A A Y

a2

7 A

Ed

g‘-‘.

=BV ANAVAVA VA V4

- High impedance OFF-state NTB0104 3 States
- ESD: 2.5kV/15kV HBM
- Packages P R o VOOl s T
- XQFN12: 1.7 x 2.0 x 0.5, 0.4 mm pitch ol o boed | M O
- DHVQFN14: 2.5 x 3.0 x 0.85, 0.4 mm pitch e —
- WCSP12:1.2 x 1.6 x 0.56, 0.4 mm pitch N M )=

O G |

- Replaces: NLSX4014, FXLA104, TXB0104 : ]
B
L ¥ )
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NTB0104

SPI-bus Application Example

183

1.8V

SPI
Bus

L

terminal 1
index area\\
MOSI
> Al
MISO
A2
CLK
P> A3
Cs
> A4
n.c.
GPIO/ OE

RISICACAS

(1] Veoia—

(14] Veer) —

2| 2] 5] @)

* No external pull up resistors are required for SPI signal lines

MOSI o
B{ —

MISO
B2 «—!

CLK
B3 8
B4

cs

n.c. >

SPI Peripheral

h
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Level Translators — NTS Family
Open Drain and Auto Direction Sensing

- Features
- Operating voltage range: 1.65 - 3.6V to 2.3 - 5.5V
- Low power consumption: 30 pA max ICC
- Uni or bi-directional, auto-sensing
- 1-, 2- and 4-bit in multiple small packages
- Push pull and open drain drivers: UART, GPIO, I2C, SMBus, etc.
- No external components required
- Suspend mode; partial power down with IOFF
- Standby mode

— Onaratinn tamn ranna: AN tn 1280
Jperatiing iemp range. -4av 10 L220°C

BITS V RANGE OUTPUT DRIVE BW DESCRIPTION PACKAGE PART#

1 XSONG6 (1 x 1 x 0.35mm), SC-88, TSOP6 NTS0101

2 1.65- 3565\</t° 2:3- -20 pA/L mA 25 MHz Open Drain TSSOP8, XSONS (1 x 1.35 x 0.5mm), XQFN8, XQFN10 NTS0102
3 XQFN10 (1.4 x 1.8 x 0.5mm) NTS0103
4 0.95- 5'55;/\}0 1.65- -20 pA/L mA 20 MHz Open Drain WLCSP12 (1.2 x 1.6 x 0.56mm), TSSOP14, XQFN12 NTS0104

2 1.65-5.5V -20 pA/6 mA 25 MHz Open Drain XQFN8 (1.4 x 1.2 x 0.5mm), XSON8 NTSX2102

184 m




NTS0102 Level Translator

Auto-Direction Sensing, Open Drain

185

2-bit, dual supply, bi-directional
Features

Auto direction sensing

Two 2-bit data I/O ports, 1 output enable,
2 supply pins

Translation: any voltage from 1.65 to 5.5V
Maximum data rates:

= Push-pull: 50 Mbps

Supply voltage

= VccA: 1.65t0 3.6V

= VceB: 2.31t0 5.5V

Partial power-down mode

High impedance OFF-state

ESD

» 2.5kV /8 kV HBM (JESD22-A114)

» 200V MM (JESD22-A115)

» 1.5kV CDM (JESD22-C101)

Replaces: NLSX4373, TXS0102

No external components required

- One shot used to short (remove) the pull-up resistor during rising
edges

- Edge acceleration eliminates external pull-up resistors, lowering total
power dissipation in open-drain applications such as I2C and SMBus

NTS0102 Open Drain

Voo VooB) g [ | BT E BISS |
CE - .—_|-
] T 2] | a2 [ff* "M[Jr"
:Il_ E?PDET SI::::ZIET JIZ —"‘éji ""L{ o
GATE BIAS =
. '_r T3 . [=ir ATE El&3 e i)




NTS0102/0104 Level Translators Application
SD Card Reference Design

VccA 1.8V VccB :.g}:’e
A Side
C1 c2
0.1uF 0.1uF
L NTS0104 L
VccA VccB

DAT1B

DAT2A

- DATOA | DATOB {
[

|
]
|

CLKA CLKB
ﬁ NTS0102

SD/SDIO MMC

= 1 SD/SDIO
= Card Connec tor
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NTS0104 Level Translator

Auto-Direction Sensing, Open Drain

- Features
- 4-bit, dual-supply bidirectional translating transceiver
- Auto-direction sensing
- Two 4-bit data I/O ports, 1 output enable, 2 supply pins
- Translation: any voltage from 1.65 to 5.5V
- Supply voltage
= VccA: 1.651t0 3.6V
= VceB: 2.3t0 5.5V

- Partial power-down mode
- High impedance OFF-state
- ESD: 2.5kV /8 kV HBM

- Packages
= TSSOP14
= XQFN12:1.7 x 2.0 x 0.5, 0.4 mm pitch
= DHVQFN14: 2.5 x 3.0 x 0.85, 0.4 mm pitch
= WCSP12:1.2x 1.6 x 0.56, 0.4 mm pitch

- Replaces: TXS0104

187

OE

NTS0104 Open Drain

Mg fesg| v

fesg
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NTSX2102 Level Translator o103 Oen b

Auto-Direction Sensing, Open Drain
o —E
S 1
— 1
- Features sa—ft it Po e
- 2-bit, dual supply translating transceiver _‘,'{:}_ PR {2 1.
- Auto-direction sensing a1~ >o—H e} %
- Bidirectional voltage level translation _oéj_ (o o< H o1
- Two 2-bit data 1/O ports, one output enable, two LE] U
supply pins Ve Voo,

- Output edge-rate accelerator that detects and

= V. = 1.65 to 5.5V supply

accelerates rising and falling edges on the 1/0 S z
plnS index areg 2:-: E
terminal 1 8
- Translates between any low voltage nodes: Voo E a1 index area N>
1.2V, 1.5V, 1.8V, 2.5V, 3.3V and 5.0V at U &l
CC{E)
- Operates at a2 ] L s]]e el e
EN

o GND |4 6 |B2
- V= 1.65 t0 5.5V supply A . Ll 4] (o] L]
- Inputs up to 5.5V o aa-00E2S: 4
L
- Partial power-down mode SOT902 (XQFNS8) SOT1309 (XQFNS)
1.6 x 1.6, 0.4 mm pitch 1.4 x1.2,0.4 mm pitch

High impedance OFF-state

h
P
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NTS & NTB Voltage Level Translators Crosses
NTS family = Tl's TXS family

Suitable for push-pull and open drain
applications: I°C, UART, GPIO, SMBus, etc.

Bi-directional w/ auto-direction sensing

189

No external components required

TXS0101DCK

TXS0101DBV, TXS0101DRL,
TXS0101YZP

TXS0102DCT

TXS0102DCU, TXS0102DQE,

TXS0102DQM, TXS0102YZP

No 3-hit version

TXS0104EPW

TXSO0104ED, TXS0104ERGY,

TXSO104EYZT

TXS0108xXXXX

NXP
NTS0101GW

NTS0102DP

NTS0102GT, NTS0102GD,
NTS0102GF

NTS0103GU10
NTS0104PW

NTS0104GU12, NTS0104BQ,
NTS0104UK

No 8-bit version

8-bit

NTB family = TlI's TXB family

TXB0101DCK

TXB0101DBV, TXB0101DRL,

TXB0101YZP

TXB0102DCU, TXB0102YZP

TXB0104D, TXBO104PWR,

TXB0104RGY, TXB0104YZT,

TXB0104RUT, TXB0104ZXU

TXB0108xxxxx

Suitable for tri-state and push-pull applications
Bi-directional w/ auto-direction sensing

Not recommended for open-drain applications
(e.g. I?)C and 1-wire) (use NTS family instead)

NXP
NTBO101GW

NTB0101GM, NTB0101GS1

NTB0102DP, NTBO102GF,
NTB0102GT

NTB0104GU12, NTB0104BQ,
NTB0104UK

No 8-bit version

Both Tl and NXP have automotive versions of some of the above devices

PR 4



NVT4555: SIM Card Level Shifter With LDO

Features:
SIM card level shift between 1.2V ...3.6V and 1.8V or 3V

190

L]
18Vor3V
Vear
' 4555 RST HOST—:i T

12v..36v Ve 18Vor3v 10_HOST

HOST

Built-in automatic direction control without pass gate transistor
Integrate ESD protection to IEC61000-

4-2 8 kV contact

ISO/IEC 7816 compliant voltage translator (CLASS B - C)
Integrate 1.8 V or 3 V selectable 50 mA LDO
Vgat SUpply ranges from 2.5 Vto 5.25V

Low power (< 20uA) with built-in internal pull-up resistors for Data

I/0O, in addition to capacitance isolation
Integrate biasing pull-up resistors

Industry’s smallest solution footprint size, 12-pin WLCSP

ILDO

CLK_HOST—

RST_SIM

LK_SIM

vee
RESET
CcLOCK
DATA
ENABLE
CONTROL_|

EN —
CTRL —

2KV HBM ESD

=TT
S

— GND

0028ag07

Benefits

Support wide range of interface voltages
Simplify design & host control

Protect Host with low BOM cost

Plug & play with all SIM Card standard
Plug & play with 1.8 V or 3 V SIM Cards
Support a wide range of battery voltages
Low power consumption & Low BOM cost
Ultra small 12-pin WLCSP

1. ifx 1.56 mm?x 0.50 mm ., 0.4 mm pitch
O®© gy
® @ ®
RS W M7 . . oy
oSN (N N _1J 0 '\E
VAN &
o) (o2) (a3) 27 Nz 11
e) @) @ — Qé ]
L3 oo& 10
) = —d 3]
EECECEC

h
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NVT4556: 12C-Controlled SIM Card Level Shifter
Includes LDO and IEC61000-4-2 ESD Protection

Features:

191

Vbat from 2.5V to 5.25V; V. range from 1.55V to 3.6V
I2C controls: Enable, LDO voltage, RST_HOST/EN selection

Multiple devices can be added to form a MUX providing Dual/Triple SIM
card support (three different 12C slave addresses)

Supports Clock stop by Host latching inputs

Low host supply power consumption 200uA: Source-able through GPIO
(1.8V Host)

Host supply pin (V) doubles as a logic level input pin to enable and
disable the device : UVLO set to 1.2V

Automatic direction control on the data line without pass-gate
transistor (capacitive isolation and superior low level adjustment)

clock speed support > 5 MHz
Internal pull-up/down resistors for Data I/O, and RST
IEC 61000-4-2 contact 8kV; (15kV with proper layout) & EMI filtering

Industry’s smallest solution footprint size,
12-pin WLCSP, ~1.2x1.6 mm2, 0.4 mm pitch

Block Diagram:

VBAT

VvCC

inF

[

GPIO

RST,

Host
Processor

/EN

CLK

2

\\-I

RST_HOST/EN

CLK_HOST

4.7uF

-

I0_HOST

—

h
P



NVT4556’s |1°C Advantage

Dual Multiplexer for GPIO Constrained Systems

192

Base Band Processor

)

1.8v/3V

SIM1

SIM2

CTRL

EN

Base Band Processor

)

1.8v/3V

SIM1

SIM2

EN

12C

—

5 Assigned GPIOs

1. CLK
2.10
3. EN

4. Existing 12C-bus

Extra SIM
card added



NVT4857: SDR104 compliant Auto Direction Control
SD3.0 Auto Direction Control

Specification outline: [ — |
External supply with > 2.8 Vto 3.6 V passecxzs
- SD card Interfaces voltage 2.9V or 1.8V = e

EMARLE LOGIC

generated by internal LDO
1.2 V and 1.8 V host side support

No capacitive through pass from card side to _

host side e [N

. Clock speed up to 208MHz in SDR104 mode e
IEC61000-4-2 ESD-protection > 8 kV contact

Biasing resistors included

MERCHRY
CARD

EMIFILTER
# Bk ESD
RESISTOR PROTECTION

DATADH HETHIRK

LIAZ_H

- ~ 1.6 x 2 mm?2 chip scale package
with 4x5 grid 0.4mm pitch

DAaTAZ_ S0

NN

DATAS 8D

—

J oo 1 ESD on
‘ | AT
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GTL Value Proposition L5VGTL , Vy

- Where used? Ryt

- Signal voltage conversion between low voltage
processor and LVTTL device

- Why Gunning Transceiver Logic (GTL)?
- Largest selection of GTL devices available
- Provide level transition between GTL I/O and LVTTL I/O

- Low voltage open drain interface with externally
supplied VREF threshold voltage with = 0.05V VIL & VIL
range and RTT sized to match trace impedance to 33 VLTTL
minimize reflections.

- Why Dedicated GTL Processor to Chipset Interface? o

- Work with Intel on new device functionality that is
required with their processors

- Integrated control logic using GTL and LVTTL input line
levels

- Enable pin to disable signals
- Saves board space and component count Zo =50 Ohm

VREF

/ Ryt < Zoerr

h
P
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GTL2005
4 bit GTL to LVTTL Bus Transceiver

- Application
- Intel Server Architecture

- Features
- 4-bit LVTTL to GTL translation
- 3.3V VCC with 5 V tolerance
-+ 12 mA A-Port
- Medium Drive (40 mA) B-Port 15V
- Supports Hot Insertion GTL
- 175 MHz Operation B2
- 14 pin TSSOP package

- Similar Devices
- 2-bit GTL2012
- 4-bit GTL2014 - Alt source GTL2005
- 8-bit GTL2018
- 4-bit GTL2034 - GTL to GTL buffer

BO

~ A0

B1

- A1l

3.3V
LVTTL

- A2

B3 7

— A3

ARV AV
vyl Yy

VREF DIR

h
P
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GTL Active Translation Device Status

Device Function
GTL2005 4-bit GTLto LVTTL
GTL2006 13-bit Xeon translator

GTL2007 12-bit Xeon translator with power good

GTL2008 12-bit Xeon translator with power good & Hi Z outputs

GTL2012 2-bit GTLto LVTTL
GTL2014 4-bit GTLto LVTTL
GTL2018 8-bit GTL to LVTTL
GTL2034 4-bit GTL to GTL

GTL2107 12-bit Xeon translator with power good & Hi Z outputs
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GTL Active Translation Device Status

CH V RANGE
2
3.0v-36V
4 operation.
TTL input 5V
tolerant
8
N/A 3.0to 3_.6V
operation
4 3.0to 3.6V
operation
Note:

FET based level translators without DIR pin GTL2000, GTL2002, GTL2003, GTL2010 are also available, but NVT family is recommended for new designs

197

OUTPUT DRIVE DESCRIPTION

Bi-directional LVTTL to

16 mAon TTL GTL-/ GTL/GTL+
40mA on GTL transceivers with direction
pin and VREF
16 mA Iy onTTL Specialty server level

15 mA g on GTL translator with custom logic

4 bit
GTL-/GTL /GTL+
40 mA Iy, to GTL-/ GTL/GTL+ bus
buffer

VREF

0.5V to VCC/2

0.5V to VCC/2
0.5V to VCC/2

0.5V to VCC/2

0.5V to VCC/2

* Bi-directional LVTTL to GTL transceivers
» With direction pin and VREF (GTL2012, GTL2014, GTL2018)

« LVVTTL to GTL level translation

PACKAGE

TSSOP8, VSSOP8

TSSOP14

TSSOP24

TSSOP28

TSSOP14

PART#

GTL2012

GTL2014

GTL2018

GTL2107

GTL2034

h
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NTAG SMART
SENSOR



NTAG Smart Sensor (Temperature Logger)
ggigl?eéﬁr%itg;g)lution for creating a semi-passive sensing NFC -

- Periodic sensing

L : -—
R E
- Passive communication over NFC battery

- Battery powered
Flexible and autonomous — Open ARM Cortex MO+
PMU — Powered via battery or passive over NFC

< - N
- External power supply voltage range from 1.72V to 3.6V Sl e L]
- SDK based on LPCXpresso IDE 2100
Calibrated accurate temperature sensor; Accuracy of 0.3 °C " " T e
between 0 °C to +40 °C; Accuracy of £0.5 °C from -40 °C to +85 °C
Clock Generation: - Passive communication over NFC Extendable via I/O
- 8MHz internal RC oscillator trimmed to 2% accuracy interfaces (GPIO, I°C, SPI, ANIO, SWD)
- 32.678kHz timer oscillator linked to RTC timer unit * Option to add visual indicator, sensor or radio
. 1S014443 Type A NEC/RFID Interface - Easy to apply; just add a battery and an NFC Antenna
- NFC Interface for configuration and data readout : Sensors : " Packages
- Large non-volatile memory to log more than 14,000 points digital 10 ADC DAC  Current HVQFN24 WLCSP25 BumpedDie
- 32kByte on-chip Flash programming memory NHS3100] + v v M 4
NHS3152| v v v v v v v

- 4kByte on-chip EEPROM
- 8KByte SRAM

h
P
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NTAG Smart Sensor — Com

200

netitive Overview

AMS AMS Delta Melexis Tl NXP
SL13A AS39513 Thor MLX90129 RF430FRL15xH NHS31XX
General
Single chip yes yes yes yes dual die yes
Flexibility Open MSP430 MSP430 MO+
NFC Forum compatible type 5 type 5 type 2/ type 5 type 5 type 5 type-2
1SO14443 /
NFC ISO standard ISO15693 ISO15693 ISO15693 ISO15693 1SO14443
1ISO15693
EEPROM/Flash : OkB 32kB 0.44 kB 2 kB FRAM 32+4kB
Alarms ? ? Multiple ? ? Multiple
Maximum logging points 5 B/ 11000 >18000
Battery single/two cell | single/two cell two cell two cell single cell two cell
Vmin 1,2 1,2 1,45 1,72
Vmax 3,3 3,6 1,65 3,6
Compatible printed battery yes yes 0 0 0 yes
Activation via NFC yes yes yes yes yes yes
Temp accuracy 0,5 0.5 ) on 0,3
User calibration needed < ? < ? no
User calibration possible yes yes yes ? yes
Time accuracy (ppm) 3% 3% crystal D00C D000 0,2%
Current consumption (uA)
not activated 0,1 ' 0,1 0 0,02 0,01
deep power down 3 2 1 1,5 2,5
active 100 150 ? 0C 330 280

h
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NTAG Smart Sensor — Application Domains

Data
Logging
Smart Containers for Food, Resins,
usage event tracking and Chemicals
fill level detection Agriculture / Crop
Growth

Y i
Cold Chain ‘ ) '
Monitoring for e Health
change of state — Smart ‘i;/'v N k condition
b sensing and

. . .

humidity, shock,
tilting, vibration,
tampering

Skin care Personal Patle.n.t & Device usage for tracking:

Wound care Healthcare Medicine injection pens, and inhalers.
Ao a[SI(=Ia[oISH \Medicine usage for smart

blisters, medicine bottles

201
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NTAG Smart Sensor — Solution Concepts

)))UHF RFID
| VDD
)) NHS3100 2c | UCODE |
12C Change-of-State Monitoring
NFC

/ GND . FXLS8972AF Is set up by the NHS3100
when temperature monitoring is started
_‘:_ » « Can be configured to signal exceptional
battery — Shocks
— Vibrations
— Tilting
VDD « Parametrized sensitivity

« Other important parameters for goods:
— Atmospheric pressure
)))@— NHS3100 |2 FXLS8972AF ~ humidiy
— Light
NFC

INT — Tampering

A
y

A

A

battery

GND

h
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NHS3100 Demo Board

- Ready to use demonstrator

- Includes:
- NHS3100 HVQFN24 IC
- A 3V coin cell battery
- An LED, Wake-Up and Reset button

- Probe/connection points towards GPIO, I°C,
SPI pins

- Available:

- 12NC: 9353 086 25598
(NHS3100TEMODB)

203




NFMI



Hearable Use Cases

T

X'a ; Lte

Universal Personal Sound Stand-Alone

Headphone Mp3 Player Fitness Monitor

205

Audio playback
Calling

Augmented
Hearing

Store and
playback locally
embedded music

Go swimming,
cycling, running,
... without your
cellphone!

Heart rate
Breathing rate
Step counter
Activity monitor

Measure directly
in the ear

No need for
additional
wearable device

Translator

Real-time
translation
between any 2
languages

Enjoy a natural
conversation with
locals while
traveling

Customer Value

Amplifier

Reduce
background noise

Control sound
exposure level

Enhance natural
conversation in
loud places (e.g.
restaurant)

Operation

Embedded LTE

modem

Reduces

dependence on

smart phone

“Spotify-in-the-
ear’

GPS in the ear

h
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Existing RF Solution is Almost Good Enough

206

Existing earbuds on the market still have
awired connection between earbuds.

Sending a stereo audio stream to two
distinct earbuds is not possible using
standard Bluetooth A2DP profile: itis a
point-to-point solution.

Forwarding a quality audio stream from
ear to ear is notoriously difficult using
existing 2.4 GHz RF solutions. Most of the
signal is absorbed by human body tissue.

Bluetooth

Audio R

A
4
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NXP Near Field Magnetic Induction Technology

Enabling True Wireless Earbuds

207

NFMI is the best technology to be used
for a wireless audio and data connection
between earbuds.

Works reliable close to the human body.

Lowest power consumption to stream
audio and data over small distances.
(<1m)

NFMI

MP3 player
inside

é

h
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NXP Hearables Product Offerings

Main drivers:

* Increasing audio quality to the level of existing Bluetooth A2DP headsets
« Standard package offering for CE products

* Area and cost of integration

Key delta features / benefits

NxH2261 NxH2265
Released Q2-17 Released Q2-18

NxH2280 NxH2281
Released Q3-16 Released Q1-17

Parameter

Increased audio quality
Codec SBC+G.722 SBC+G.722 SBC+G.722
Audio bandwidth 16 kHz 21 kHz 21 kHz 21 kHz
THD+N -40 dB -67 dB -67 dB -67 dB
SNR -81 dB -93 dB -93 dB -93 dB
Power [MW] *unidirectional streaming 2.5 mw 3.6 mW* 3.6 mWw* 3.6mW*
Net data throughput [kbps] 220 220 220 350
Free CortexMO programming memory 10 kB 15 kB 15 kB 5kB
Non-volatile memory [Kbit] 512 512 512 0

Package
* Pin compatible with NxH2280 Yes Yes No No
Bump diameter [um] 130 130 250 250
UBM [um] 100 100 240 240
Back side coating No No Yes Yes
Underfill required Yes Yes No No
Size [mm?2 104 104 104 7.5

Remarks:

» *audio streaming using G.722, fs=48 kHz still supported
208 m



NXP Hearables Roadmap

Gen 1: Standard BT Classic
+ NFMI

NFEMI

2015-2018
NxH2280/NxH2281
NxH2261/NxH2265
NFMI Audio Transceiver

Perfect Sound
5-Hour Play Time

209

Gen 2: BLE 4.1 + proprietary
NXP audio streaming

& A\

Audio R

BLE 4.1 _—
2019

NxH3670

2.4GHz Audio Transceiver
LifeVibes voice & audio SW

Disruptive Battery Life
20-Hour Play Time

h
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Hearables — What Matters for Consumers

Battery Life User Comfort

Health Retail Price

210

Sound Quality

Features

NX



What is NFMI and What are the Differences with RF?

RF

« Antenna transmits propagated electromagnetic wave

« All transmitted energy designed to radiate into free space
» This is called “far-field” transmission

Near Field Magnetic Induction (NFMI)

» Coupling a low power, non-propagating field between devices
* This is called near-field communication

« Can be modelled by weakly coupled transformer

« AC current in primary induces AC voltage in secondary winding

Magnetic
_____ 4 — — — P Fu — — — - Secundary

winding

Primary

- Secundary
winding

winding

Primary

|

|

¢ winding
|

|

|

L

_— 4 _——— — — — —

Ideal Transformer: Very Good Coupling NFMI Transceiver: Weak Coupling
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NFMI Antenna and Range

NFMI performance dependencies
Material properties: ferrite core
Form factor TX and RX antenna

- Transmit power: configurable on-chip
Integration: noise of the PCB

Typical antenna size for earbuds
See picture: D=2mm, L=6mm
Making antenna bigger: increased communication range
Communication range: 20 ... 25 cm

Antenna design
Most of the time it is custom
Few standard types available: see www.sonion.com
No Surface Mount Devices available

212
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Influence of Antenna Alignment

area of TX and RX coll
orthogonal >
(no reception) f co-planar
BAD COUPLING \J V GOOD COUPLING

area of TX and RX coill
co-axial

BEST COUPLING

area of TX and RX caill

"RXE

h
P
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| U]
NFMI Radio versus NFC

NFC NFMI Radio

Proximity (< 10 cm) Arm Length (up to 1 m)

Passive Tag and Active Reader Active transceiver (TX & RX)

Point to Point communication Enables Networks up to 15 devices
NFC reader is not low power Low Power transmitter

Short data packets Data packets & audio Streaming
Standard using ISM band Proprietary solution

Frequency = 13.56MHz Frequency = 10.6MHz

h
P
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Key Benefits of NFMI Technology

215

POWER EFFICIENT

NFMI is more power efficient than RF on short distance.
Distance is depending on antenna size. Typical distance
for headsets: 20 ... 25 cm.

HUMAN BODY FRIENDLY

NFMI goes through (body) tissue with low degradation of
signal strength, whereas RF doesn't.

The Specific Absorption Rate is 10000 times less than for
Bluetooth. This technology is already being used for more
than a decade in medical devices such as hearing aids.

RELIABLE AND PRIVATE

Steep degradation of MI signal strength as function of
distance reduces interference level, therefore increases
robustness. It also increases privacy.

It also allows to reuse the carrier frequency for multiple
headsets in a same room.

power + Miradio |  RF Radio
Efficiency |
: =
0.5....1 meter > r

~ Rx (MI) OK

o High signal

Tx (MI)

e Rx (RF)
IX (RF) P---- -X' _?' = Noorlow signal
J

I X IR

RF MI
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Key Benefits of NFMI Technology
No Wires, Great Workout!

« During sports and fitness activities, an audio
solution should be hassle-free and safe.

« Atruly wireless earbud solution enables
enjoying listening to your favourite music while
doing your workout.

 When combined with continuous monitoring of

vital signs, you can get feedback on your
performance to optimize your workout.
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NFMI Applications

NFMI enables a secure and
reliable Wireless Personal Area
Network that represents the link

from the persen to loT

Ear-to-Ear

Communication Hearing AldS

NFMI can create a wireless bubble

Automotive inside the car to connect “you' with

the car in a reliable way!

Wireless

Earbuds

NFMI

NFMI creates a

Citiciltiommun;:tationd - Critical Audio Access wireless bubble .
without the security an W 4o ’ g : d you! E !
refiability problems Communication Control pgirs:lgw bjopu,o!,::{;'

associated with RF
technologies. For use in
hazardous and/er high nolse
environments or under water

In/On Body

Sensors in
Sensors Metal Box

Senscrs on the body Only small opening is required
(wireless body area natwork)

Pill cams In the body

R

Smart fridge
{(communicate with
sensors inside the fridge)

Food/drug monitoring
(sensors inside the
contalners)
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NxH3670 Wireless Headset Use Case

219

Gaming Desktop

Dongle

Audio Channel

Headphone

Microphone Channel

USB Data
> Q <
<€

Total Headset Power = 25mW

Forward Audio Channel
« Stereo audio
« SBC HQ audio codec
» 48kHz, 16 bit
* Latency < 20ms

Data Channel
 HCI interface
» ~4kbps

Microphone Channel
 Mono audio
« (G.722 audio codec
« 16kHz, 16 bit

h
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NxH3670 Value Proposition

220

Applications

Power efficient

Highly integrated

HiFi Audio

Flexible

Wireless gaming / communication headsets: small form factor
communication and consumer gaming headsets with long battery life

Lowest active energy consumption in the market
Average power consumption of <8.5mW for 48kHz audio

Low external component count enabling miniaturized devices

Optimized architecture with DSP and hardware support for robust, high
quality audio streaming at <20ms latency

Bluetooth Low Energy 4.2 certified.
Proprietary low latency audio streaming support

h
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NxH3670 Overview

Fully integrated 2.4GHz RF Transceiver
- PHY + MAC + Higher network layers
Supports BLE 1 & 2Mbps mode
TX output power of -10dBm to +4dBm
RX sensitivity of
- -94 dBm in BLE 1Mbps mode
- -90 dBm in BLE 2Mbps mode
Supports 16MHz and 32MHz XTAL

Multi-standard Link Layer
Bluetooth Low Energy 4.2 certified
Proprietary isochronous audio streaming protocol
Industry-lowest Power RF Transceiver
Continuous RX 4mA @ 1.2V
Continuous TX (0dBm) 8mA @ 1.2V
Cortex MO MCU
Runs BLE higher layers and audio profiles
Peripherals: Master/slave SPI, I°C master, UART, SWD
Flexible Audio Path
Optimized HW-accelerated audio datapath
CoolFlux DSP
G722/SBC audio compression codec
I12S or PCM interface to Host and codecs

221

NxH3670
MCU Peripherals Security
_ PMU
(12C, UART, timers, (RSA, AES,
M/S SPI, GPIO) SHA)

Cortex MO BLE 5.0 Radio & MAC
Audio Processing
CoolElux Accelerators
DSP (adaptive SRC,

ADPCM/G722 codecs,
latency control,
I2S/PCM interface)

h
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NxH3670 Package

- Limited external components
- Configurable 10 voltage up to 2.6V

- Bump pitch of 400 um with ball . ] .
diameter 130um . , SEnENg
- 34 bump package: 7 by 5 bump grid = Bl - j
. WLCSP ~ 7.25 mm2 (| b 6 0op ol s ¢
|
p|l ©O O © p o O @ 7
'
c —o—cj—r:j‘—b‘—cr‘b—'c !
b 4
Bl O © O | o G !
oo obooot B
bata1 ~ 1 2 4 8 7 !
dex area =g

222
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NxH3670 SDK Board

- NxH3670 development board

- Flexible board intended for SW and system
development, debug and bring-up
- Contains

= NxH3670
Black box with simple HAPI

« KL27 Microcontroller
« SW source code available
- MCUXpresso programming suite

= Audio codec
= Power management
= Battery

- Full signal observability
- Avallable in SampleStore

223
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NxH3670 Reference Desigh — Gaming Headset

224

USB Dongle Headset
Vio= 1.8V Vext= 1.2V Vio= 1.8V Vext= 1.2V
|1 I1Vmem Viem |1
KL27 k:;
Optional MCU SP
—JK_ Balun — PA/LNA
125
KL27
S et o
SPI Audio
AD/DA
LDO LDO ﬁ
ll.zv lu;v PMIC




NxH3670 ADK Reference Design

- NxH3670 application development board
- Contains both dongle as well as headset reference design

- Form factor reference showing real-life performance of the complete NxH3670 gaming
solution

- Dongle
- NxH3670
- KL27 MCU
- Integrated PCB antenna
- Headset
- NxH3670
- KL27 MCU
- Dialog codec
- Integrated omni-directional PCB antenna
- Programmer’s model
- NxH3670 — Black box with simple HAPI
- KL27 MCU — MCUXpresso with full SW source code

- Available in SampleStore

h
P
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AUDIO SWITCHES



Application for Audio Jack Switches

Insertion Detection — NCX8193

DET DET
B &3 up-—

GND/MIC Switching — NCX8200

Sleeve Top Ring 2
— Lo

Codec NCX8200 f
Ring 2

Rlng 1 Sleeve
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Benefits of Audio Jack Switches

Reliable Insert Detection Moisture false detection Prevention
Multi Standard Support Supports 3 pole, 4 pole AHJ & OMTP headphone
Simply Design Low Crosstalk by Low Ron & common voltage feedback
Better Performance No insertion noise with built in MIC switch
e b —— 3 Pole Stereo {L|IR -

4 Pole AHJ
(American Headset Jack) Q R . .

3.5 mm Headset 4 Pole OMTP < L R . .
(Open Mobile Terminal Platform)

I
Il
1l
i

228
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NCX8200UK: Audio Jack Configuration Switch Matrix

- Description:
- The NXP-NCX8200 is an advanced audio jack configuration switch matrix device.

- It supports 3- and 4-pole connectors and allows re-configuration of the GND and microphone-bias contact to comply with the
American Headset Jack (AHJ) and the Open Mobile terminal Platform (OMTP) pinout. Furthermore, a GND sense path is
automatically connected to the GND path chosen to support quasi-differential amplifier architectures..

- Available in: WCSP 9pin 1.22X1.22mm 0.4mm pitch

Applications
- s | anp  mc Notebook and tablet PC
O OMTF| MIC  GND Cellular handsets
s 1 Portable media players
e —r Navigation devices

- 2 Features

. ‘ l ] Low power standby:.

B s Click free switching.

= E] D—A\ 6RO Extra Low resistance GND FET, 60mQ

(1) Drefault configuration with SEL = L is AHJ comgliant in this example.

typ.
i Sensing pin for Codec compensation.
aND 8kV HBM ESD protection.
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NCX8200UK: Audio Jack Configuration Switch Matrix

230

RI
HP_ L ~AAN Rgnd
AN~
Rr
Codec HP_ R
HP_REF 1

pd -

Sense Pin

Sense and feedback the voltage on the common GND of L/R Channel will help

on the crosstalk performance and EMI noise.



NCX8200UK: With FM Recelver
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L1
[
L2
I
L3
[ ] sense Sl T
>[ ] seL CON1 L4
» | mic NCX8200 s [ ] 4k
[ JenD coNz [ J—

L

h
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U
NCX8193GU: Headset Insertion Detection with Moisture Detection

- Description:

- Advanced audio jack accessory detector and controller. Supports 3- and 4-pole connectors. An internal
microphone bias line switch allows the codec or application processor to control the audio jack configuration to
after-market headphones of various configurations.

- Available in: SOT1160 (10 lead QFN) 1.4 x 1.8, 0.5 mm pitch;
- Replaces: FSA8039A Applications

vio .\OD T Voo Notebook and tablet PC

enls ] J [ s e Cellular handsets
. : ne i [s]ewo Portable media players
. e MR 120 A e [F] Navigation devices
|<| ] D J_Det
EN O
sk Some Prevent Moisture| . Features
i false detection " low power standby.

eiza s O Prevent Moisture false detect

5 \ Click free switching.
oL N Wl N AMe Low ON resistance, 1.8Q typ.

- — I
_”_] 8kV HBM ESD protection.
~ Low Ron MIC SW-D’FD_X

for Mute & Saving Power
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NX5L2750C: Negative Swing Audio signal Switch

- Description:

- The NX5L2750 is a dual low-ohmic single-pole double-throw analog
switch suitable for use as an analog or digital 2:1 multiplexer/ de-
multiplexer. Each switch has a digital select input (nS), two independent
inputs/outputs (nYO and nY1) and a common input/output (nZ).

: o . : : : Applications
- The NX5L2750 is capable of switching audio signals with negative swing ppNotebook and tablet PC
without the need of a coupling capacitor. Cellular handsets
. . Portable media players
- Available in: FSA3157, DG2750 Se i Ees
- Navigation devices
- i~ 4y
terminal 1 - - -
index area \\ 10 g 8
Features
Operates at 1.8 — 5.0 V supply.
1Yo 2Y0 veel 1) 7 | 1vo . Switch voltage: -2.5V to Vcc
1S—F-- - 28 «  Supply current I < 2UA.
12 — — 27 2Y1 2 6 GND * On resistance Ry, = 0.6 W typ.
1Y1 1 L 2Y1 « Typical Cgon) = 75 pF
X ) 5 * High Bandwidth f 345, = 35 MHz
N & £
o
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General Purpose Analog Switches Configuration & Nomenclatures

el

O
SPST

(NO)

TTTTA

SPST

1G66

(NC)

SPDT

T T

—o/o—

T T

—/o—

SPST 2x
(NO)

1G384

. Enable

SPDT

TTTTA
1

—O0— O

TTTTA
1

—O0— O
SPST 2x
(NC)

2G66

235

1G53

SPDT 2x

2G384

1G3157

4684
2267

Config

1x SPST

1x SPDT

2x SPDT

2x DPDT
or 4PDT

Ix SPTT

1x SP8T

3x SPDT

N
X
92}
T
0
—

Device type

NX3L1G66

NX3VT384

NX3L2G66

NX3VT384
NX3L1G3157GW-Q100
NX3L1T3157
NX3L1G53

NX3L1T53

NX3L4684

NX3L2267GU-Q100
NX3L2467
NX3DV2567HR-Q100
NX3DV3899
NX3L4357

NX3L4051HR-Q100
NX3L4051PW-Q100

NX3L4053HR-Q100
NX3L4053PW-Q100

RON

(Q
0.75
0.45
0.75
0.45
0.75
0.75
0.75
0.75

0.8

0.5
0.75
0.75

9.5

45
0.75

0.75

0.8

f -3dB
(MHz)

60
25
60
25
60
60
60
60
60
25
60
60
330
200
30

15

60

THD
(%)

0.024
0.01
0.024
0.01
0.024
0.024
0.024
0.024

0.01

0.024
0.02

0.01
0.02

0.02

0.02

Devices listed in Blue are AEC-Q100 Qualified

X-talk
(dB)

J



Analog Switch in Pin Multiplexing Application

VDD

u L
RX TX
Processor == =
L2 O r
GND
DESCRIPTION BW CH Ron THD
1x SPDT 60 MHz 1 0.75Q 0.024

236

________

r— Enable

NX3L1G53

________

NX3L1G3157

XTALK

-90 dB

PART#

h
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NXP Signal Switches for USB 2.0 Applications

- High-bandwidth, low-power, DPDT USB 2.0 muxes/demuxes
- Features
- Supply voltage
- 1.65V to 4.3V (NX3DV42)
- 2.3V to 3.6V (NX3DV221)

I/O swing voltage

-5V to 5.5V (NX3DV221)
= 0to Vcc (NX3DV42)
Bandwidth: Up to 1 GHz

Low Roy and CSy,

Low power consumption
ESD HBM to 4kV on all pins; >12kV on power-On

BANDWIDTH CHANNELS CROSSTALK OFF-ISOLATION
950 MHz 2 -30 dB -30dB
1 GHz 2 -40 dB -38dB

237

DESCRIPTION
Differential SPDT switch

Differential SPDT switch with charge
pump, bidirectional

PART#
NX3DV42

\
A

y
A



NX3DV42 — Dual USB2.0 Switch

Description

DPDT analog switch designed for switching USB 2.0 high speed (480 Mbps) signals

in applications with limited USB 1/0Os. The wide bandwidth allows to pass signals with
minimum edge & phase distortion. Designed for low bit-to-bit skew and high channel-
to-channel noise isolation, it is perfect for any high bandwidth application.

Available in: XQFN10U (SOT1049) 1.55 x 2.0 x 0.5 mm, 0.5 mm pitch
XQFN10 (SOT1160) 1.40 x 1.8 x 0.5 mm, 0.4 mm pitch
XQFN10 (SOT1337-1) 1.3 x 1.6 x 0.5 mm, 0.4mm pitch

Replaces: FSUSB42/6, MAX4983/4, NLAS7222, NLAS7242, PI3USB102/3,
TS3USB30, DG2722DN.

I8

s[5 B o 2 ] o]
D+ [8_][HsDas pe | ! [7 |50
s Features
b= HsD2= o |2 [& |hsoa « Operates at 1.65 - 4.3 V supply.
* On resistance Ry < 4.0 Q
oD (4] [6_][#sD1+ ITI |—| ITI * Typical C5ony = 6.0 pF
| . ‘ + High Bandwidth f_345) = 950
2 2 3 2 MHz
- - « ESD HBM to 4kV on all pins
SOT1049 SOT1160 « ESD HBM >12kV on power-GND.
1.55x 2.0 mm 1.4x1.8mm

238
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J|
NX3DV42 — USB2.0 Compliant Switches

NX3DV42 FSUSB42 NLAS7222 TS3USB30 TS3USB30E DG2722DN PI3USB102
NXP TI TI

Part Number

Vendor Fairchild ON Semi Vishay Pericom

# of switches 1x 1x 1x 1x 1x 1x 1x
Config DPDT DPDT DPDT DPDT DPDT DPDT DPDT

Vcc Range (V) 1.65-4.3 3.0-43 1.65-4.5 3.0-43 3.0-43 2.7-43 2.7-42
Ron typ. (ohm 3.9 3.9 8.0 6.0 n.a. 7.0 4.0
Ron max (ohm) 6.5 6.5 N/A 10 10 9 5.0
f3dB (MHz) 950 720 700 950 900 900 810
CS(O;:maX 7.3typ 3.7 typ 8.0 typ 7.0 typ 7.5 typ 5.8 typ 7.0
Icc (on) (uA) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

PEEERE YN UMLP10 UQFN10 TQFN TQFN10 miniQFN10 (1.23?61&),

(W x H, pitch
mm)

239

(1.4x1.8, 0.4p)

(1.4x1.8, 0.4p) (1.4x1.8,0.4p) (1.4x1.8,0.4p) (1.4x1.8, 0.4p)

>12 kV 8 kv 8 kV 6 kV > 12kV 8 kV

NXP NX3DV42 outperforms in 4 out of 7 technical specifications

TQFN-10 (1.3x1.6,
0.4p)

8 kV

R4



NX3DV221 — USB2.0 Switch with Charge Pump

Description

Dual SPDT analog switch designed for switching USB 2.0 high speed (480 Mbps) signals
in applications with limited USB 1/0Os. The wide bandwidth (1.0 GHz) allows to pass
signals with minimum edge & phase distortion. The switch is bidirectional & offers little or
no attenuation at the outputs. Designed for low bit-to-bit skew and high channel-to-channel
noise isolation, it is perfect for any high bandwidth application.

Available in: XQFN10U (SOT1049) 1.55 x 2.0 x 0.5 mm, 0.5 mm pitch

Replaces: TS3USB221, PI3USB221, FSUSB30L10X, FSA221L10X

D+ 10+
L1
=
|
10 32['!1-
B
| 4
! 2D
J=|L
EL
g CONTROL LOGIC
g2 |

Time scale (0.25 ns/DIV)

Eye pattern 480 Mbps USB Signal of NX3DV221 switch

240

Applications

* Notebook and tablet PC
* Cellular handsets
 Portable media players

 Set top boxes
» Navigation devices
* Lcd displays

Features

* Operates at 2.3 - 3.6 V supply.

 Switch inputs up to 5.5 V.

* Supply current I < 2uA in low power
mode.

* On resistance Rgy < 6.0 W

* Typical Cgony = 6.0 pF
* High Bandwidth f ;45 = 1.0 GHz
« Evaluation Board Available




NX3DV221 — USB2.0 Compliant Switch with Charge Pump

Specifications Comparison

241

Part Humber HNX3DV221 FSAZ221 FSA321 FSUSB30 TS3USB221 | TS3USB221A Comment
Vendor MNP Fairchild Fairchild Fairchild Tl Tl N/ A
Canfig OFDT DPOT OFDT DPOT CPOT DPOT N/A

Voo Range (V) 27-386 30-43 18-43 30-34 23-386 23-36 Wider is better

Rontyp. (ohm) 3.5 3 2-8 6.5 n.a. n.a. Lower is better

Ron max (ahm) 6.0 6.0 est 10 est. 10 6.0 6.0 Lower is better

f2dB (MHz) 1000 720 20 720 1100 800 Higher is better

Csiong max (pF) 7.5 4 5 typ B.01typ 3.7 typ 6 7.5 Lower is better

lcc(on)  (UA) 45 10 25 1.0 30 20 Lower is better
Package KQFM0U Micropak10 UMLP10 Micropak10 JCFRA10 JQFMA0 smaller is bett

g (1.55x2.0,05p) (1.6x2.1) (14x1.804p)| (1.6x21,058p) | (1.5x2.0058p) | (1.5x2.0,05p) matleris better

E=D 12K gk gk the gk 2KV 12KV Higher is better

Warning:

FSA221 & 321 only have one channel meeting USB 2.0, 720 MHz requirement. The second
Channel is for audio signals only.
NX3DV221, FSUSB30, TS3USB221, both channels are USB 2.0 , 720MHz compliant.

h
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USB Charge: Data and Power Switching

- High Bandwidth Analog Switch to divert the data path
- 1A OVP switch with IEC ESD diode protection
- Low power consumption LDO

a .’

Through path |
T

Threugh path

A3 LD

-

Output  Output
selact  nabla
242 m




NXP Signal Switches for VGA Video Applications
NX5DVxxx Family

DESCRIPTION CHANNELS Ron BANDWIDTH XTALK PART#

I — o | cooe | mowme | e --
Dual-supply 1:2 VGA 7 49 Q 600 MHz 40 dB
Switch

243 m




NX5DV330 VGA Switch

- Quad 1:2 high-speed TTL-compatible

» Low Rgy (< 5.0 Q) minimizes propagation delay & generation of ground bounce noise

- Schmitt-trigger action at enable and select inputs makes
the circuit tolerant to slow input signals.

- Features
- Supply voltage: 4.0 - 4.5V
- High isolation (-60 dB)
- Typical Cg oy : 14 pF
- High bandwidth f,z4g): 300 MHz
- Ideal for S-video, composite, or VGA
- Packages: SSOP
- Replaces: TS5V3320, FSAV330, PI5V330
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e
2

]
=
3

e

T
Applications

Processor :
Main LCD
B | :' e w
v v
Secondary .
LCD -

digital RGB component video switching between
main and secondary LCDs

|
T

h
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VGA Signal Switching

- Switch VGA signals from a video source to either of two external port,
- ESD protection, 4kV HBM JESD22-A114E Class 3A on VGA ports, 4kV contact IEC61000-4-2 on I/Os.

- Integrates all the required blocks of VGA interface.

NXP Switches Integrate:
Level shifting of VGA signals down.

245

Internal buffers drive HSYNC and VSYNC
signals to VGA standard TTL levels.

+33V +5.0V
fm uF Il 0.1uF
Veea) Veeig)
3
| R0, BO, GO 3
GRAPHICS 2 o vo R1, B1, G1|—4>
CONTROLLER | 4 ’ sDA1 scL1 b—2cs] VGA
1 SDAD, SCLO : 7 | PoORT
H1, V1 |——
3
+33V —EN R2 B2, G2 }—
2, | vea
SDA2, SCL2 77| PorT2
GND or Voo — SEL H2, V2 |—F—+
GND

|

LT -

4 T



NX5DV715 — High Speed VGA Video Switch

Description

Dual-Supply 1-to-2 VGA Switch with integrated high-bandwidth level-translating SPDT
switches for RGB, H-sync, V-sync and DDC signals to either of two output channels.

It is guaranteed to operate from -40 to 85 °C.
Low ON resistance minimizes propagation delay & ground bounce noise.
Schmitt-trigger action at enable & select inputs makes the circuit tolerant to slow input

signals.

Available in: QFN32 Package
Replaces: PI3V713ZLE, TS3V712ERTGR, PI3V712/A, MAX4885
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33V

II}J uF

oV

lmpF

i

GRAPHICS

CONTROLLER

s mae) e
it 4 .

+33Y 4

DOCKING
STATION

ViCC[A)

+ RO, B0, GO
+| HO, V0
*| SDAD, SCLO

EN

+«—SEL

GND

Vice(B) I

R1,B1,G1
SDA1, SCLY
H1, i e

VGA

-
w

[ [ R
5

=

R2, B2 G2
SDA2, SCL2
Hz, V2

| pockinG
STATION

LR
¥

)

."'.J."

VGA graphics switching between main LCD
& external monitor via docking station.

Ed
E:1=H

el

504a .

WEL) T
E | Cornlal lagha |

=
v

S

g
e

Apy

—_—

- i
H=H—="

al

Applications
* Notebook and tablet PC
* Net books

» Server PCs
* Set top boxes

* Lcd displays
* HD Televisions

Features

* Operates at 2V-5.5V supply.

» Complete 7 Ch-VGA Signal
Switch

* Low Insertion Loss of 0.6dB

* Roy 0f 4.0 W for RGB Signals

* Typical Cgony =10 pF

* High Bandwidth f 345 = 600 MHz

» Meets VESA 1920x1440




Analog Switches for MIPI CSI/DSI Applications

BW CH Ron XTALK OFF-ISOLATION DESCRIPTION

950 MHz 6 750 -30dB -30dB Differential TPDT switch
5.8Q . . .

950 MHz 2 -30dB -30dB Differential SPDT switch

Differential SPDT switch with

1 GHz 2 3.6 Q -40 dB -38dB e
charge pump, bidirectional

247

PACKAGE(S)
XQFN24U

XQFN10U,
XQFN10

XQFN10U
(SOT1049)

PART#

NX3DV642

NX3DV42

NX3DV221

h
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NX3DV642 — Analog Switch
3-Lane MIPI*-CSI Switch

- High-speed TPDT differential signal switch

- optimized for switching between two MIPI* devices, such as cameras or LCD displays, and on-board multimedia application processors
- compatible with MIPI* requirements

- low capacitance designs allows switching signals in excess

of 500-MHz frequency N ﬁ—”
S Sl Y
- Key features N o ot
- Operates at 2.65 to 4.3V supply dd s i%—ﬂ
LR . 1 1s
- Ron: 5.80 e EEL S pan i I
- Typlcal CS(ON) 84 pF :IL:J ;ZI'I g '.T‘IDE 10— H_‘M
r T Clk1s —f— : 102—
- High bandwidth f(-3dB) >950MHz 10 [0 ] cuet . !
. 10- e | s g 1o+ M_“a
- ESD HBM to 4kV on all pins a0+ [ GE] o , presl D
an- [l 3] 2o+ i _
- ESD HBM >12kV on power-GND rEEEDR o ﬁ—u
W o w | ——————1—18
- Package: B z8” 3 |
- XQFN24U 2.5 x 3.4 x 0.5 mm, 0.4 mm pitch TQFN-25x34mm  s—2= contmor
11
- Replaces: FSUSB642

* Mobile Industry Processor Interface

h
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NX3DV642 Application Example
MIPI Camera — Dual Signal Switching

249

Data 1 +/-

Datal +

Data 2 +f

Data 2 +

Clock +/1

Clock +

Application
Processor

Data 1 -

Data 2 -

Clock -

NX3DV642

Supports cameras requiring 4 MIPI data lanes and 2 clock lanes




Camera Display Interface — Dual Swing Switching
NX3DV221 / 3899

- Use NX3DV221 & NX3DV3899 to toggle video signals between 2 cameras when high bandwidth is needed.

Application
Processor

D+

NX3DV221
NX3DV3899

S

T A

S

=

CLK+

A

CAM 1

CLK-

A
v
A

/

=

T A

NX3DV221
NX3DV3899

CAM 2

Front camera — low res.
(video conferencing)

Back Camera — high res.
(photo/video capture)

- NX3DV221 supports up to 1.0 GHz, NX3DV3899 support up to 200 MHz.
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NX3DV2567 — Dual SIM Card Data Switch

Description

Dual low-ohmic DPDT switch designed for analog or digital
multiplexer/demultiplexer. Optimized for switching WLAN-SIM data and control
signals, it features low on capacitance of 10 pF to ensure high-speed data transfer.
The supply switch path has a low ON resistance to ensure minimal voltage drop as
well.

This device is a perfect fit for dual SIM card switching applications.

Available in: XQFN16 (SOT1161) 1.8 x 2.6 x 0.5 mm, 0.4 mm pitch.
HXQFN16U (SOT1039) 3.0 x 3.0 x 0.5 mm, 0.5 mm pitch.
Replaces: FSA2567.

v ORERERE
SIM1 iy -
v/ ™ol :I 12| 42
ol | K slz_] [11] vt
NX3IDV256T
SIM 2 _Z/,o— 2vila ] [ 0] ne
v 2z[a ] [ s]avo
Vil nlm
ol Lol -] L]
Dual SIM card S2 g 2 & W
Switching °
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Applications

* Notebook and tablet PC
* Cellular handsets

* Portable media players
* Set top boxes

Features

* Operates at 1.4 — 4.3 V supply.
 Control inputs up to 4.3V
 Dedicated supply source switch

* High Off isolation of -60dB

» On resistance Rgy < 1.0 W

y Typical CS(ON) for data path =16 pF

* High Bandwidth f_34g) = 330 MHz
* Low Cross Talk = -60dB



Dual SIM Card Switching w/ NX3DV2567

Supply path
SIM 2 NX3DV2567
/£ — | I—
Supply path
——\ NX3DV28567 V Vcce
\ o | |
) v Vce S _(:C
AT o !
l 7! RST § Vi RST
e g2 &
: O :
| P S &
; e :
o - - Select N | 1/O
Gnd T EE——
—l— Datapath = EI/C Select
Gnd \4:
p— Data path —

Supply path switch portion
Ron = 0.5 ohm
f3dB = 160 MHz

- Optimized for low power loss

Data path switch portion

Ron = 6 ohm

f3dB = 330 MHz

- Optimized for fast data transfer

NX3DV2567 can switch from one SIM card to another without powering down the phone

252

h
P



NX3L Switch Competition
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NX3L1G66 NX3L1G384
-—{//);—— —O0——>0—
SPST SPST
(NO) (NC)

Fairchild Fairchild
e FSA2156 « FSA1157
e FSA1156
e FSAG6 TI

« TS5A3167
ON Semi e TS5A4597
« NLAS4501

Pericom
TI « PI5A124
e TS12A4514
e TS12A4515
e TS12A4516
e TS12A4517
Pericom
¢ PI5A121

= Drop-in equivalent
All others are electrical equivalent

NX3L1G3157 NX3L4684
NX3L1T5157 NX3L2G66 NX3L2G384 NX3L2267
— -CV/);-— —0—+0— " o—
spDT | | A .
——o//"—— —O0— 00— :
SPST 2x SPST 2x oO—
(NO) (NC) SPDT
2X
Fairchild Fairchild Fairchild Fairchild
e FSA5157 « FSA1256A « FSA1257/A « FSA2267/A
e FSA4157 « FSA266 e FSA2257
e NC7SBU3157 « FNC7WB66 Tl « FSA2268/T
e TS5A23167
ON Semi ON Semi ON Semi
e NLASB3157 « NLAS323 « NLAS5223
e NLAS4157 e NLAS4684
TI e NLAS4717
Pericom e« TS5A23166
» PI5A3157 » TS5A2066 Pericom
« PI3A3159 e TS3A4741 « PI5A3158
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HIGH-SPEED
SIGNAL SWITCHES



NXP High Speed Analog Switches

General Purpose

BANDWIDTH CHANNELS
5 Gbps 2
5Gbps 4
8 Gbps 4
8 Gbps 2

10 Gbps 1
12Gbps 2
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SUPPLY VOLTAGE

3.3V

3.3V

3.3V

3.3V

3.3V

1.8V /3.3V

INSERTION LOSS

-0.9dB at 2.5GHz

-1.5dB at 2.5GHz

-1.3dB at 4GHz

-1.3dB at 4GHz

-1.3dB at 4GHz

-1.4dB at 5GHz

CROSSTALK

-30dB at 2.5GHz

-35dB at 2.5GHz

-29dB at 4GHz

-35dB at 4GHz

-35dB at 4GHz

-37dB at 5GHz

OFF-ISOLATION

-25dB at 2.5GHz

-16dB at 2.5GHz

-20dB at 4GHz

-20dB at 4GHz

-20dB at 4GHz

-20dB at 5GHz




Computing/server/networking Use Case

PCle lane reconfiguration

Platform Controller Hub

- PCle Slot Configuration
-X162X82>x4>x2->x1

T LU L
A
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CBTL04083 Mux/DeMux/Switch

- 8-Gbps high-speed signal switch for:
- PCI Express Gen 3
- USB 3.0
- SATA 2 or mSATA
- Features
- 4 differential channel, 2:1
Insertion loss
-0.5 dB at 100 MHz

-1.4dB at 4 GHz
-3.0dB at 7.8 GHz

- Low intra-pair skew: 5 ps max

- Low inter-pair skew: 20 ps max

- Low crosstalk: -30 dB @ 4 GHz

- Low off-state isolation: -25 dB @ 4 GHz

- Low return loss: -10 dB @ 4GHz

- Dual shutdown pins for power-saving mode
Standby current <10 pA

- 3.3V supply voltage

- ESD: 2kV HBM, 500V CDM

- Package: HVQFN42
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Gen3 PCle Switch Pinout Arrangement & Layout Differences

- CBTLO4083A (Flow Through Pinout)

-Trace layout is easy but the signal
propagation delay is unbalanced

- CBTL0O4083B (Loop-back Pinout)

- Placed between 2 PCle connectors, the
loop-back pin arrangement gives
balanced trace length

CBTLO4083A

CBTL04083B

Js|jonuod ssaidx3 |0d

258 M



CBTU02043 Mux/DeMux/Switch

2 differential channel (or 4 single-ended) 2:1 bi-directional mux/demux AQ_P e BO_P

Signaling supported AD_N o™ BO_N

- 10 Gbps USB3.1 Gen2, PCle-Gen 3 signals AlF T~ B1F

- DDR signals A1 T _ 1

Supply voltage: 1.8V - 3.3V ‘T_,_ co-r
o CO_N

Differential BW: 12 GHz e i p

Differential Return Loss: < -12dB @ 5GHz ey CIN

Low crosstalk: <-37dB at 5GHz SEL >¢ >¢

Low Off-isolation: -20dB at 5GHz

Low differential intra-pair skew: 6ps typical XS

IDD: 200 pA (active) and 3pA (powerdown) -

CMOS select signals @ B e

Switch/mux topology: 1:2 :S gﬂ

ESD 2.5kV HBM, 1kV CDM =R gj’l"

HUQFN16 package: 2.4 x 1.6 X0.5 mm package with 0.4mm pitch ol [] o -

e |[w]

o
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CBTL02043 Mux/DeMux/Switch

2 differential channel, 2:1 bi-directional mux/demux
Signaling Supported

- PCle Gen3 @ 8Gbps o - o [T

Insertion loss i g o \

- -0.5dB at 100 MHz gt ol =
- -1.2dB at 4 GHz 2:: 1\- B |
- -3.0dB at 10 GHz SeL Do |

Supply voltage: 3.3V - 3.6V - -

Differential BW: 10 GHz

Low Return-Loss -19.4dB at 4GHz

Low crosstalk: -28dB at 4GHz . App lications: s 1 cm?h e “?%m
Low Off-isolation: -23dB at 4GHz o0~ (E|ee wp[D Z 7 Gl
Low intra-pair skew: 5ps typical - Type-C connector oyt jf: '_.:2 o ar 4 ﬁ s
Low inter-pair skew: 35ps max - PCle Gen 3 - : : o o = E o
3.3V supply voltage _ DisplayPort V1.2 :ij ; ;} EjE : Ei T EiL:
DHVQFN20 package A ] mlcicls
ESD 2kV HBM, 1kV CDM - USB 3.0 LT B2 e
Two pin outs available for PCB layout optimization - SATAGen 3

Standby current < 1 pA controlled by XSD pin

h
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CBTL01023 Mux/DeMux/Switch

10-Gbps bandwidth signaling supporting:
10G Ethernet

PCle Gen 3

- SATA 3, mSATA, SAS 2

- USB 3.0

Bidirectional differential channel, 2:1
High bandwidth: 9 GHz at -3 dB

Low insertion loss: —-0.5 dB at 100 MHz / -1.3 dB at 4.0 GHz
Low return loss: —-20 dB at 4 GHz

Low crosstalk: —35 dB at 4 GHz

High off-state isolation: 20 dB at 4 GHz
Low intra-pair skew: 5 ps typical

VDD operating range: 3.3V
- Standby current less than 1 pA
Tiny XQFN10 package: 1 x 1.55 x 0.5 mm, 0.5 mm pitch

261

AP

AN

SEL

x5

=1l |

cCP

o

&
1 1 -_'*| &1

1N B

CE TI.EI1I'.'IE_3
] T

C_M

DIZmag2d2

h

P



CBTLO8GP053 — USB Type-C Combo Switch

Applications in platforms supporting Alternate Modes to transport multiple high
speed signals over USB Type-C connector

Supports data rates up to 5.4 Gbps e

Supports several use cases s — | : ‘5%“ -

- USB3 ::13 ' | ] r ROLT (811, B10)
- USBS, DP 1/2/4-lanes . I NS

- USB3, PCle (1-lane) l; | ROCE A1, At
High Speed Mux target specs ”;::IL‘ .

- Bi-directional usage support (mux or switch) S k“} o

- -3dB BW: >5 GHz wor—— e
- Insertion loss: 1.3 dB@ 2.7 GHz - 1Sy _ory

- Isolation: 25 dB @ 2.7 GHz ‘ 1 L ez (2. 09

L r
- Returnloss: 18 dB @ 2.7 GHz rff::_j:.p;mﬁl | 21 : [_:::F :r I
- Cross talk: 35dB @ 2.7 GHz e ,', || -
High speed and Side band Mux support (controlled via I°C) /?:{ o f’:_ _
Back current protection on control pins 2C_CLK —
Side band muxes can handle up to 5V (rail to rail signaling) g-ffafﬁf o
Single 3.3V supply e
Active Current consumption ~500 uA swLN ulu mTJ.u G.I.: ana o18873

ESD 2kV HBM, 500V CDM
36-ball BGA, 0.4 mm pitch
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CBTLO8GP053 — Application in DP ALT Mode (Host System)
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USB Type-C Receptacle

USBr2.0
xHCI
Controller
Tx Txl
R Rxl —
Multiplexer
tneo ——— CBTLO8GP05
Lanel —— 3
Tx2
Lane 2 Rx2
Lane 3
GPU
AUX_CH_P
Switch — sBui2 —
AUX_CH. M
f———— HPD
E —— SetMode —»
& USB PD L cci2 —
=
v

<+— Op Mode —

CBTLO8GPO0O53

1P+
RX- MUX
ML2$ oo ™ OP1s1
1P2+i- N
ML2-——— - R (B11, B10)
Pml'IL‘I+g
ML1 IP3+k: MUX
. N
] OF2+-
X2 (A11, A10)
Tx+ |— o ;
" :'“L[ o
ML3+ . ™ [ 0P+
|PE+{-
- — [
ML3 L Tx1(AZ A3
MO | S
MLO |PE+i- MUX
i —— OPas-
L Tx2 (B2, B3)
S N
I
. 1
Ve L T -
ALK
I | SBU1/SBUZ
IPSABE ! I (AB/BE)
L_ _[ ___1
2C_CLK -
12C_SDA M‘“‘”‘ﬁ%""E”T
SLV_ADDR1 . CONTROL
SLV_ADDR?2 .

SW EN VDD WDDIO  GND

Baa-016673



CBTLO8GP053 — Application in DP ALT Mode

USB Type-C System USB Type-C to Alt Mode cable or Alt Mode System
USB Type-C to Alt Mode direct attach
\ : :
, A2/A3 1 TX1+/- ‘
] ]
T 7 2 2 L2,  As N

7 " —— F——<K LT
ug ! .

USB PHY orient- Coonhecior O eonpector
Applicationx |« auer. : ;

2 2 L2, p o SN

Processor i > —— ———<& v S
with USB SS o : i
z, Crossbar B2/B3 + TH2+/- i
- . I ]
Switch : ;
i i
I I
I I
I I
l :

CBTLO8 ! i Alt Mode PHY

GP053 | Required capacitors |
l l
I I
I I
i i
\ | i
A11/A10 T RX1+/- :

— z, 2, ,i E | | S 2,
I I

Alt Mode PHY orient- & Optional Alt Mode

2 ation ums 1ype-C conhector
2-Lane — s switch ) by . \::\ .

DP Source 7 7 7 K 1 AP—
Crossbar B11/810 : RX2+/- E
/ Switch ' X
i i
1 L]
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NXP High Speed Analog Switches
Application Specific

BANDWIDTH CHANNELS INSERTION LOSS CROSSTALK OFF-ISOLATION PART#
-35dB -30dB
DisplayPort 11.1 GHz 6 -1.3dB @2.7GHz
@2.7GHz @2.7GHz
-0.5db -40db -75dB
5.0 GHz N/A
Thunderbolt @5MHz @5MHz @5MHz
10.0 GHz N/A
-32dB -23dB
9.5GHz 6 -1.3dB @2.7GHz
@2.7GHz @2.7GHz
2.5GHz, DDR3 14
DDR4 12




CBTLO6DP213

High performance DPv1.2 Mux/De-mux/Switch

Very High Performance Bi-directional Switch for DPv1.2 (5.4 Gb/s)
applications

Supports

- 2:1 Multiplexing /Switching of 4 High Speed lanes of DP Main Link

- 4:1 Multiplexing/Switching of DP AUX channels / DDC signals

- 2:1 Multiplexing/Switching of DP HPD signal

- 2 Selection pins and 1 shutdown pin

Excellent Signal Integrity Performance

RON 14Q

-3dB BW: 11 GHz

Diff. Return loss: -20 dB @ 100 MHz, -17 dB @ 1.35 GHz, -13dB @ 2.7 GHz
Diff. Insertion loss: -0.9 dB @ 100 MHz, -1 dB @ 1.35 GHz, -1.3dB @ 2.7 GHz

- 3.3V supply voltage; Active Current consumption 2 mA typical,
Shutdown current 10 uA

ESD 2kV HBM, 500V CDM
TFBGA48, 5x5mm,0.5mm ball pitch
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DIN1_ns
DIN1_n-

H.H_th

DINZ_n+

-\"""a;_“

DINZ_n-

DAUX1+

1

DAUET-

DAUXZ:
DALUNZ-

DDC_CLK1

AUX+ or SCL

DDC_DAT1

DDC_CLK2

DOC_DATZ

HPD_1

ALX-or SDA

HPD_2

GPU_SEL

DDC_AUX_SEL

XSD_N

GHND

DOUT _ns
DOUT n-

ALK
ALIK-

HPDIN
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CBTLO6GP213
General purpose HDMI Switch

6-channel multiplexing
- 4 high-speed differential channels 2:1 muxing
= DisplayPort v1.2 @ 5.4Gbps
= PCle Gen2 @ 5.0Gbps
- HDMI 1.4 @ 3.4Gbps
- 1 channel 4:2 muxing for AUX and DDC
- 1 channel 2:1 muxing for HPD
Low intra-pair differential skew (5 ps typical)
Low inter-pair skew (< 80 ps)
- Single 3.3 V supply voltage; shutdown pin
- Current consumption
- Operation: 0.5 mA typical
- Shutdown: <10 pA
Input voltage: 4V max
ESD 2kV HBM, 500V CDM
Package: TFBGA50, 5mm x 5mm, 0.5mm pitch
- Two additional balls at J3 and J7
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DM _n+
DIM1_n—

DiM2_n+
DiM2 _n—
DALX1+

DAUX1-

DAL+
DALX2-

DDEC_CLKY
DDC_DATA

ODC_CLK2
DDC_DAT2

HFO_1

HPD_2

GPLU_SEL
DO_ALX_SEL

X5

VDD

[

/

+ol o

[

DP
ML

[ |

i

/\

AUX+ or SCL

AL
ooc
MLX

AlUX- or SDA

I
=
2

=
[
\ =

GMD

CHOUT_n+
DOUT_n—

AL+
AL~

DDC_CLK
DOC_DAT

HPDHN
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CBTx Bus Switch Value Proposition

- Where used?

- Custom memory bus architectures for server or
enterprise storage applications

- General purpose bus switching or multiplexing
- Base station and server applications
- Why used?

- Route one bus to one of several destinations
depending on system configuration

- Maintain high signal integrity at high speed

- Can be used for failover purposes in servers/base-
stations and Flash based memory support in high
end servers

- Why use NXP?
- Unique portfolio of bus switches
- High speed and high signal integrity (800 Mbps)
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CBTW28DD14
DDR3 Mux

Channel width: 14 bits

- Optimal to fit one data lane each as well as divide address & command bus and
auxiliary signals over remaining muxes

SSTL_15 and SSTL_18 signaling

1.5V or 1.8 V supply voltage

Bandwidth > 3 GHz

Supports 1.6 Gbps throughput per lane

Bidirectional ports

CMOS select signals compatible with 1.5 V and 1.8 V signaling
Switch/mux topology: 1:2

ESD 4kV HBM, 1kV CDM

TFBGAA48 package, 4.5 x 4.5mm, 0.5 mm pitch

¢
g
E
8
=
=
=]

269

WOn

GBTWRB00 14
144

2.1 musissilch

Cimi3)

Hon-walalis
Mamary bark
E.g. Compact Flash

h
P



CBTV24DD12
DDR3/DDR4 Mux

Channel width: 12 bits

- Optimal to fit one data lane each as well as divide address & Yoo
command bus and auxiliary signals over remaining muxes SEL0] —
Supply Voltage: 1.8V-3.3V EN ———
Bandwidth: 8 GHz
Input Return Loss: -16dB @ 4GHz et side E[D'm T P
Skew < 6ps (3 ps typical) 2 T Haten —— A1)
Ron: 8 ohms; ARy < 1 ohm ot PRAM side
Supports 3.2 GT/s throughput per lane host sida C
Bidirectional ports GNDnL _—

CMOS select signals

Switch/mux topology: 1:2

ESD 2kV HBM, 1kV CDM

VFBGA48 package, 3.0 x 8.0 x 1 mm, 0.65 mm pitch
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Memory Mux Application Diagram

CPU
Processor

1IMNDOS WNIA

Termination
Resistors

a)
&)
0
N
=
l_
m
O
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DISPLAY PORT
SOLUTIONS
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NXP enables DisplayPort
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| (V]
NXP DisplayPort Adapter Products
 PatNumberaDescpin |

PTN3363 ,

Low power HDMI/DVI level shifter with active DDC buffer, supporting 3.4 Gbit/s operation = HoOomil

DVI v1.0 and HDMI v1.4b compliant

PTN3381B/D

Enhanced DisplayPort-DVI/HDMI Level Shifters w/ DDC buffer and 5V voltage regulator, cost and feature optimized for dongle » HOmi

application

PTN3360D ' :
. : . 2y HOmi

Enhanced DisplayPort-HDMI Level Shifter with Deep Color Support for HDMI on Motherboard

PTN3392 D (@ »

2-lane DisplayPort-to-VGA Adapter IC, cost and feature optimized for VGA dongle N——

PTN3355 D )

2-lane DisplayPort-to-VGA Adapter IC, low power, small package optimized for motherboards (with Flash) \ )

PTN3356 P -

2-lane DisplayPort-to-VGA Adapter IC, low power, small package optimized for motherboards (with ROM) D & 9‘

PTN3460

DP-LVDS Adapter D LVDS
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PTN3363 Low-Power DP to HDMI Level Translator

Active DDC buffer, 3.4 Gbps Operation

Inputs

- 4 pairs of low-swing AC-coupled differential for TX from display source to sink with integrated 50-Q
termination and bias voltage

- Active DDC buffer
- Non-inverting level-shifting HPD inverter

Outputs

4 pairs of TMDS outputs, up to 3.4 Gbps per lane

Back-current safe outputs to disallow current when device power off and monitor on

Supports HDMI Deep Color at 12 bits/color

1 pair for DDC level translator/buffer

Selectable Rx equalizer (0/2/4/6 dB)

Data rate: 3.4 Ghps, supports 4K x 2K 3 Gbps and 3D video fmts
On-board 1°C-bus slave ROM

- Detect presence of HDMI dongle through DDC channel

- Up to 400 kHz I12C-bus clock frequency

Supply voltage: 2.8 to 3.6V

Operating temp: -40 to +105 °C

ESD 8kV HBM

Package: HVQFN 32-pin, 5x5 mm
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PTN3381B HDMI Level Shifter w/ DDC Buffer & 3.3V/5V Regulator

Inputs

- 4 pairs of low-swing AC-coupled differential for TX from display source to sink

with integrated 50-ohm termination resistors and bias voltage
- 1 HPD from display HPD_Sink to GMCH HPD_Source
- 1 pair for DDC (I12C SCL and SDA)
Outputs
- 4 pairs of TMDS outputs - Up to 1.65Gb/s per lane
- 1 pair for DDC level shifter
- Optional 12C-based HDMI dongle detect

Respond to HDMI dongle detect via 12C (option pin)
- Mandatory feature for DisplayPort-HDMI dongle

3.3V + 10% power supply

Active current 30mA typical

-40 to +85 °C

ESD 4kV HBM

PTN3381BBS: HVQFN-48, 7x7 mm

PTN3381B = PTN3361B + Integrated 3.3V to 5V Voltage Regulator
- Integrated solution for Low-cost DP-HDMI Dongle

- 3.3V to 5V voltage regulator (55mA)

PTN3381BBS

5V
Regulator

Level 12C

HOMmi

Dongle

Shifter Detect
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PTN3360D AC-Coupled to DVI/HDMI Level Shifter

- Inputs

- 4 pairs of low-swing AC-coupled differential for TX from display source to
sink with integrated 50-ohm termination resistors and bias voltage

- 1 HPD from display HPD_Sink to GMCH HPD_Source
- 1 pair for DDC (I°C SCL and SDA)

Outputs

- 4 pairs of TMDS outputs - up to 2.5Gb/s per lane
- Supports HDMI Deep Color at 12bits/color

- 1 pair for DDC level shifter / buffer

Programmable equalizer
Non-inverting level-shifting HPD inverter
3.3V + 10% power supply
Active current 70mA typical
- -40to +85°C
ESD 6kV HBM
HVQFN 48-pin package, 7x7 mm
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DP-DVI Reference Design
NXP DP-DVI dongle with PTN3361B or PTN3381B

- Availability: NOW
- Hardware:

278

Hardware ready for both PTN3361B and PTN3381B (stuff option)
Form factor optimized as a production-ready dongle

Reflects best practices in schematics and layout

Reflects best-in-class BOM cost

Constitutes a reference design of PTN3361B, PTN3381B

Contents
- Full schematic and layout
- BIill of Materials

- Design and layout guidelines for optimal
performance and EMC

Purposes

1. Customer reference design

2. PTN3361B/3381B interop testing
3. Trade show demos



DP-HDMI Reference Design
NXP DP-HDMI dongle with PTN3361B or PTN3381B or PTN3381D

Hardware;:
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Hardware ready for both PTN3361B and PTN3381B/81D (stuff option)
Form factor optimized as a production-ready dongle

Reflects best practices in schematics and layout

Reflects best-in-class BOM cost

Constitutes a reference design of PTN3361B, PTN3381B and PTN3381D

Contents
- Full schematic and layout
- Bill of Materials

- Design and layout guidelines for optimal
performance and EMC

Purposes

1. Customer reference design

2. PTN3361/3381 interop testing
3. Trade show demos
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PTN3355 — DisplayPort to VGA Bridge with VGA Mux

Notebook
- DisplayPort receiver (eDP v1.3/DP1.2a) Docking
Connector
- 1-lane/ 2-lane 2.7 Gbps / 1.62 Gbps PTN3355 /
- AUX channel, HPD support o Protocol DAC  ®
2 VGA output ports —a [B] | engine DAC &
- Analog RGB, up to 240 MHz, 8-bit color x| _DP MCU DAC B
“~—> Receiver e DDC
- 3.3V HSYNC, VSYNC OUtpUtS HPD NVM VGA-IF m
- DDC, AUX channel to 12C DDC channel bridge _—VSYNC v
Notebook
Resolutions: QWXGA, QXGA, WUXGA, UXGA, SXGA (CRT), SXGA, XGA, VGA VGA
Connector
Supply voltage: 2.8 to 3.3V
. RESOLUTIONS PIXEL CLOCK
Operating temp: 0 to 70 °C
QXGA 2048 x 1536 @ 50 Hz 173 MHz, 18bpp
- No support for HDCP or audio QWXGA 2048 x 1152 @ 60 Hz 156 MHz, 24 bpp
- Support fast link training, full link training WUXGA 1920x1200 @ 60Hz 154 MHz, 24 bpp
- eDP Content Protection mechanisms UXGA 1600 x1200 @ 60Hz 162 MHz, 24 bpp
- Supports alternate framing SXGA (CRT) 1280x1024 @ 80Hz 135 MHz, 24 bpp
- Supports alternate scrambler reset SXGA 1280x1024 @ 60Hz 108 MHz, 24 bpp
HVQFN40, 6x6mm, 0.5mm pitch, 1 mm height (max) XGA 1024x768 @ 60Hz 65 MHz, 24 bpp
. ESD HBM 8kV VGA 640x480 @ 60Hz 25 MHz, 24 bpp

h
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DP-to-VGA Bridge for OEM Platform — Use Case
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PTN3355 with integrated VGA port switching on Notebook main board

Notebook

Chipset

VGA

DP to VGA
Bridge with VGA
switch

VGA

PTN3355

VGA Port

VGA Port



DPVGA4M and mDPVGA4M

NXP DP-VGA reference design dongle with PTN3392
Complete with plastic encasing
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Availability: NOW
Reference Dongle Design w/
regular DP connector and

mini DP connector

Uses PTN3392

Production-ready form factor

Reflects best practices in schematics & layout
Reflects best-in-class BOM cost

Optimized for EMI

Optimized for VSIS performance

Purity of signals, reference planes

Final PTN3392 ref design schematic / BOM
Minimized size

Optimized component cost / quality

No external ESD protection needed for passing IEC Eﬁsts



PTN3460 and PTN3460l: eDP-to-LVDS Adapter

Embedded DisplayPort (eDP) Receiver
- 1-lane/2-lane, 1.62/2.7Gbps
- 1 Mbps AUX channel, HPD support

PTN3460

Protocol LVDS

B"“ Engine Transmitter

CERTIFIED

- Support of Full Link Training and Fast link training with auto equalization

- LVDS Transmitter l DisplayPort Flash LVDS
HPD

Single or Dual Buses. Color depths — 18/24 bpp
Supports up to 1920 x 1200, 60 Hz, 24 bpp
Pixel clock 112 MHz (max). D System EDID
Pixel Data Rate max.112 Mpixels/s (Single LVDS Bus) and 224 Mpixels/s(Dual LVDS Bus) Controller Emulation
EDID support via AUX to 12C DDC bridge

EMI Reduction Support

- Down spreading support on DisplayPort interface

- Center spreading support on LVDS interface LVDS Channel Pixel Clock

eDP Content Protection mechanisms

Receiver Memory Transmitter

WUXGA 1920x1200 @ 60Hz Dual 96.5MHz
- Support Alternate Framing and Alternate Scrambler Seed Reset UXGA 1600 x1200 @ 60Hz Dual 81MHz

- EDID ROM Emulation up to 8 EDID Data SXGA 1280x1024 @ 60Hz Dual 108MHz
- Power supply — 3.3V, 3.3V/1.8V XGA 1024x768 @ 60Hz Single 65MHz
- Industrial temp version: PTN3460I VGA 640x480 @ 60Hz Single 25MHz

- ESD 7KV HBM
- HVQFN56 Pkg (7mm x 7mm x 0.85mm, 0.4mm pitch)

h
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PTN3460 Value Proposition

Display Port Link Control Functions

- Auto DP Equalizer
= Equalization gain up to 15 dB
= Optimal link performance thru DP link
= Host power saving

- Extended Control over DP AUX
= Pulse Width Modulation through DP AUX (eDP v1.2 spec)
Backlight Mode set register
Max. of 16 bits for Backlight brightness control

Automatic Power Sequence Control
Embedded Flash memory for BoM saving
- No EEPROM for device configuration

- No EEPROM for EDID Emulation. On chip memory size up to 1K bytes.
Single 3.3v power supply operation or dual 3.3v/1.8v power supply

operation for further power reduction

Integrated LDO regulator without voltage regulation Inductor coil
Selectable Configurability & Feature Rich Settings
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PTN34601 DP-LVDS Adapter

TFT Display

DP to LVDS

eatt Bridge
Application 9 Deserializer RGB Panel
Processor DP1

PTN3460I &

New generation processors (Intel, AMD, Nvidia, Marvell, and TI) which only support DisplayPort will need a way to
interface with LVDS/RGB panels.

NXP bridge converts DP or eDP signals to LVDS to enable new processors to interface with standard TFT displays.

Two High-Speed DisplayPort Inputs:

- Compliant with DP v1.1a, DP v1.2, eDP v1.1, and eDP v1.2
- Supports link rates of 1.62 Gbits/s and 2.7 Gbits/s

- Supports 1-lane and 2-lane data transfer

Two LVDS Output Buses:

- Supports single bus and dual bus

- Supports color depth of 18 bits/pixel and 24 bits/pixel

- Supports RGB data packing as per VESA and JEIDA R data formats

h
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Flexible EDID Data Read Support

EDID Data EDID Data
Read Read

1. PTN3460 reads the EDID data from display panel via DDC bus
2. GPU sends EDID Read command (12C-Over-Aux) to PTN3460
3. PTN3460 forwards the EDID data to GPU via eDP AUX channel

¢

EDID Data
Read

1. PTN3460 stores the EDID data in the embedded flash RAM
2. GPU sends EDID Read command (I12C-Over-Aux) to PTN3460
3. PTN3460 forwards the EDID data to GPU via eDP AUX channel

* Value proposition — Save the cost of using external memory chip

286

¢

EDID Data
Read

~A=hEE- DDC Bus  —-=2= - >
B Rov [

1. PTN3460 reads the EDID data from standalone E2PROM
2. GPU sends EDID Read command (12C-Over-Aux) to PTN3460
3. PTN3460 forwards the EDID data to GPU via eDP AUX channel

PTN3460

LVDS
Transmitter

Protocol

Engine

i

DisplayPort Flash
Receiver Memory

LVDS
Transmitter

System EDID
Emulation

Controller



http://www.televisions.com/tvs/philips-televisions/philips-lcd-tvs/Philips-52-PFL-9704.php
http://www.televisions.com/tvs/philips-televisions/philips-lcd-tvs/Philips-52-PFL-9704.php
http://www.televisions.com/tvs/philips-televisions/philips-lcd-tvs/Philips-52-PFL-9704.php

OM11064: PTN3460 eDP-to-LVDS Demo
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USB TYPE-C PD
CONTROLLER &
CC-LOGIC
CONTROLLER



USB Type-C PD PHY and CC Logic Controller

PTN5150 PTN5110
CC Logic PD PHY

(=]
i
i
w
=]
zI
L
|

— EM_LISEFET1
I EN_USBFETZ

[=]
-4
I
VBUS_DET I
= : H1—ccl
ID o /
, ADRICON_DET
EXT_SEL_2
e T ——S5LV_ADDR
PORT — cer—H = INT.N
GG —4— e
DEVICE CONTROL AND MANAGEMENT | GG_ORIENT ——| o) e B
GC_CTRLY —
DBGACE_FOUND —— BCSLAVE | ——SFI_CS
SCL SDA INTB — —S-F':_:GEI_EG_EUA
VCOMNN_IN— — SFI_MISO
—1— SPI_CLK_|12C_SCL

Type-C CC logic,
Legacy USB, OTG USB TCPC PHY



PTN5110 — USB Type-C Port Controller (TCPC) PD PHY

Description

290

Target compliance to PD3.0, Type-C 1.2 and TCPC Version 1.0, Rev. 1.2

Implements TCPC PHY with register interface towards TCPM along with vendor defined extensions to support PD3.0
VDD range from 2.7V to 5.5V

Integrated VCONN with over current limiting, short-to-GND and temperature protection

VBUS discharge (Force and Bleed) support

VBUS dead battery power supply (4.0V to 25V, 28V Max Tolerance)

VBUS voltage monitor with 10-bit ADC

I2C based host interface (up to 1Mbps). Provides up to 4 slave addresses, enabling PHY user for multiple ports.
Provides GPIO for debugging accessory indication, fast role swap for “arming” 5V load switch, and 5V load switch ILIM selection control
Provides VBUS source and sink power path control signal

Available in: X2QFN16 2.6 x 2.6 mm, 0.4 mm pitch

. 2 % % % % Applications Part Power-Up Interface Use Case
2 i £BeXzz> Number Mode
——t Y Notebook PTN5110 DRP 2C Notebook, Ultrabook
Desktop PTN5110T DFP 12C Desktop, AIO
- ] SovaooR Blelgle]ADleleIolel PTN5110D UFP 12C Docking and Dongle

CC1=
o2

Enables the Embedded Controller (EC) to act as a PD Controller

[ 1111

CO_ORIEMT BLOCK WM
CC_CTRLY —
PRGAGeFaNeT ITERFACE | L oy mos_12c_so OM13585UL - PTN5110 Host Board
vooRN N SPISAVE | —{ - sPLmso OM13586UL - PTN5110 Dock Board
INTERFACE | —{— SPI_CLK_|2C_SCL

OM13587JP - PTN5110 Type-C Demo Kit
OM13588xx - Shield Board for i.MX/Kinetis (xx [TBD] will be either UL or JP)
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PTN5150/PTN5150A — USB Type-C CC Logic Controller

- Features:
- Complies to USB Type-C Rev 1.1 8 8 2 3 g )
- Can work autonomously or can connect to a controller Veus_DET — cct < =1 1= [= s " & o
through 12C-bus interface e T = = [=] [2] [=]
- PTN5150A: Pin 11 = EXT_SEL output to control USB data extseL N e T oy T scuours
switch, e.g. PTN36043 (USB 3.0 Active Switch) ) | ce2[ 7] [T Jsowourz ool L5 sowours
- PTN5150: Pin 11 = ENB (Enable input pin, active low 55 By
(Enable input p ) J o] 1 ][] L[] ] [
- DFP/DRP/UFP Advertisement [DEVICE CONTROL AND MANAGENENT | g &k 5 k & & §
T o I 2! o o ! =]
_ DFP Rp = 80/180/330pA 1 ¥ g 3 E g 3 £
SDAOUT!  SCLIOUT2  INTBIOUTS & 5
- UFP Rd =5.1KQ -
- Supports:
- Cable/plug insertion / removal detection Applications Part Number Interface Use Case
- Orientation detection
- Role and charging current detection Smartphone, EXT_SEL directly controls PTN36043

Computing and PTN5150A Pin 11 = or CBTL02043. Save one GPIO pin

Dead battery mode
y . Accessories NI from PMIC to USB 3.0 Switch
- Current consumption:
- Standby in dual-role mode: 50uA Smartphone
_ . ) N . _ Pin-to-pin compatible with competitors
Standby in host mode: 40pA Computmg and PTN5150 Pin 1_1 = ENB (TI & Pericom). When PMIC use
Accessories Active Low

- Standby in device mode : 40pA active low to enable CC logic chip.

- Package: 12-pin HVQFN (1.6mm x 1.6mm)
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USB 3.0 RE-
DRIVERS



Applications for USB3.0 Interface Products

Front Seat USB Port

USB 3.0 USB 3.0 | USB 3.0
1:2 Demux Redriver 2:1 Mux
CBTL02043 PTN36241B/ CBTL02043

PTN36242L

- USB 3.0 Redriver
- Improve system reliability and compliance to USB 3.0 specifications

- Flexibility of placement of USB 3.0 controller and PHY (e.g. driving the USB 3.0
signals from Infotainment Processor in front panel to the back seat)

- USB 3.0 Muxes and Switches

- Demultiplexing the signals from an internal hard drive and external USB 3.0
connector

- Multiplexing the USB 3.0 interface to two interfaces in rear seat

293

Rear Seat USB Ports
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USB3.0 Re-drivers Example Usage Models

Motherboard
I AIN+ AOUT+—| I_
TX o

i | AIN- AOUT- I} 5
Sgg/ Sg'eseﬂ | pTNgeza1c | 3 5 USB

S || = 2 .
Controller g, | | BOUT- BIN- S § Peripheral

I } BOUT+ BING
USB cable
Motherboard

. Tx
CPU/Chipset
/USB Host
Controller

Hx
j |
Docking station .
— Al AOUT+ —{ }— % USE
AlN- AOUT- —{ ’— 3 c .
PTN36241G £ é Peripheral
% OUT- - o
| FouT BN+ | USB cable
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USB3.0 Re-drivers and Active Switch Overview

- Single and dual-port options
- 5-Gbps bandwidth

DESCRIPTION

USB 3.0
Single Port

USB 3.0
Dual Port

USB 3.0
Half Port

(Single Channel)

USB 3.0
Single Port

USB3.0 Single
Port Active SW
USB3.0 + DP1.2
Combo Re-driver
USB 3.0 Dual Port

BANDWIDTH

5 Gbps

5 Gbps

5 Gbps

5 Ghps

5 Ghps

USB3: 5Gbps
DP: 1.62Ghps, 2.7Gbps, 5.4 Gbps

5 Ghps

SETTINGS POWER SAVING

53 mW @ U2/U3

5-state quinary pins 20 mW @ No Connect

is [50) I 10 mW @ Sleep mode
binary pins 66 mW @ U2/U3
oS E):;)p DE 26 mW @ No Connect
' ' 0.5 mW @ Sleep mode
adjustable RX equalization, active: 97 mW (54mA)
TX de-emphasis & output swing deep power saving: 18 uW (10 pA)

adjustable RX equalization both channels, TX
de-emphasis & output swing

adjustable RX equalization both channels, TX
de-emphasis & output swing

12C or GPIO

adjustable RX equalization both channels, TX

de-emphasis & output swing VIDID=LEY

PART#

PTN36241B

PTN36242L

PTN36221A

PTN36241G
PTN36001

PTN36043

PTN36502

PTN36002
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USB3.0 Re-drivers and Active Switch Overview

296

New New
PTN38003 PTN3814 PTN36502 PTN36043 PTN36241G PTN36001
Features Combo DP1.4 Combo USB USB USB
USB 10Gbps Redriver USB 5Gbps 5Gbps 5Gbps 5Gbps
DP 14 DP 1.2
Port Configuration 4x4 4x4 4x4 1x2 Single Single
Power Supply 1.8V 1.8v 1.8V 1.8v 1.8v 1.8v
Rx Equalizer
12C & GPIO
TX De-Emphasis I2C & GPIO 12C & GPIO GPIO GPIO GPIO
Control
Power
istri‘::mpt'on* 450mW 450mW 207mW 189mwW 189mw 200mwW
. 18uwW 18uw 5.4uW - 3.6uW 11uW
Disable mode
Package HWFLGA36 HWFLGA36 DHXQFN24 DHXQFN18 X2QFN12 X2QFN12
(2.1 mmx6.0 | (2.2 mm x 6.0 2.4x3.2 2.4x2.0x0.35 1.25x2.1x 1.25x2.1x
mm x 0.6mm, [ mm x 0.6mm, | x0.35mm, 0.4 [ mm, 0.4 mm 0.35mm, 0.4 | 0.35mm, 0.4
0.4mm pitch) | 0.4mm pitch) mm pitch pitch mm pitch mm pitch
Target Application Mobile Computing Mobile Mobile Mobile Computing
Availability ES ES Production Production Production Production
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PTN36043 — USB Type-C Super Speed Redriver Switch

5Gbps USB3.0 one port redriver switch
Compliant to SuperSpeed USB standard
Optimized data flow for Type-C connector

Adjustable Receive equalization, Transmit de-emphasis, and output
swing functions

Low crosstalk and excellent differential and common return loss
performance

Low power management scheme
- 189 mW (105mA) active power
- 2.16 mW (1.2mA) in U2/U3 state

- 0.9 mW (0.5mA) with no connection

Power supply: VDD=1.8V+5%

ESD 8kV HBM; 1kV CDM

Operating Temperature Range: -40°C to 85°C

Very small thin DHXQFN18 package 2.4 mm x 2.0 mm x 0.35mm, 0.4
mm pitch
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TX_AP_+
TX_AP_-

RX_AP_+
RX_AP_-

VDDfl.8V

!

PTN36043

TTTTT

5
3
s
H
o
R
m
23
=
[*]
2
LT

chchch

EMPHASIS

FILTER
T

EMPHASIS
FILTER

A

nnnnnnnnnnnn

YvY

DEVICE CONTROL AND MANAGEMENT

A A

A

A

SEL CH1_SET1 CH1_SET2 CH2_SET1 CH2_SET2
(TXDE)

(RXDE) (TXEQ)

(RXEQ)

TX_CON_1+
TX_CON_1-

TX_CON_2+
TX_CON_2-

RX_CON_1+
RX_CON_1-

RX_CON_2+
RX_CON_2-
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PTN36241G —USB3 Redriver

1 port (2 channels) USB3.0 redriver oocsov

Compliant to SuperSpeed USB standard. % o l PTN36241G | r[ﬁ]
Optimized data flow for high performance and optimized AoUT+ T EMPHASIS e AIN®
PCB layout rour 1 T % ' FILTER gy
Adjustable Receive equalization, Transmit de-emphasis, beTecTion peTECTion

and output swing functions ﬂ‘f? W
+ | |
Ultra Low power management scheme

BOUT+

EMPHASIS
FILTER

Power supply: VDD=1.8V+5% Lo x e
oettCrion g e
ESD 8kV HBM; 1kV CDM DEVICE CONTROL AND MANAGEMENT
Operating Temperature Range: -40°C to 85°C f f
| |
Very small thin X2QFN12 package 1.25 mm x 2.1 mm X l cz

0.35mm, 0.4 mm pitch
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PTN36241B USB3.0 (Super speed) Re-driver

Supports USB3.0 Super Speed at 5Gbps

Intelligent 12C-bus multiplexing 5-level logic configuration options (with patent—pending quinary pins) delivering ultimate flexibility

Link budget enhancement — Compensates for High Frequency losses/inter-symbol interference
Selectable Output swing, Transmit Emphasis and Receive Equalization & input signal threshold

Rx Termination Indication & Detection
LFPS detection and forwarding
Intelligent Power management with Multiple power modes
Hot Plug capable
ESD HBM 6kV, CDM 1.25kV
Power supply: 3.3V
HVQFN24 package (4 mm x 4 mm, 0.5 mm pitch)
Target Applications
Systems with USB3.0 interface requiring long-distance cables
Multi-media servers
Infotainment systems
Networking equipment
Computers/Notebooks
Docking stations
Active USB3.0 cables
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PTN36242L Dual Port USB3.0 Re-driver

- Support 2 USB3.0 ports

- Selectable RX Equalization
- Selectable TX De-emphasis
- Programmable output swing
- 3.3V Power supply

- Low active power: 775mwW

PTN36242L éﬁj
=z ‘ ALIN+

EMPHASIS
FILTER

_f

j@ [ 1]

BIOUT+

EMPHASIS [

BIOUT-

FILTER

- Low Power-Saving mode
-80 mW in U2/U3 states
- Small HVYQFN32 package

-3X6X0.85mm with 0.4mm pitch

ion
10N ADEO
|« ADE1
T e
CONTROL AND MANAGEMENT
€ Q1
[
CE
EMPHASIS AN
FILTER o
e |
B2 J ceplass o B20UT
B2IN- l FILTER B20UT-
o
e
oetecrion
MOTHERBOARD l —
=
M c 8
I A1_ouT- ALIN- G g
RX I Aatouts  ALIN® —8 g USB3.0
H S| PERIPHERAL
~ BLIN- BL0UT- | {3 USB3 Cable
BLIN+  BLOUT+ ({8
Rl e a2 o I
CONTROLLER gy b a2our AN ——G|  ussscane [ ]
| A2_out+ AN+ —8 I3
g g USB3.0
B2IN- 82_0UT- |{}—|3 g
™ B2N+  B2OUT+ [{—{8 H PERIPHERAL
T = 00|
MOTHERBOARD l DOCKING STATION —
phttiitiiach L
\ @
. b ALour AL g USB3.0
J— A1_ouT+ ALIN+ g PERIPHERAL
H
BL_IN- B1_OUT- | USB3 Cable g
cpPu/ i BLNe  BLOUTH [ )
e S MAIEZEN o
CONTROLLER gy fb— Az out- A2 N- usescale [ |
b Azours  Azine <
g
9 USB3.0
il B2_IN- B2_OUT- 9
g BN+ B2.OUTH 5| PERIPHERAL
T = 00 |
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PTN36221A Single Channel USB3.0 Re-driver

- SuperSpeed USB 3.0 compliant i
) . . . . . PTN36221A
- Adjustable receive equalization, transmit de-emphasis, and [ﬁ?l
output swing functions EMPHASIS

A

- Low power management scheme (V5=1.8V)
Active power: 97 mW (54 mA)

U2/U3 state: 5 mW (2.8 mA)

No connection: 1 mW (0.55 mA)

DEVICE CONTROL AND MANAGEMENT
A A A A

EN EQ 0os DE

- Deep power saving: 18 pW (10 pA) Top View
Hot plug capable = 2 9 9z
Supply voltage (Vpp): 1.8V £5% ’9 ': ’9 o
ESD 8kV HBM; 1kvCcbm . ,

Voo 1 1' : 8 DE
Operating temperature range: -40 to 85 °C | PTN36221A
Package: small, thin X2QFN12, 1.6 mm x 1.6 mm x 0.35mm, ] A b
0.4 mm pitch ro T T T

Transparent top view
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PTN36001 Single Port USB3 Re-Driver

- 1 port (2 channels) USB3.0 redriver
- Compliant to SuperSpeed USB standard.

- Optimized data flow for high performance and optimized
PCB layout

Adjustable Receive equalization, Transmit de-emphasis,
and output swing functions

Low power management scheme
200 mW active power

5.4 mW (1mA) in U2/U3 state

3.6 mW (0.5mA) with no connection
11 W in deep power saving

Power supply: VDD=1.8V+5%
ESD 4kV HBM; 500V CDM
Operating Temperature Range: 0°C to 85°C

Very small thin X2QFN12 package 1.25 mm x 2.1 mm X
0.35mm, 0.4 mm pitch
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AOUT+

AOUT-

BIN+

BIN-

VDD=1.8V

|
:9_[1.]‘-[.] i PTN36001
line driver
|

equalizer |

AIN+

TERMINATION

DETECTION

i

equalizer

EMPHASIS
. FILTER
Y l Y VY
RX T SQUELCH AND
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BOUT+
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DETECTION

EMPHASIS
FILTER
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TERMINATION
DETECTION

DEVICE CONTROL AND MANAGEMENT

A

A
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Target Applications
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PTN36502: 5Gb DP/USB Combo Re-Driver

- Single Power supply: VDD=1.8V+10% A
- Robust protection - ESD 8kV HBM; 1kV CDM =
- Wide operating Temperature Range: -400C to 850C S

303

Combo USB and DisplayPort Redriver function

Optimized pinout and package for Type-C applications

- Very small thin package DHX2QFN24

- 2.4mm X 3.2mm x 0.35mm with 0.4mm pitch

- Part Number options (PTN36502HQX & PTN36502AHQX) for I2C address variant

USB3.0 and 4-lane DP1.2 (HBR2) operation

Works with Host processor that integrates DP/USB Crossbar Switch
Complies with USB3.0 and DP1.2 specifications

Integrated AUX xbar switch with USB-C Safe State support
Automatic Output driver adjustment for DP path through AUX channel
Good signal integrity with minimum near end crosstalk |
Low power design with very low power saving modes

Support both 12C slave and GPIO control mode for programmability

- Configurable Receive equalization, Transmit de-emphasis and output swing capability

Jossmal g o e pddy

7
B

HEBEED D LTI
T

Mode Usage [ o | nl .
Standard USB Type-C mode USB3 signaling only A i wg e " > wonl, e [
DP Alt mode & USB3 USB3 & 2-lane DP signaling L T — T l ﬁ
DP Alt mode only 4-lane DP signaling with USB2 only i - e

h
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PTN36502: Application Use Cases

- To compensate signal loss between an application
Full featured - USB-PD with DP Alt mode and USE3.0 processor or a Chipset to to Type_C Connector
1, . L VELE -
gﬁgm |l WT' USE Mode L'H#
?:I o Targel application — Flex PCB Target application — Flex Cable
Hosl [P ':;..
. 1 m % = T
Procssson . . - ::: -
e > DPEES ] R OF Mode Flex Cable
j 1 oz | R = 2 PCB Example -
= PTMZESA i
__ e
*Eachyging PSR proteeinn davices _.::E:fm .
> ¢—|_’ - Recammend ta place redriver close ta connector
Applications USB0R Hode L 4
Smartphone

Personal Computer
VR/AR Goggles
Accessory/Docking
LCD Monitor
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PTN36002: 10Gb USB Type-C/DP Combo Linear Re-Driver

« Product Features

Supports USB 3.1 Gen 1 data rate (aka. USB3.0) of 5Gbps

Support USB type A/B/C connector through either I2C slave interface or
ternary GPIO pins

Support RX equalizers on all inputs to compensate receiver side channel
attenuation

Support TX De-emphasis and Output swing on all outputs to compensate
transmitter side channel loss

Low power design with very low power saving modes
Small thin package DHX2QFN24 2.4mm X3.2mm x 0.35mm

« Product Benefits

305

Lowest power consumption

= Active power: 1.8v (NXP) vs 3.3v (Competitor) Vdd power supply
= Standby power (U2/U3 mode): 1.8mW

Good signal integrity for full USB compliance.

Enhanced surge protection at Rx pins: ~14v surge capability (Tx pins are
covered by the required coupling cap per USB spec.)

Support both 12C and GPIO mode. I2C mode has more programmability
(Ex. Threshold voltages, EQ, De-emphasis, amplitude, etc.)

Higher HBM ESD: 8kV vs 6kV (Competitor)
Better system level ESD protection: 8kV contact (target)
Smaller package

B1IN+
B1IN-

C1
c2
EN

line
driver
1

PTN36002
[ emenass |

RX
TERMINATION

equalzer
1

]

DETECTION

+ EMPHASIS

SQUELCH
AND LFPS

EMPHASIS

DETECTION

] [ o
[

SQUELCH

AND LFPS
DETECTION

FILTER

+ oy

RX
TERMINATION

r DETECTION
4|_’ DEVICE CONTROL AND MANAGEME!
d:r\'aeer [ equalz:
—— | s HH=——
| - SR
TERM‘:?&TWDN :ESELE;Z
DETECTION DETECTION
e
— j‘:j | EMPHasis | = -
SQUELCH —] RX
AND LFPS TERMINATION
DETECTION DETECTION
002339537
Applications
Smartphone
Personal Computer
Accessory/Docking
LCD Monitor

AZIN+
AZIN-

B20UT+
B20UT-
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PTN36002: Dual-Port USB Re-Driver Competition Landscape

3

Repeater Architecture 5G Dual Port Limiting Redriver

Package size

PTN36002

HX2QFN24
2.4x3.2x0.4 mm
(Dimension: 7.68mm?2.
Max height: 0.4mm)

Rx CTLE Gain EQ: 9dB (Tx DE: -5.3dB)

VDD

o

Power consumption

Configuration

6

Standby (U2/U3)

Shutdown

1.8V

USB3.1 Genl (5Gbps)

@ 1.8V supply

OEIENNIA 207mW

2mwW
0.027mW (15uA)

I2C or GPIO

Parade PS8720B
5G Dual Port Limiting Redriver

TQFN32

3x6x0.4 mm
(Dimension: 18mm?2.
Max height: 0.75mm)

EQ: 13dB (Tx DE: -5dB)
3.3V
USB3.1 Genl (5Gbps)

@ 3.3v
861mwW
70mW
ImW

GPIO

h
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Voltage Comparators

- Low-power, rail-to-rail 1/0

- No phase inversion with overdriven input

signals.

Excellent noise rejection for high signal

integrity
- Very low supply current (lcc < 6 pA)

Low start up voltage: 1.3t0 5.5V

- Leading MicroPak and PicoGate packages

Ve (Mmin — max)

308

1.3t0 5.5V

CURRENT (TYP)

drive: 68 mA
supply: 5 pA

drive: 68 mA
supply: 6 pA

PROP
DELAY

0.5ms

INPUT
OFFSET V

0.5mV

OPERATING
TEMP OUTPUT
push pull
open drain
-40 to 85°C
push pull
open drain

Applications

Portable media players
Consumer/wearable devices
Set top boxes

Navigation devices

LCD displays

Notebook and tablet PC
Cellular handsets

# COMPARATORS PACKAGE PART#

XSONG6, X2SONG,

2 UMT5

TSSOP8, XQFNS(U),
HXSONS

h
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NCX2200/2202 Comparators

Low-Power Rail-to-Rail
ouT | 1 | 5| Vee our [Ty [5]] vee
Low voltage, low power comparator Veg [Z] vee [[E] [E]|ne
Convenient for use in 1.8, 3.0, and 5.0V systems | _
Features IN+ [3] E30 T ER
- Supply voltage: 1.3 to 5.5V
- Rail-to-rail 1/0 SOT353 SOT886

- Very low supply current: 6 gA per comparator
- No phase inversion w/ overdriven input

- Excellent noise rejection

- Push-pull output (NCX2200)

- Open drain output (NCX2202)

&

Packaging
- NCX2200GM:SOT886 1.0 x 1.45, 0.5 mm pitch
- NCX2200GW: SOT353, 2.0 x 2.0, 0.65 mm pitch . 1 .
- NCX2200GF: SOT891, 1.0X 1.0, 0.35 mm pitch 1 out
- NCX2202GM: SOT886 1.0 x 1.45, 0.5 mm pitch, IN- 3 _
open drain
Replaces: ON Semi NCS2200A
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NCX2220/2222 Comparators

Low-Power Rail-to-Rall

- Two comparators in one package

Very low supply current: |- <5 pA

Supply voltage: 1.3t0 5.5V

Rail to rail input/output

No phase inversion with overdriven input signals

Excellent noise rejection
Push-pull output (NCX2220)
Open drain output (NCX2222)

Convenient for use in 3.0V & 5.0V systems

Perfect fit for audio & accessory plug-in detection

Packages

- HXSONS8 (SOT972) 1.3 x 1.7 x 0.5 mm,
0.4 mm pitch

- Micro-Pak (SOT902) 1.6X1.6 X 0.5mm,
0.5mm pitch

Replaces: ON Semi NCS2220A
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l&nmenal 1
Mo anna

ouT1

IHt=

IN1*

VEE

[o

an

Trmrapmnenk o i

IN2-

N2

Yoo

ouT2

N2

s

grminal 1
wlax ares

QLT

1M1=

M1+

— 0T

vee | [4 ] L [ 8] |ves
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Common Comparator Application Circuit

Voltage Level Detection Application

R1=1mQ
How Comparator works;
\ Battery Voltage - Trip Voltage
© * = Vref X ((R1+R2)/R2)
 — Battery
_— Battery NCX2200 Out ”ood Example:
T R1=2m _ Vce= 3V and V ref=1.2V
/ Battery voltage goes below 1.8V the NCX2200
will turn Low
V ref

h
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Common Comparator Application Circuit

312

Voltage Level Detection Application

V+

V18V

Voo

N

visv
NCX2200 Good

VREF

7

NCX2200 can operate with VDD from 1.3V
to 5.5V. V+,,,, should be less than or
equal to the supply voltage.

The reference voltage connected to V-

should be less than V+ ..

V4, is the threshold voltage that needs to
be detected.

From the simultaneous equations:

The user can calculate the values for R1
and R2.

h



Comparator Applications

Battery

Level R1
Detection 1me
O
“— Battery R1
T 2mQ

aF ¥-
Battery
NCX2200 [ Out) o

If Vbat goes below
Vref X (R1+R2)/R2)
the NCX2200 will turn Low

RESET command to MCU

Q VCC+

D1 1mQ

+ MCU

NCX2200

C1=10nF

RESET

RC circuit provides a power up delay.
When Power is ON, the output
comparator is low,

holding the processor in the reset

Audio Line
Plug-in Detection

When audio signal is detected
on D+, the comparator output L
drives the select pin of the e |
switch to route signal from 0
USB to Audio lines

Similar scheme can be used in combination =
with a hook switch: 1) }
» To acknowledge muting of microphone =
« To receive/end phone calls with headset =

NX3L4684
NX3L2267

Portable Headset detection

Vce

NCX2220

Audio system
Hook 3
Hook Switch Detection :
ON/OFF
@ @udio system Headset & Mic Detection
: ON/OFF

Vce

313
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Portab

e Battery Thermal Protection Application

NCX2222 Comparators in thermal protection circuit for Battery charging

? Vbus+
R3 R1 RS
1% 1% 100K
10K 100K R6
+ 270
R2 A/
1% -
19.1K
Py NCX2222
+
hermistor .
R4
1%
1K

IN Output
ouT

SEL

CHG

EN

Battery Charger
or PMU

Battery

T

(-
 —

» Protection battery not to be
charged from OC to 50C

» Low temperature trip point
of +2.5C

» Circuit High temperature trip
point of +47.5C

Value & performance

» Low Power consumption

» Comparator resistor network
is ratiometric

» Variations in Vbus value don't
affect the trip thresholds.

314
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UARTs Value Proposition

Why used?

- Transmits and receives data transfer between processor and communication channel

- Checks communication error and relieves processor from the task of managing communication errors
- Where used?

- Communication channels
- Why NXP UARTS?

- Established committed long-term supplier

- Broad portfolio in the industry

- Number #1 supplier for Industrial UARTS

CPU
Transmitting

- A

CPU
Receiving

AAAAAAAAL

@

. ]
Interrupt Eull Serial /A\ Eull Interrupt
) (RS-232) / \ Y
‘ == 7— Cntr ntr G
v ®
— @ @ ~
Transmitter |t r Receiver E
bty Shift Reg "l « 3 Shift Reg mpty
Transmit UART Receive UART

316
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Commercial 16CxxxB UART Family

Broad line of single to quad channel UARTSs

Widest supply range (2.5V, 3.3V, 5V) at industrial temperature range (-40°C to 85°C) without

price premium

Fastest device on the market with over 20% faster bus cycle times and baud rates up to 5Mbps

Power-down mode

HVQFN and BGA package options

Windows and Linux OS-compatible

Infrared (IrDA) interface

Software readily available

Automatic software and hardware flow control
DMA mode and wide variety of FIFO depths
Drop-in compatibility with existing 16C devices

N
|
I
I

2 I —

Number of Channels

317

SC16C554B

SC16C2550B
SC16C2552B

SC16C550B

16

FIFO Depth (Bytes)

One-stop shopping

Single part can be used for multiple systems and multiple operating environments. Lower
overall cost of ownership — can replace up to four competitor parts.

Compatible with high-speed processors

Ideal for battery-operated systems

Ideal for small, portable systems
Simplifies software development

Enables wireless, short-range applications
Shortens design cycle

Reduces CPU overhead and data loss
Increases system throughput

Alternative source to other manufacturers

________________ SC16C654B
SC16C754B
SCl6C652B @ —————- SC16C752B
SC16C650B
32 64
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SC16C850/852 1.8V — 3.3V UARTS

Dual-channel UART
Intel/Motorola and VLIO interface
Sleep Mode / Low Power mode
up to 5Mbps

128 bytes Tx / Rx FIFOs
Automatic RS485

IrDA version 1.0

Independent UART Tx and Rx
enable/disable

Ultra small: TFBGA

318

(Analog Sensors- Temperature, Humidity, Lights)
#1524 #1526 #1527

2 ’Q)_
Windows-Based PC X10 -] ‘ \ ‘ ° ; To5
= v Ad ‘ 12 more
c i ESPRE | | analog
= ’ _ Sensors.
| \ : : ]
IRk e : !
T i Optional |
T i1l 10 Expander
Y #1220p ! 8 Relay outputs
fonnir ] ———=for sprinklers, HVAC
[ - & security.
External Modem i :
v lEs=egic o o "To 12
#T3F S e
Contact __— =8 B | digital
Switch! W SR sensors.
- p—
Motion " #1221 .
BB PhDoorDbeItl &1 Wz:tgtr)bug
> one Detector
| | [ == [To2e7
= h 4 ~¥——more
e | I RS-485
|75 \ 3‘ ¥l devices.
V= =

e -

#3003 RS-485 #3001 #3050
LCD RS-485 RS-485
Keypad Thermostat Thermostat

SC16C8501BS/Q900

« UART with 16-mode or 68-mode parallel bus interface; -40°C to
+85°C; HVQFN32; AEC-Q100 compliant automotive qualification

\r
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SC16C85xSV 1.8V — 3.3V UARTs

Single- and dual-channel UART
Intel/Motorola and VLIO interface
Sleep Mode / Low Power mode

Programmable Sampling Rates
up to 20Mbps

128 bytes Tx / Rx FIFOs
Automatic RS485
IrDA version 1.0

Independent UART Tx and Rx
enable/disable

Ultra small: TFBGA, HVQFN

319

(Analog Sensors- Temperature, Humidity, Lights)
#1524 #1526 #1527
} 'y | 3 2

: 90
. ' To5
[e]
L bt | ‘ more
R ] analog

Sl $ENSOrs.
Ml

1
| |
44 Optional |
i1l 10 Expander

I
L
L‘

Windows-Based PC

|
T T =

8 Relay outputs

o s ~for sprinklers, HVAC
i <for sprinlers,
~& security.
External Modem .
|- "To 12
#1130 0 o B more
Contact __—— digital
Switch! T sensors.
Motion ™ #1221 -
Sensor Doorbell &
TR >2' 47 Phone Detector
N Y. l» . —YE-"- J more
"751 ‘gl I
3 =
@ 3 =
#3003 RS—485 #3601 #3050
LCD RS-485 RS-485

Keypad Thermostat Thermostat

TFBGA HVQFN
Part Number CH Host Interface Ve

(3.5x3.5) (5x5)
SC16C850SV 1 VLIO 1.8V No v
SC16C8525V 2 VLIO 1.8V v No

h
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Mobile DC/DC Converter Requirements

- Application and requirements
- Today’s mobile devices require multiple levels of power conversion between

the available battery voltage and interface drivers

= Wireless interfaces, e.g NFC, Wifi, Bluetooth require higher drive voltages than
the battery voltage.

= Each application has unique power efficiency and control constraints

- EXisting solutions
- Provide generic DC/DC conversion not optimized for a specific application
- Consume too much active and standby power.
- Can not support high switching frequencies

- NXP DC/DC Converter Solutions:
- Use application optimized process technology to provide the most cost-

321

effective, space efficient DC/DC Converter products

Integrates elements of available power sources such as USB, wireless
charging receivers in the DC/DC Conversion control to deliver

= Optimum efficiency
= Lower cost

USB

))NFC»)

Wireless
charging
transmitter

X
Wireless
charging

= @

€3 Bluetooth

\r
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DC/DC Converter Basics

322

Down- or buck converter

s LT PPLES Y

Up/down- or
buck/boost converter

Switch
on

Switch
on

Diode on

Diode on

V,/Vi=D or V,=DxV,
Vswiteh = Vi T Vdiode

Viiode = Vi

V. /V; = 1/(1- D)
szitch = Vo + Vdiode

Vdiode = Vo

V,/V, = - D /(1- D)
Vawiteh = Vi + Vo + Viiode

Vdiode = Vo + Vi

h
P



DC/DC Boost Converter Basics

D
I L lout

323

O
Cin—T— sw X’ = Cour

Topology
D-1_ Vin(min) X1
VOUt
D: Duty cycle
Vinving: Minimum input voltage
Vour:  Output voltage
n: Efficiency

Vour

|||—O

Continuous current mode

r 3
I Solid

Io Dashed /\ A\ 77777 /\IL

R VAt i s i i s
\
DTsH HD3T5
| gty b |

\ \
e Ts—h

Discontinuous current mode
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PCA941xUK / PCA941xAUK: Boost Converter

324

Features

Step-up DC-DC Converter with 500mA output current

Operating switching frequency of 3.0 MHz

Input voltage from 2.3V to 5.25V

Fixed output voltage of 5.0V (PCA9410A)

Fixed output voltage of 5.25V (PCA9411/9411A)

Fixed output voltage of 5.4V (PCA9412A)

High Efficiency up to 94%

2% VOUT accuracy at nominal and static conditions

3% VOUT accuracy over full current, voltage and temperature range

PCA9410 & PCA9412 supports disconnect mode; Output
disconnected from the input when EN is low

PCA9410A & PCA9412A supports pass-through mode; VOUT equals
VIN when EN is low

Current-mode controller

Soft start function for limiting inrush current with true load disconnect
Reverse current, over-current and over-temperature protection
WLCSP with 0.4 mm pitch

Development boards available now

COMTROL
Lo

WL
MCTEC TSR

[

—_—

Lil'm:l]

SW

—_ Cijax

ViIN

EM

ouT

GHD

GHD

AGHD

PCAS410/9410A

1

2 3

VOouT

VOUT  WIN

> | PGMD

W

swW EM

FGEND  AGMD

A
4
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DC/DC Boost Converter Portfolio

Features:
- V|\: 2.5V t0 5.25V e | SW ouT
- Vour: 5.0V, 5.25V or 5.4V
- Efficiency > 92% — VIN

{
&

- Designed to increase system performance even for very low battery levels == Cilex)

- Vx> Vour Pass-Through Mode operation (A version) EN GND
- Load/Frequency response designed to limit RF noise

- Soft start function for limiting inrush current with true load disconnect
- Reverse current, overcurrent and over-temperature protection

- Small WLCSP9 package, 1.2mm x 1.2mm x 0.6mm

GMND

AGND

PCA9410AUK 2.5-525V 5.00V 500 mA | Disconnect / Pass-Through | 3 MHz
PCA9411UK 25-525V 5.25V 500 mA | Disconnect 3 MHz
PCA9411AUK 2.5-5.25V 5.25V 500 mA | Disconnect / Pass-Through 3 MHz
PCA9412AUK 2.5-5.25V 5.40V 300 mA | Disconnect / Pass-Through 3 MHz

325
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Need for DC/DC Boost in NFC Applications

- Boosting the battery voltage has three benefits for NFC:
1.  Consistent RF signal strength, over any battery charge state

2. Stronger RF signal due to higher TX operating voltage

3. Improved User Experience (ease of use, trust in the technology, convenience)

Velis 4
’_fm_l - |

MFC Boosted
to 4.75Y

$ SuUB
Vo SYSTEM 3

Dc-DE ‘ Moo [
— 1 Boost
Converter ‘ e 4 —
T v NFC J

== BATTERY NFC

MFC Performance
improved and steady
aver time
Battery Voltage
Range 2.3 — 4.3V

¥ Battery voltaze declines
curing use

T ANTENMA 2
W
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RAPID BATTERY
(DIRECT) CHARGER



Direct Charging Solution
AC-DC Travel Adapter _— - Traditional Charging

- 15W Delivery to Mobile Device

Vus = Using traditional SW charging
W ' = Switch-Mode Charger includes buck converter and
PMIC regulation which leads to more losses in the mobile

Multi- Predoced

AVEN W controiier

= ool

g2 TA Coarging

device

= Not efficient for >3A to the battery which is needed for
fast charging

- EZ2E Charging Solution with 6A Direct Charger
- Higher Efficiency 25W Adapter Solution
= Supports DC, USB PD, QC

= Efficiency >91% at peak current during direct
charging mode

AC.DC Travel Adapter

— —— - = Precise voltage (min 5mV) and current (10mA) ramp
4 ol - control
vsn — - Higher Integrated Direct Charger
9V/2.7A EE“; L - - = 6A Charging with lowest RON = 13mQ
™ : : . .
e T = Integrated protection and regulation

= NTC interface for battery and connector
= With the Direct Charger, only the

regulation is done in ‘K
328 the mobile device. A



Programmable Power Supply (PPS) — Overview

- PPS enables sink directed charging using thinner wires, optionally using “divide by two” charge pump converter
- USB-PD Specification Rev. 3.0 V1.1 includes support for PPS. Maximum current on VBUS is 5A.

Source Sink Direcled Charging Sink
ST \ WELE \\l

(Pngar

D+/D- are
Reserved for

Digital Audio
o

PPS Power Rules

o
Lo

PPS Nominal Voltages
- - . 5 9V 15V 20V 5V av 15V 20V
Fixed Nominal Voltage FDF (W) fixed fixed fixed fixed prag prog prog prog
5V Prog 9y Prog 15V Prog 20V Prog x <= 15W POPIS - - . FDPIG . - .
| s
PPS Max Voltage GV 11V 16V 2% | 15<xe=2TW  3A | PDPE - - | pppms | POPE
PIS Min Vollage 2y 3y Iy Iy | 2T<x<=45W  3A a4 | PDRIE FORS! Pﬂﬁqpﬁ‘éF FOPIMS
. | 3Aer
| 45 = x == 100W 38 1A A POP20 POFP/M4 PO/ 52 POP/Z0
|Motas:

1. This PPS PDO is Optienal.
2. The PP3 may offer more than 34 when a B& cable is pressnt,
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Normal PPS Voltage Ranges

Table 10-8 Programmable Power Supply Voltage Ranges

Fixed Nominal Voltage
5V Prog 9V Prog 15V Prog | 20V Prog
Maximum Voltage 5.9V 11V 16V 21V
Minimum Voltage 3V 3V 3V 3V

Sink can request voltages between Minimum and Maximum in 20mV steps and current in 50mA steps
Source advertises Maximum Voltage and Minimum Voltage limits using 100mV per bit

Additional APDQ’s can be used if needed (might be useful for 2S batteries with 2:1...7?)

Select a charger wattage to determine fixed and programmable PDO that are mandatory

PPS must also support fixed voltage PDO’s

Note that a 27W PPS charger that supports 9V Prog must also support 5V Prog PDO:

- A Charger that works with a phone with 2:1 divider must also work with a phone without 2:1 divider
- A phone without 2:1 divider needs 3V charging voltage

- This is why support for 3V minimum is needed

- If PPS interoperation is removed, PD specification becomes irrelevant. Therefore, interoperation is very important.

330
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PCA9420 — yPMIC Key Features

- Micro-PMIC for Kinetis and LPCNext Low-Power
processors, typically used in Wearable/loT applications

« Micro-PMIC

- Optimized efficiency for low current levels (100’s of pA
range)

- Low quiescent current (100’s nA range)

- Includes a battery charger

- Programmable outputs in 25 mV steps.

- Outputs can be enabled/disabled independently

- 20V DC Tolerance on V,, with programmable OVP
- |I°C interface for communications

- Packages: QFN and WLCSP
= WLCSP: 2mm x 1.7mm, 20 balls
= QFN: 3mm x 3mm, 24 pin
= Board area for passives is ~10 mm? (if all outputs are used)

332

PCA9420 Functional Block Diagram

Bias / Timing

Internal Bias

Power on sequence / Timing

Logic Control

Power on/off sequence

Linear Regulator

Linear Battery Charger
VBAT_REG Programmable
3.6V~4.6V, 20mV/step

Regulators

Swi
Core Buck
0.5Vto 1.5V, 1.8V
(25mV/Step)
250mA

SW2
System Buck
1.5v~2.1V, 2.7V~3.3V,

ICHG up to 315mA (25mV/Step)
1°C communication 5mA/step 500mA
MODE Selection LDO1
Always-on LDO
1.7V~1.9V,
(25mV/Step)
a 1mA
Protection
LDO2
Thermal Warning / Protection System LDO
/ NTC 1.5V~2.1V, 2.7V~3.3V,
VIN OVP - (25mV/Step)
UVLO Current limit J50mA
E LoaL _..-.r.n.:- l'-- ":_":I |
o ’:_';"IT .-u-c | ';_'\'_‘:T
[ J:I | ru:\ :':-'.'rs:- ' -'I.-!. i
R N
a
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PCA9420 — yPMIC Key Features

- V,y Over Voltage Protection

- Programmable (5.5V or 6V) with 20V tolerance

- Over Temperature Protection

- Thermal Shutdown at 150 °C
- Battery Charging Safety Features

- Reverse Current protection, triggered when V,, < Vg, + 100mV typical

- Programmable Charge Current Limit

- Vg4 Short circuit protection (0.8V)

- Programmable pre-charge current as % of max charge current
- Thermal Regulation when junction temperature > 125 °C

- Over Current Protection
- Watchdog Timer 16s — 64s, 15% accuracy
- Charger Safety Timer 7hr — 13hr, 15% accuracy

h
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PCA9420 — Functional Block Summary

Linear Battery Charger

Sw1
(Core Buck)

SW2
(System Buck)

3.6V ~ 4.6V 0.5V ~ 1.5V 1.5v~2.1V
V.. - Range (CV Regulation) 2.7V-3.3V
oL 9 0.5% Accuracy @25

°C
Vour Adj. Res. 20mV/step 25mV/step 25mV/step
I Range Up to 315mA Up to 250mA Up to 500mA
O 9 (5mA~10mA/step)
V|y (DC Rating) Up to 20V N/A N/A

VIN

)

Linear Battery Charger (LDO)

:

— Always On LDO

—

Mode

System LDO

Logic

___________________

System DC:DC

334

Core DC:DC

LDO1

1.7v~1.9V

25mV/step

Up to 1mA

N/A

VBAT
LDO_AO
LDO_SYS

LX_SYS
BUCK_SYS

LX_CORE
BUCK_CORE

(AO-LDO) (System LDO)

LDO2

1.5v~2.1V
2.7V-3.3V

25mV/step

Up to 250mA

N/A



PCA9420 — Programmable VSYS Selection

- Programmable through I1°C
- VSYS input source can be programmed to select:
- Either VBAT or Vin, whichever is greater (default setting);
- From VBAT only;
- From VSYS only;
- Disconnect from VBAT or VIN (for testing purpose only).
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PCA9420 — Buckl (Core Buck) Efficiency vs. Load Current

Efficiency vs. I, on PCA9420 BUCK1 (SW1)

90.00%

89.00%
88.00%

87.00%
86.00% "

,|/

85.00%

84.00% > /’
83.00% va
__82.00% —

=X / // //

~— 81.00%
7

£ 50.00% v — ASYS=3.7V, VBUCK1=0.8V
S 79.00%
“ 78.00% —— ASYS=5.0V, VBUCK1=0.8V

77.00% F

76.00% /
75.00% / ASYS=5.0V, VBUCK1=1.0V
74.00%

= ASYS$=3.7V, VBUCK1=1.0V

73.00%

72.00%

71.00%

70.00%

0.10 1.00 10.00 100.00

lout (mA)
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PCA9420 — Buck2 (SYS Buck) Efficiency vs. Load Current

337

Efficiency vs. l5,; on PCA9420 BUCK2 (SW2)

95.00%

o,
94.00% e ASYS=3.7V, VBUCK2=1.8V

93.00%

92.00%

91.00%

Efticiehcy (7o)

90.00%
89.00% /
88.00%

87.00%

86.00%

85.00%
0.10 1.00 10.00 100.00

lout (mA)

Test Condition: VASYS=3.7V, VBUCK2=1.8V, IBUCK2=0mA to 500mA
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PCA9420 — Mode Control

- Mode Pins control fast entry into pre-define power settings

- Two different configurations can be programmed

- Two-pin 4-state operation

MODE1 pin voltage level MODEDO pin voltage level Output Voltage Setting
LOW (0) LOW (0) Setting Group A
LOW (0) HIGH (1) Setting Group B
HIGH (1) LOW (0) Setting Group C
HIGH (1) HIGH (1) Setting Group D

- Single-pin 3-state operation

MODE1 pin voltage level |[MODEDO pin voltage level |Output Voltage Setting
NA LOW (0) Setting Group A
NA HIGH (1) Setting Group B
NA Hi-Z (2) Setting Group C
NA NA NA
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ARM
Sleep

VDD_AO1V8

DD _AO1V8
Domain Wakeup

ARM deepsleep +
PDSLEEPCFG[deeppd] +
VDD1V8 or VDD_AO1V8 VDDCORE off + VDD1V8 off

Domain Wakeup

ARM Deepsleep +
PDSLEEPCFG[deeppd] +
VDDCORE off

Active De):Rsr:le
Any Wakeup P p

Any
interrupt

Chip power configuration defined by:
PDRUNCFG, POR value

| PDRUNCFG, software configured
PDSLEEPCFG, software configured
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PCA9420 — Timing Sequence

- Startup seguence can be in any order
(programmed by MTP)

-Including no-start

- Typical tpywp pLy ni1S 2 MS
» Typical tpwup pLy INTERVAL IS 1 MS

339

O gt Rl A1

e Ryl gl

Caipaal Rasl A3

Chtpaat Rail A4

T1= Trmice_pis mi
T2= Tra n ray mopnes

PRI _EN sen e 1Y

Figg 4. Power-up Power-dosin Seglience
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PCA9420 — Ship Mode

- Ship Mode provides the lowest current consumption
- Entry through 1°C command
- All 1°C reqisters are set to their default
- Exiting Ship Mode
= Falling edge detection at ON pin
= Valid Vin plug-in

Target Current Consumption — Iy (@25 °C)
Ship Mode 125nA

Active Mode with no Load 2.5uA
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PCA9420 with RT600/500

———>{ VBAT_BKUP

—» VIN

r AGND

PMIC

LDO1_OUT

LDO2_OUT

SW2_OUT
2

Always on

1.8v

10, MCU, & system

33v.

% HH

10, MCU, & system

1.8V

L

SW1_ouTt MCU logic
X1 Y Yy 0.7-1.1V
I % VDDIO_1

SCL [« .

SDA € -
VDD_AO1V8
20k to 100k

INTB - >

MODESELO <
MODESEL1 [«
VDD_AO1V8
20kto 1000
SYSRSTn *

341

_L—-P

i.MXRT*

» VDD_AO1V8

VDDIO_1,2,3, and/or 4

USB1_VDD3V3 and other 3V power

»{ VDDIO_1,2,3, and/or 4

VDD1V8 and other 1.8V power

VDDCORE

PMIC_I2C_SCL (VDDIO_1)
PMIC_I2C_SDA (VDDIO_1)

PMIC_IRQN (VDD_AO1V8)
PMIC_MODEO (VDD_AO1V8)

PMIC_MODE1 (VDD_AO1V8)

RESETN (VDD_AO1V8)

LDO_ENABLE (VDD_AO01V8)

(1) Power-up Sequence

(2) Mode Setting
- Mode 0 — Run Mode
- Mode 1 — Deep Sleep
- Mode 2 — Deep Power Down
- Mode 3 — Full Deep Power Down

h
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I.MXRT685 Standard EVK

PCA9420 Feature List

- Suitable for Low-power processors in wearable &
loT applications

- 100nA (typ) Quiescent Current Consumption During
Ship-Mode

- Flexible Mode Setting Capability (via GPIO or I2C)
Accommodating Fast MCU Operation Mode Switch

- Integrated Single-cell Linear Li-ion Battery Charger
(up to 315mA)

- 2x DC/DC, 2x LDO
- Programmable outputs in 25 mV steps
- Output can be enabled/disabled independently
- 20V DC Tolerance on Vin with programmable OVP
« 12C interface for communications
- Packages : QFN and WLCSP
- WLCSP 25-bump, 2.09mm x 2.09mm, 0.4mm pitch
« QFN 3mmx3mm, 24 pin
A 4
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PCA9420 — Key Features Comparison

3.6V — 4.6V 3.6V — 4.65V
Accuracy of 0.5% @ 25 °C Accuracy of 0.5% @ 25 °C
Battery Charger 20 mV/step
315mA (5mA/step — 10mA/step) 300mA
0.5V - 1.5V
SW1 (Core Buck) 25mV/step N/A
250mA
1.5V -21V 1.1V - 3.3V
2.7V - 3.3V
SW?2 (SyStem BUCk) _ 100mV/step
500mA 300mA
1.7V - 1.9V
LDO1 (AO-LDO) 25mV/step N/A
1mA
1.5V -2.1V 0.8V - 3.3V
2.7V - 3.3V
LDO2 (SyStem LDO) _ 100mV/step
250mA 100mA
VIN Voltage Range 20V 20V
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WLCSP 3.4 mm?

BGA 6.25 mm?



PCA9420 — Key Features Comparison

344

Key Function Summary

Package

Battery Charger
Charger CC Current Range
Charger CV Voltage Range

Number of Buck Conveter

Buck Converter

Number of LDO

NTC Sensing

1x Linear Battery Charger
2x DC/DC: 500mA/ 250mA
2x LDO: 250mA/ 1mA

WLCSP (5x5 bump array):

2.09mm x 2.09mm = 4.37sgmm

QFN (24-pin):
3mm x 3mm = 9sgmm

Linear

5mA~315mA, 5mA/step
(I2C programmable)

3.6V~4.6V, 20mV/step
(I2C programmable)

2

Buck #1: 500mA output
1.5~2.1V/2.7~3.3V, 25mV/step
Buck #2: 250mA output
0.5~1.5V/1.8V, 25mV/step
2
LDO #1: 1mA output
1.7~1.9V, 25mV/step
LDO #2: 250mA output
1.5~2.1V/2.7~3.3V, 25mV/step
Yes

PCA9420 Bx2512xA

1x Linear Battery Charger
1x DC/DC: 300mA
1x LDO(Load Switch): 100mA

DSBGA
2.5mm x 2.5mm = 6.25sgmm
6 X 6 Bump Array

Linear

5mA~300mA
(set by external resistor)
3.6V~4.65V, 10mV/step
(I2C programmable)

1

Buck#1: 300mA output
1.1~3.3V, 100mV/step

1

LDO#1: 100mA output
0.8~3.3V, 100mV/step

Yes

h
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WIRELESS POWER



Qi Wireless Charging System Overview

AC
Mains
AC-DC | 5..19V (DC) F;"_’g'a'f |
Converter 10W riage Synchronous
Inverter Rectifier
—’———# S ———
[ —
Mopijtorin
l ————*—— _l
Supply Control " . &
ewmacicrio)| | I 1 ([_)e_)lylgd_ul_ayorﬂ
vl
TX S ASK
Controller i FSK Feedback using backscatter
modulation of power carrier
( PWR Control Loop ]

Direction of
power transfer

h
P
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NXQITXHS5 & NXQI1TXL5: Low-Power Qi Transmitter

- Features:

- Integrates A5, Al1, Al12, & A16 WPC Qi V1.2 analog and digital functions for

5W System Specification
- Average output power up to 6W

- The NXQ1TXL5 is a lower-cost option for applications that do not require
FOD

- Easy FOD Control

- Internal voltage and current measurement circuits

- On-chip analog and digital filters for robust ASK detection
- No external OpAmp, filter, or biasing circuit needed

- Less than 10 external passive components required

- Low cost 32.768kHz external crystal for low power oscillator to achieve
standby current of 15pA (typical); System Standby Power of 20mW (typ)

- DSP wakeup by special device detect function
Operates supply from 3.5V to 5.25V

- Small 5mm x 5mm HVQFN32 package

- Qi Certified
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MNXQ1TXHS Pinning

08 x =00

[ BT E T

e
=] L

o] e

NEOTELE L onoe

) cuor

18] G4OF

s | Do) ooma

o E::I;'[Erf‘ff]'E'YEI::\'LIQDT o
\ HEEEEE e
Applications:
« Wearable Charger
* Mobile Charger
» Applications requiring USB power,
low cost and low standby power

Q-ak0 gz
dp2dd R-

el =]
et S’ Cw

> 8
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NXQ1TXH5/101: New Design with Dual ASK

vDoP
.
1 Dual ASK )
R16
1MO
II] c13 8 S
B1 1l 1 o
1 o et B
- 12 R4 L2) s RI7 InF e SOV R1S
» 1k 152 1k2 100 RO ) KD v 1SN0
il i ne o, R
T T2
. o [ Ton e e S Tha
Feen 2\‘ \‘ned oV M|V 25:16: ::m GND
chonu [
iy Fer
nducks
PCB Top Layer Copper Layout
VoOP 4 (colors are for clarification only)
NTC
12
) LFD_R 8
11
I 280 kD LED G -
1%
BUZZ
R
CNF_IN} ryn
SCG c1
c1a A7 "5 R R0 1 = Gonr
=1nr aoouu[lukn ©kn | 12080 spal. | sav 1PSTESE10
v Wik 1% 1% 1% 3 LGN
(Len) CNF4 6
% (roD_T) CNF3 2 o6 o e
100 F == 100 nF == 82
(FOD_E) CNF2L TSM sav Tso.
(SPR) CNF1) s
c12 |— o
I i XTAL IN| o ‘ T
Gl ==  22pF [ =eioF
92788 H: == 0V 1AL GUI ] —
[ .
33 31 27 22 121 |20 |19 14
w0 5 a o o a >
¢ B8 & a8 g gk
Ol 8| O ©| ©
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NXQ1TXHS5: Measured System Efficiency

350

Tx powervs power load

100.00%4

S0.00%

80.00%

T0.00%

20.00%

50.00%

400008

30.00%5

20.00%5

10.00%

0.00%
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NXQ1TXH5DB1401 Evaluation Board

- Design includes a micro-USB
connector for powering the board with
standard USB charger with rating of
1,500mA or more

- Design includes an A1l Qi Transmitter
coll

- Connection for optional NTC to
measure coll temperature

- Resistors for setting configurations
(FOD, LED mode, SPR/SPL) User Manual: UM10943

' i B iles:  Click H
- Optional buzzer connection oard Layout Files:  Click Here

Reference Documents

Application Note: AN11775

h
P
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http://www.nxp.com/documents/application_note/AN11775.pdf
http://www.nxp.com/documents/user_manual/UM10943.pdf
http://www.nxp.com/board/NXQ1TXA5DB1340.html#documentation

QI System Solution

~\
7

110 KHz - 205 KHz

.)))

ASK
‘llll.l.l.ll...l’ walex
FSK
=J
Qi Transmitter | Qi Receiver

WCT-15W1COILTX: 15W Single Coil TX Ref. Design - WPR1500-LDO: 15W RX Ref. Design with LDO
(Variable Frequency) Architecture
WCT-15WTX1COILFF: Up to 15W Single Coil Fixed TX - WPR-1500-Buck: 15W RX Ref. Design with Buck

Architecture
WPR-1500-LITE
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15W Qi-Compliant Transmitter Block Diagram

1x PCA9440 2x PCA9440
Serves as step-down Serves as full

converter bridge Driver

\_ /
353 I .p
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Introduction to NXP GreenChip

Switch-Mode Power Supply (SMPS) Controller Portfolio

PFC : Secondary

Resonant >90W
TEA171x (TEA1713, TEA1716)

& n . TEA1916

Flyback >75W

TEA175x (TEA1750/51/52/53/TEA1755)
u w (GreenChip I11)

Flyback <75W

g N/A TEA173x (TEA1731/33/38)
TEA183x (TEA1832/33/36)
. TEA1936x (TEA19361/2/3)

Flyback <12W

—

Py
Ty N/A
& — ﬂ 6 TEA1721, TEA1723

e = J (GreenChip SP)

355

TEA1791A
TEA1792A
TEA1795
TEA1892A
TEA1995

TEA1761
TEA1762
TEA1791
TEA1792

TEA1892
TEA1993
TEA1999

N/A

Parallel Supply
TEA173x

Active X-cap
Discharge
TEA1708

Standby Control
TEA1703

Active X-cap
Discharge
TEA1708

Integrated in
Primary IC

h
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Introduction to NXP GreenChip

Power Range Selection Guide

305V

Input Voltage
=
o)
o
<

200W S00W

11W  75W
Output Wattage

Smart C_harglng Resonaqt (LLC) Auxiliary Components
Solutions Solutions
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Introduction to NXP GreenChip

SMPS Topologies | AC/DC (offline)
- Flyback quology. ‘ Pover Factor .‘
- Excellent input voltage range and decent ~=
efficiency DL
- Power Factor Correction (PFC) circuit E
required for high wattage (>70W) power JEE‘ Jg}
supplies
- Fewer components (1 MOSFET in Primary, ’
1 Diode in Secondary) - -
- Resonant Half-Bridge Topology: e— A o) |

- Improved performance and efficiency
- Optimized for 100W to 300W QOutput Power
- Requires a different PFC for >300W

- More switches (2 MOSFET's in Primary, 2
Diodes in Secondary)

h
P
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Introduction to NXP GreenChip

Power Factor Correction (PFC)

Vrect. = VBqu
N
>
o
- |8
-
T <
D
—
D
=
Vac

Vout

Vac

VI'ECt.

JOUBAUOD pyZ

Vout

SVARA
\/

-Reduce mains RMS current by a sine-wave shaped input current

-Reduce mains harmonic currents (MHR)
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Introduction to NXP GreenChip

Power Factor Correction (PFC)

IA\ IA\ /A\

/ \ / \ / \

1 AN AN \
. . 1 \/ \/ \
Vin Vdrain Vbus - v v A

/\ /\ \ | coi | biobe
Vac Vin

> > Vbus

\V SRR
| Voran o

MOSFE (@)

Tl = | S

T 2 Vout

D

t o

D

=

Vac
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Key Products & Applications (1 of 6)

Flyback Solutions with Integrated MOSFET for <15W Applications

- TEA172x (1721, 1723) Flyback Controllers for
Compact (<1.5 inch3) Cost-Effective Chargers

- Primary sensing eliminates opto-coupler and reduces
total BoM cost

- Low no-load standby <20mW @ 10W

- High efficiency >82% on average

- Integrated HV start-up current source

- Small output capacitors save cost and PCB footprint
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TEAL1721/TEA1723: Key Feature Set

361

Key Differentiators

Enables low no-load power consumption below 10mW
Low component count for cost-effective system design
Advanced control modes creating high efficiency

SO-7 package:
» Low cost due to high volume production
+ Small package enabling compact designs

y = - = HV spacer included

Key features

SMPS controller with integrated power switch up to 11W
700V high voltage MOSFET for universal mains operation
Primary sensed control eliminates opto-coupler

Variable switching frequency up to 51.5kHz

Avoids audible noise in all operation modes (min. fsw>22kHz)
Compensation of cable impedance included

Jitter function for reduced EMI

USB Battery Charging (CC/CV) and Energy Star 2.0 compliant

Customer Collateral

* Housed in a SO7 package with high voltage spacing

* RoHS and Halogen free compliant package

* Available Demo and Promotion Material:
- Charger demo boards with <10mW no-load power
- White Goods and Metering/Industrial demo boards
- Datasheets and Application Notes
- Online Calculation Tools

Protections

+ Safe restart mode for system fault conditions

» Over voltage protection (OVP) with auto-restart function
» Under voltage lockout (UVLO) and clamp protection

» Over temperature protection (OTP)

» Soft start by reduced peak current for zero & low Vout

» Demagnetization protection for guaranteed DCM mode

* Open and short-circuit protection of the FB pin
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TEA1721/TEA1723: Application Diagram

Jz ) —
DMa
Ji1 )
Dl
2
A

362

Integrated 700V MOSFET with low Rps.oy

L1

\

Primary Side Sensing
Eliminates Opto-Coupler

I

TEATTZIAT

-
(22

MR

| S—

GMD2

R3

FE

BSN

SRC

J2I

P

Tm

— 1—
Rl
Db L el
T 2T
Did
R2
— __—%
#—rﬁm

L2

Integrated Active HV Start-up

Eliminates Resistor Bleeder Circuitry

BOM Count: <30 Components

No Y-cap Needed
to Meet EMI Spec.
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TEA172x — Target Applications

Mobile Communication .

Major Home Appliances .

Computing & Consumer

Industrial & Residential .

363

Mobile Phone Chargers
Smart Phone Chargers
Tablet Chargers

Washing Machines & Dryers
Refrigerators & Freezers
Dish washers

Induction Cookers

Room Air Conditioners

E-readers

Portable Audio/Video
Set-Top Boxes

PC Peripherals

Smart Metering
(Smart) Lighting

Home & Building Automation =

HVAC

Industrial Automation & Contrc




Key Products & Applications (2 of 6)

Flyback Solutions with External MOSFET for <75W Applications

- TEA173x (1731, 1732, 1733, 1738)
Fixed Frequency Flyback Controllers

- High efficiency ~ 90%

- Very low supply currents during start-up
and normal operation

- Frequency reduction at low power
operation to maintain high efficiency

- Enables low no-load power consumption
= Less than 100mW typically

= Less than 40mW is possible in
combination with NXP’s Standby
Controller (TEA1703)

- Operates under overpower situations
for an adjustable limited time (OPP)

364

neW!

new!

- TEA183x (1832, 1833, 1836) Primary

Controllers

- Enables < 30mW NLP dissipation with
output high (output in full regulation)

- Auto burst-mode prevents audible noise
and enables high efficiency at low loads

- Integrated active X-cap discharge &
Brown out protection

- TEA1836 + TEA1892 efficiency exceeds
93% allowing the components inside to
be well within thermal limits despite the
small form factor.

- TEA1892 Secondary Controller and

Synchronous Rectifier

- Enables the use of low Rdson MOSFET
with the TEA1836 DCM Controller

h
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TEA1832(L) / 1833(L): Fixed Frequency Flyback Controller

SMPS Controller IC enabling high-performance, low-cost « Differences between TEA1833 and TEA1832

applications v Higher efficiency at 25% load because of

Wide VCC range up to ~40V, Lowered UVLO ~11V (allowing reduced switching frequency
using a smaller VCC cap)

Pn < 55mW @ no load

Delivers 200% Peak Power (Supporting Intel processor
series)

v' Improved slope compensation
v Maximum frequency limitation at high mains

CTRL

Very low supply current during start-up and restart (typically e
~1OMA) DRIV%

Low supply current during normal operation (typically
0.58mA, without load)

Fmax = 130kHz (peak power performance) with Peak Current , .
run-away protection TEA1832TS: Safe restart protection

TEA1832LTS: . Latched protection version
Burst mode by VCC _rescure (keeps VCC above UVLO
during load change, allowing lower value VCC capacitor) ' TEA1833TS:  Safe restart protection

TEA1833LTS:. Latched protectionversion

Increased maximum duty cycle of ~89%
Soft start integrated (~3.5msec)
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TEA1832(L) / 1833(L): Fixed Frequency Flyback Controller

Extensive Protections

Brown-in and brown-out function via pin PROTECT
— Switching VBUS to pin PROTECT low every msec for measurement
— Brown-out is triggered when an internal counter reaches 9 (32ms)

Adjustable high/low line compensation
— Bulk capacitor voltage is measured via pin PROTECT
— Offset generated via pin ISENSE

Accurate OVP via pin ISENSE
— Peak current measurement during primary stroke
— OVP measured during secondary stroke

Integrated OVP on VCC (Count: 4 times)

Integrated over-power or high/low line compensation (NXP patented)
Low and adjustable OCP trip level

Protection input (e.qg. for external OTP and/or OVP)

IC internal OTP

Maximum duty cycle protection (count: 8 times)
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+19.5V/3.34A

U1l
TEA1832
Hewme (SO8) enof?

7
ooooooooo
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TEA1832(L): Versions

367

Function TEA1832TS TEA1832LTS TEA1832CTS
TEA1833TS TEA1833LTS (All safe restart)

(Safe Restart) (Latched) * Considered part

OVP (via ISENSE & VCC) Restart
External OTP Restart
Internal OTP Latch

Max duty cycle Restart

1Slow restart = 3 cycles discharge/charge VCC capacitor




Measurement Results from 45W TEA1832TS / LTS Board

High load efficiency

Measured directly at PCB, see UM10862 section 4.1.1 for how to calculate efficiency at end of cable

No-load power measurements

Condition Efficiency at specified load
10 % 25% 50 % 75 % 100 % 4 point
45W 11.25 W 225W 33.75 W 45 W average
115V (AC);60Hz  88.74 90.24 90.70 90.01 89.23 90.05
230V (AC); 50 Hz  87.52 88.64 90.33 90.65 90.46 90.02
Low load efficiency
Measured directly at PCB
Condition Efficiency at specified load
01 W 0.2wW 05W 1w 2W
022 % 0.44 % 111 % 2.22% 4.44 %
115V (AC);60 Hz 69.36 78.35 85.65 87.77 88.89
230V (AC); 50 Hz  56.52 69.12 80.34 84.02 86.02

Efficiency standards

Standard 10% load
COC 2014 78.43 %
COC 2016 78.85 %
DoE 2008 -

DoE 2016 -

Energy Star 2.0 -

4 point average (25, 50, 75 and 100 %)

88.43 %
88.85 %
84.26 %
87.73 %
86.03 %
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Input condition
90 V (AC); 60Hz
115V (AC); 60Hz
230 V (AC); 50Hz
264 V (AC); 50Hz

No-load power requirements

Standard No-load power
COC 2014 150 mW

COocC 2016 75 mwW

DoE 2008 300 mW

DoE 2016 100 mW
Energy Star 2.0 300 mW

No load power
24.8 mW
27.4 mW
48.8 mW

58.7 mW



Measurement Results from 45W TEA1833TS /LTS Board
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Input condition
90 V (ac) / 60 Hz
115 V (ac) / 60 Hz
230 V (ac) / 50 Hz
264 V (ac)/ 50 Hz

Input condition

115 V (ac) / 60 Hz
230 V (ac) / 50 Hz

Input condition

115V {ac) / 60 Hz
230V (ac) / 50 Hz

No-load power
257 mwW
28.5 mW
51.3 mW
62.0 mW

25 %,
11.25W

90.61 %
80.61 %
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o | GND SENSE : L see
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Efficiency at specified load

50 %,
225W

90.36 %
80.57 %

75 %,
33.70W

90.01 %
80.70 %

Efficiency at specified load

0.2W, 0.44 %
78.44 %
70.21 %

86.00 %
81.31%

0.5W; 1.11%

1TW, 2.22 %
BB.30 %
B4.93 %

2 W, 4.44 %
B5.48 %
BB.91 %

v

F

4-point
average

90.05 %
90.63 %

TEA1833 Demo

Board



TEA1836(L): Primary-Side QR Flyback Controller

. . vee! 14| MV vee [ e 0] HV
- Quasi Resonant controller with NXP e A oMol T proTeCT
1 1 H ne 7] [z ne DRIVER| 3 6 |CTRL
patented true valley switching for high o - i poon. = o
efficiency ] e _ 1
. - . ISENSE [ (=] Aux LL A K R HV
- <30mW no-load standby power dissipation wr ne ol 0
with output in full regulation o b
- High Voltage startup current source | Pin configuration SO8

- Integrated active X-cap discharge & Brown
out protection

- Powerdown function, lowering no-load power
to <20mW or even lower

- Peak power capability up to 150% (new) and

integrated OP timer - Ifq——
- Integrated mains independent OPP, Demag N

protection, accurate OVP & OTP & =t
- Robust MOSFET driver stage, driver - '-

maximum on-time protection
- Nemko and UL certified

h
P
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TEA1892(A): Secondary Side Controller

Pin description
Symbol Pin Description

Strong dr|Ve Capablllty sk = e SRSENSE | synchronous tming input
High driver-output voltage (10 V), for compatibility with NXP we =] TEA | bl £ amok
H 1892 Voo 8 supply voliage
SemlcondUCtOI‘S and a” Othel‘ MOSFETS s = [ ~rrs SELREG 4 selsction inpu: for driver regulation lavel
Pin conhguraban T50P6 nc 5 not connestad
Discrimination between primary stroke and ringing at low DRIVER & driver oulpul for S8 MOSFET
mains
. IR___H_ .
Wide VCC range (8.5V to 38V) E B 1
Low current consumption - [ [ e

High-side drive possible (EMI friendly) J’j& T TEA1892 1

The TEA1892(A) enables the use of low Rdson MOSFET’s
* Aclear efficiency improvement can be seen of 1% - 2% at low
loads for e.g. a 90W adapter

Application diagram high side rectification

Small TSOP6 package I ey T
The difference between the TEA1892 and miiven| [k Rl oee|TEALBO2| T
the TEA1892A is only the “minimum

synchronous rectification active time”,
the t

Application dlagram low side rectification

o

act(sr)(min)

371




TEA1791/1792(A)/N1 versus TEA1892(A)/N1

372

Parameter TEA1791 TEA1791A TEA1792 TEA1792A TEA1892 TEA1892A

Package SO8 SO8 TSOP6/S0O8 § TSOP6 /SO8 TSOP6 TSOP6
Single Mosfet | Single Mosfet | Single Mosfet | Single Mosfet § Single Mosfet | Single Mosfet

Mosfet drive drive drive drive drive drive drive

Minimum synchronous Short: 2usec Short: 0.93usecfShort: 1.8usec jShort: 0.75usec

rectification active time Long: 2.2usec JLong: 0.99usec jLong: 2.1usec fLong: 0.95usec §1.5usec 0.8usec

Driver output disabled at

short secondary

conducting times (low

load) v v v v Not disabled Not disabled

Driver activation voltage -310mv -310mV -220mV -220mvV -220mV -220mv

Driver regulation voltage -55mvV -55mvV -30mV / -42mV §-30mV / -42mV §-30mV / -42mV §-30mV / -42mV

Driver deactivation voltage -12mvV -12mVvV -12mvV -12mvV -12mv -12mvV

Driver activation delay time 125nsec 125nsec 75nsec 75nsec 75nsec 75nsec

Driver source current -250mA -250mA -400mA -400mA -400mA -400mA

Driver sink current 2.7A 2.7A 2.7A 2.7A 2.7A 2.7A

h
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TEA1836 + TEA1892: 45W “"CoolCube” Adapter

Efficiency Resul'te

Efficiency as function of the load @115Vac & 230Vac
%
£
. —_— —— ]
E #9
ar
i1
i — 11 5Vac
il — 23 ac
[E]
7
No-Load Standby Power with Output High! ’5
~26mW @ 230Vac 73
No-Load Standby Power with Power Supply in Full n — - - -
Regulation Load parcantage (%)
~21mW @ 115Vac -
Cool Cube 45W |
;‘ 40
i 115Vac, 60Hz
. Load (% of full load) 100 75 50 25.00 10.00 Average efficiency
- Efficiency (%) 92.61 | 9333 | 9324 | 9277 92.24 92.99

25

230Vac, 50Hz
Load (% of full load) 100 75 50 25 10 Average efficiency
<1 Efficiency (%) 93.85 | 9371 | 93.45 | 9274 90.82 93.44
s o4 20 d 30700

o 115 2w

26
Ymains (Vac) |
|

373
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TEA1836+TEA1892: Thermal Result from 45W Adapter

374

Vmains=115Vac, Tambient=26.9°C

Casing temperature @ TO (cold start)

£
]
3
c
&
X
o
2
o
3

Vmains=115Vac, Tambient=26.9°C

Casing temperature @ T2 (TO + 1hr)

D

T1 T2 T3
Time interval (each increases 30 minutes)

T4

= 40

Vmains=115Vac, Tambient=26.9°C

Casing temperature @ T4 (TO + 2hrs)

Adapter
casing
temperature

(*c)

gp = Laptop battery level {3

20— lemperature Bottom (<)

10

8]

side casing

h
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Target Applications for 15W — 45W

Tablets & Computing

Home Appliance

Consumer

Industrial & Residential

375

Smart Phone Chargers
Tablet & eReader
Chargers

E-Readers

Washing Machines & Dryers
Refrigerators & Freezers
Dish Washers

Vacuum Cleaners

Induction Cookers

Room Air Conditioners

Set-top Boxes

PC Peripherals
Digital Camera &
Camcorders
Gaming Consoles

Smart Metering

(Smart) Lighting

Home & Building Automation
HVAC

Industrial Automation & Control




Target Applications for 45W — 75W

e Ultrabooks

Computing - Laptops
 All-in-one PC

. Printers

Computing Peripheral - Cable Modems
* Gateways & Routers

* Set-top Boxes

« DVD & BluRay Players
* Portable Media Players
*  Gaming Consoles

Consumer

. IP Video Surveillance Cameras
. Power Tools

Medical & Industrial - PoE
* Industrial Chargers/Adapters

* Medical Chargers Adapters

PR




Key Products & Applications (3 of 6)

DCM Flyback + PFC Solutions for >75W Applications

new!

AC/DC (offline)
- TEA1755 DCM Flyback Controller with Integrated PFC s TaCkE . )‘
- Integrates Power Factor Correction (PFC) and Flyback controller
- On-chip HV startup current source S & W ﬁq

- QR operation at higher power levels; QR & valley skipping at
medium power levels; highly efficient, audible noise-free burst JEE‘ J%

mode at low power operation

- Dual Boost PFC with accurate maximum output voltage

- Enables no-load power consumption <100mW (<30mW with
TEA1703)

- TEAL179x (1791, 1792) Secondary Controller and
Synchronous Rectifier

- SR with integrated feedback for output voltage and
current regulation

= TEA1791T SR with high-side MOSFET drive
= TEA1792T Lower driver activation and reg. voltages

h
P
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TEA1755: PFC + Flyback Combo Controller

PFC + Flyback combo controller for compact size
Notebook adapter >75W

A typical configuration of the TEA1755

Higher efficiency at low loads (e.g. Pin<400mW & '”1|m | L
@ POUt :250mW) L@%m [ e i | "“""‘”|1| ;"’ . :|—‘_._._‘T?Lu'u
Significant reduction in audible noise thanks to i 5 [
new burst mode | b= i Sl
New accurate and predictable PFC ON/OFF o e T L g
control to reduce production spread and support b 3k e | e
easy calculation for customers J U=t I F

e —I - aEHATER
Low no-load standby power

v <100mW without additional sec. side controller
v' <30mW using TEA1703 standby controller

h
P
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TEA1755. No-Load Power & Efficiency Results
Result for 90W GreenChip Solution (TEA1755L+TEA1792+TEA1703)

Power consumption: no-load

Condition EMERGY STAR 2.0 Mo-load power consumption (mVW)

requirement {mW)

Configuration A Configuration B
90V, 60 Hz =300 mvy 4 a9
100V 50 Hz =300 mvy 5 70
115V, BO Hz =300 mW B T2
230V, 50 Hz =300 mw 21 =
264 V; 50 Hz =300 mw 27 112 There are two versions of this demo board:
' [1 APBADCO068(A)-with TEA1703TS
[0 APBADCO068(B)-without TEA1703TS

Efficiency results Also See UM10514
Condition EMERGY STAR 2.0 Efficiency (%)

Efficiency

requirement (%) Average 100% 75% 50%  25% S00mwW  250mW  100mwW

load load load load laad load load

g0, 60 Hz =BT a0.5 8987 9074 9079 9063 81.41 72499 a4.61
100, 50 Hz =87 a0 9041 9114 9111 89084 8148 7288 5413
115V, 60 Hz =87 914 90.98 9160 9147 9153 &1.29 7244 53.34
230V, 50 Hz =87 1.1 91.72 9137 9001 9133 771 G6.12 4527
284, 50 Hz =87 1.0 9192 9153 89498 9076 7527 B3.71 4278
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Target Applications for 75W — 120W

380

Computing

BIS{EVE

Medical & Industrial

» Desktop and AIO PC

» Servers

» Notebook Adapters

» Networking Equipment

» Ultra-HD 4K/8K TV
» Flat Panel TV
» LCD Monitors

» Gaming Consoles

» Hospital Equipment
» Factory Equipment




Key Products & Applications (4 of 6)

Resonant Controller for >90W Applications

\@ TEA1716 Primary Controller with PFC

TEA1916 Primary Controller with PFC

* Resonant topology, TEA1716 integrates
the HBC & PFC in one package

* Small form factor, high efficiency >90%

* Capacitive mode protection thus highly
robust

* Adaptive non-overlap timing control

* On-chip high voltage startup source

* Fully integrated burst mode circuitry;
low no-load power consumption (EuP
lot6 compliancy)

TEA1795 Secondary Controller & SR
\@ TEA1995 Secondary Controller & SR
Low-side SR with double MOSFET drive
* TEA1995 operates with 5V supply
* TEA1995 has improved off-time with
driver deactivation delay time

381

<€ AC/DC {offiine)

Power Factor

b Correction "
S
B- 1%

=

Efficiency Improvement Using Synchronous Rectifier
With No

AC Input Load SynchRec With SynchRec
25% 86.7% 87.5%

(<'E) 50% 90.2% 91.7%

g 75% 90.9% 92.6%
100% 91.0% 92.9%

25% 87.3% 88.0%

(<'E) 50% 91.2% 92.7%

% 75% 92.1% 93.8%
100% 92.4% 94.2%
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TEAL1/716: Key Feature Set

382

Key Differentiators

* PFC + Resonant/LLC combo controller up to 500W
* EUP lot6é compliant (Standby: P,y <0.5W @ P =0.25W)
« Adaptive non-overlap and capacitive mode protection

Key features

» On-chip high-voltage start-up source

» Stand-alone operation or from external DC supply

+ Extended wide supply voltage range (up to 36V)

* Boundary Condition Mode operation with on-time control
» Valley/zero voltage switching for min. switching losses
* Frequency limitation to reduce switching losses

» PFC Burst mode switching with soft-start and soft-stop
« Adaptive non-overlap timing (cycle-by-cycle)

* Integrated Burst mode to reduce low-load consumption
» Integrated high-voltage level shifter

* Adjustable min and max frequency (up to 500kHz)

A\

First EuP Lot6

compliant Resonant
: . PFC+LLC combo
Applications

1 g
Q| | poms =
H T/

Combo PFC+HBC }
TEA1716 SR _ L
Protections

» Safe restart mode for system fault conditions

» General latched protection input for output over-voltage protection or external
temperature protection.

* Over-temperature protection (OTP)

+ Soft (re)start for both converters

* Protection timer for time-out and restart

» Under-voltage protection for Mains, Boost and IC supply

* Over-current regulation/protection for both converters (OCP)
» Accurate over-voltage protection for boost voltage (OVP)

» Capacitive mode protection (cycle-by-cycle)

IAL

E;'IJ
. mvw‘
|]_
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TEA1716: 90W Demo Board

PFC part

Eﬁ
D3
Li
ark M
— N —
Q2
[]m SUPHY
|
o7 SNSBOOST GATEHS \'-
D4
SUPREG ﬂ—‘
R8 T
SUPHS it i
[ c8 ciz
TEA1716 : °
Ji. DI (
R e L C
=ci Jzz
— SNSAUXPFG GATELS G o b7 ~
o
R1 Q3 L
c1 R7 T ci6
= Ly SNSCURHBC —
Ml g
1 GATEPFC DS {J21
al / R4 SUPIC K o
R2 R9 — RIS D8
SNSCURPFC SNSOUT :H—K
Jid ) - RI8
e SNSFB ]— — R14 o D8
RI3 B 3
SNSBURST cl4
1 Ic2
COMPPFC S
e
RGPROT SSHEG/EN | T E R20
PGND SGND o

& T []mz B
cit [l]ms

HBC part

383 ‘



TEA1716: 90W Demo Board

Efficiency Results

384

Efficiency TEA1716

1
o5 —
I =
=0 -F'#_'_'_'__,_,-— 1
—yimans = 230
z ¥ —\imains = 100V EuP lot6 compliant
Pl 1 :
: [>94% @ full load 80
g4 7o 75 |
o < 70 |
&
> 65 |
2 60 |
Q
45 ..“-: 50 |
“ _ w 45
o 12 =0 2a ¥ L4 [0 o an an 40
=3
cur il 0.00 0.25 0.50 0.75 1.00
. Pout [W]
Condition Energy star 2.0 Efficiency (%)
efficiency g g
requirement (%) Average 25%locad 50%load 75% load 100%
100 v, 60 Hz =87 908 882 914 919 919
230V, 50 Hz =87 925 90.9 921 929 941
Condition Quiput power Quiput voltage Fower consumption
(mW) vl (m¥v)
100, 60 Hz 250 mW 105 305
230V, 50 Hz 250 mW 10.5 415




TEA1916: Primary-Side PFC + LLC Controller

Space-saving Two-Chip Combo
- TEA19161: LLC Controller < s
- TEA19162: PFC Controller aily')

Different conversion modes over the load range ensure highest T
possible efficiency (High Power, Low Power, & Burst Mode)

=Z
—f—

—
|
"

Low no-load power (<75mW) 'S e L
Reduces BOM cost as auxiliary supply can be eliminated S

Meets EuP lot6easily

[ e -‘"_—”: [
- Little Burst Mode spread / ' "L

. Ease of design by settings Functionality split-up in two packages %
for cost reasons and size reasons
(PCB area used)

Fast load-step response

Boost voltage compensated operation Functional the TEA1916 is a one-package combo
Adaptive non-overlap switching LLC (like e.g. TEA1716 or TEA175%)

- Integrated active X-cap discharge

- Extensive protection (OVP, OCP, OPP, SWP, UVP, OTP)

Dual package but one functional combo!

h
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TEA1916 Package

386

SO8 + SO16 “2-chip” combo

Digital communication between
the TEA19161 and TEA19162
ensures true combo operation

S024 combo



TEA1995: Secondary-Side SR Controller

V&

. Adaptive gate driver el o |
- No-load supply current <200uA S o [

- Wide supply voltage range from 4.5V to 40V

- Switching frequency up to 500kHz

« NO minimum on-time

« NO reverse current

- Adaptive gate drive for fast turn-off at end of

conduction i
- SO8 package
Qprim1
PRsnl\nDAERY _ ChB F;R':
GDB 1] B GDA CONTROLLER Qprim2 ! é'
1 137
2 7 ‘+E§ el ke
GND  [2] | pq005 |2 VEC 1 : ‘ :
psB  [3] 6] DSA ] ELL
SSB [4] [5] SSA
Qsect ic1_|Vee
:” DSA DSB
| GDA! TEA1995T [SRE
SSA| SSB
IGND
387
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TEA19162+TEA19161+TEA1995: Application Circuit

s 2 i
B> ) i
Ll a TF 1 I 0 .
8 s T | O = | & ¢ ks
' s W a| ¢| 3| 3¢
- ’:g L
[] - = GATEPFC | |  |supHs 1
SSSSSSSSS GATEHS ': =-S5
PFC
SNSMANE  tEat9162 T : | Bt
SO8 | | SR
SNSBOOST = nec l : . || TEA1995 1
|
/?/ 2‘ T J_ Q SNSBOOST Lo EI i : i P
&-- ﬁ HBC LLC : i Jl
TEA19161 e
I = S016 SNSCAP T_L D
T g ¥
SNSSET SNSCUR i D m
Q SNSOUT =
SNS 3 |

J:ND ;12'-52
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90W Slim Size Adapter Demo Board
TEA19162+TEA19161+TEA1995 (PFC+LLC+SR) Notebook Slim Design

}-(:‘:1 83.5mm ::}l
| : o1 ':r_;./_{

389
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90W Slim Size Adapter Demo Board
Measurement Results with VOUT=19.5V

Average efficiency @ PCB board end:

| | 25% (1.15A) | 50% (2.3A) | 75% (3.46A) [100% (4.62A)| Average |

115Vac 88.58 93.73 91.98%
230Vac 88.75 93.05 94.38 94.92 92.78%

90Vac/47Hz 100% load Efficiency = 92.90% @ PCB board end.

Average efficiency @ cable end (1.8M/18AWG):

|| 25% (1.15A) | 50%(2.3A) | 75% (3.46A) | 100% (4.62A)
115Vac 88.03 91.46 91.92 91.88 90.82%
230Vac 88.23 92.17 92.99 93.08 91.62%

90Vac/47Hz 100% load Efficiency = 91.06% @ cable end.

No Load Stand-by Power & Low-Load Efficienc |

OW (Pi<0.15W)
115Vac
230Vac

0.25W (Eff.>50%)
115Vac 52.5%

230Vac 52.61%

390
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TEA19161 (LLC) Efficiency Result

Power Consumption Measurement for Different Ripple Settings

391

Efficiency
results of
TEA1916 LLC
with SNSSET
resistor of
68kOhm

Efficiency

Efficiency [%]

LLC only

Efficiency as function of output power

T

——

N

N Efficiency results of TEA1916 LLC with
SNSSET resistor of 130kOhm

—TEA19161, SNSSET R1=68k

—TEA19161, SNSSET R1=130k

Pout [W]

——TEA1916 @ 375V

" TEA1716 @ 375V
(LLC part only)

—
Pout (W}

R4



Target Applications for >100W

Desktop and AIO PC
Servers

Notebook Adapters
Networking Equipme

Computing

« Ultra-HD 4K/8K TV
. Flat Panel TV
« LCD Monitors

Displays
* Gaming Consoles

* Hospital Equipment
*  Factory Equipment

392 }K

Medical & Industrial




Key Products & Applications (5 of 6)

Auxiliary Components

- TEA1708 X-cap Discharge Solution

- Automatically discharges the X capacitor when input voltage
Is switched off

- High voltage zener diode (500V) to protect against mains
surges

- Withstands >6kV surges

- Adjustable AC removal detection time (one external low
voltage capacitor)

- Supply current of 4pA (~1mW @230VAC)
- Discharge current internally limited to 2.3mA

R1 E]
200k

Hv2 TMR1
—L] i
AC i NC': *\ | ‘ﬁ. ( :;\c _| 22nF Apglication
—ﬁ(-capacﬂor ne | ? TMR2 5 gg}?
O *, m
HV'1 l ‘0'# NC I
0 soaP

@ ]
200k

393

- TEA1703 Standby Controller

- Low power standby controller for use in applications with
low no-load standby power

- Monitors the output voltage and power and enables the
optocoupler to driven with high peak current while

keeping the power low

- Typical current consumption <30uA; Power consumption

<0.5mwW

1

N/ == opto controller

N

W

1

Vout

T

VSENSE

1

PSENSE

o

SWDET

1

3 1
5 2

TEA1703TS

VCC

opto on/off

lA

/=

GND

OPTO

h
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TEA1708. X-cap Discharge Solution

Block Diagram

394

R1
200k
HV2 TMR1
(| [
AC NC "If‘ J NC 29NnE Application
— C oTE T
/\/ X-capacitor NC TMR2
C VI h T
HV1 ‘Plf‘ NC
(| [ ]
SO8
R2
200k

* High voltage zener diode (500V) to protect against mains surges
— Withstands >6kV surges with R1=R2=200kQ easily
* Adjustable AC removal detection time (one external low voltage capacitor)
* Supply current of 4pA (~1mW @230VAC)
* Discharge current internally limited to 2.3mA

h
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TEA1708: X-cap Discharge Solution

Customer Benefits

- ~1mW power consumption

- Very Robust on surge tests (>6 kV). No
additional MOV needed to protect the X-cap
discharge (integrated) circuit (TEA1708 IC)

- No HV diodes needed
- Nemko certified

395

@mkn

MNEP Semuconductors in, WrE-0 08
Geershary 7
34 AF hijmegen Chrr gt Ol Aforron dasiima
hetherlands ke Mo J4540

J. Fowr v Garwiee Flmor

Statement of Conformity

Hemhko A5 herby confirms that the product mentioned below complies with the
standards listed.

Praduct: I ncluding capacior dechange: function (10X

Model(s): TEATTIETM™A

Trade mark: GresnChip

Ratings: 85235 AC, 47-83Hz, OverdRage Category 1)

Standard: ICT 30950 12005 (Secod Cdition) + Aum 12008 wills TTL Decision, DEH 1000

Eect mgands,

Seno Engnesr

Frofecs Responshbs, Sadshy Laboraiony

Hembo 45 Gastadaléen 30, 0814 Oslo Horeay
TEL w47 X BSOS 05

vem ol BO9 Sl

Fax  +dT 22050550
E= LETTR HETEE L T R Traka i
( Nemko

Namb: Covep
oyt fuscnadiéen 33 A0 Ran % Rlnaba 3140 e
T TR I e T T O s Sadbhcomerhon nor

1
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TEA1708: Demo Boards Measurement Results

Mains disconnect test with 10nF timer capacitor, 470nF X-cap, VAC=230V

WMDGAA, 201300 A0 1 2018 Pl L 1B VOMCGRAN. a0 ST6 A 175745 Feamed L I
b T SFUMRS o

Shopimed L 5 L

112
ATW)

1 211 It1i1" i |z—' | Tlr t
o fiier Wi o H
X-capacitor value R-discharge (R1+R2) T-discharge (135V) T-discharge (60V)

470nF 400kQ 210ms 420ms
1000nF 400kQ 420ms 870ms
2000nF 400kQ 810ms 1700ms
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Key Products & Applications (6 of 6)

TEA1936x DCM Flyback Controller TEA1993 Secondary Controller and SR

* Flyback QR Controller with true valley switching * Adaptive gate driver for maximum efficiency

* Adaptive dual-supply for highest efficiency * Supply current in “no load” operation <250uA

* Active Xcap discharge integrated * Self-supporting for high-side rectification without the use of

* High efficiency at low loads an auxiliary winding

* No load stand by power dissipation < 30mW * Operates with standard logic level SR MOSFETSs

* Low ripple £1% at any output voltage * Optimized for fast charger applications, like USB BC 1.2,

* Switching frequency up to 140kHz (QR with true valley USB-PD, QC2.0/3.0 and any other proprietary protocol
switching) application

h
P
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Smart AC-DC Power Product Portfolio

7 I e e ) I

AIGIETE TEA1936x
Controller
TEA1993
Sync Rec
Controller
TEA1999
Product Operating

Mode

TEA19361T QR/DCM

TEA19362T DCM

TEA19363T QR/DCM

TEA19363LT QR/DCM

398

TSOP-6

HVSON-8

SO-10

Switching Freq

130 kHz Max

70 kHz Fixed

130 kHz Max

130 kHz Max

20

20

Active X-Cap
Discharge

No

No

Yes

Yes

Low-Power
Mode

Burst

Burst

Burst

Burst

+ +
+ +
Protection

Safe Restart

Safe Restart

Safe Restart

OVP & OTP Latched
Rest Safe Restart

J

Low power burst-mode, X-cap
discharge & fixed frequency option

+ + + Optimized for 150 kHz

+ 150 kHz & 300 kHz option

Main Application

Mobile market, highest efficiency, audible noise optimized, meets IEC
62684 Common Mode Noise spec

Mobile market, improved touchscreen compatibility

Computing market, for non-touchscreen devices

Computing market, for non-touchscreen devices
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TEA1936x:. Primary Side Controller

Flyback QR Controller with true valley switching
- Adaptive dual-supply for highest efficiency at entire output voltage range
- From 5V to 20V in CV mode
- From 3V to 20V in CC mode
- From 3V to 6V in Direct Charging mode
HV Start-up and active Xcap discharge integrated (TEA19363)

Advanced burst mode enabling high efficiency at low loads while keeping the output in
full regulation

- No load stand by power dissipation < 30mW,; with output high (VOUT=5V & output in
full regulation)

- Low ripple £1% at any output voltage over the entire load range

- Fast transient response (VOUT +5%) from 0 up to full load

- Switching frequency up to 140kHz (QR with true valley switching)

- Integrated slope control and brown-in / brown-out protection

- Integrated mains independent OPP, Demag protection, accurate OVP & OTP
- Housed in a small SO10 package

TEA19361T  Mobile Version
Without active X-cap discharge, safe restart, 130kHz max (QR/DCM)

TEA19362T  Mobile Version
Without active X-cap discharge, safe restart, 70kHz fixed (DCM)

TEA19363T/LT Computing Version
With active X-cap discharge, safe restart (T) or latched (LT), 130kHz max (QR/DCM)

- HVSON package considered for smallest size
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in D

[AC)

CND

NRY

=NE

1
T

>60%

smaller

EiE

ol ~] |-

TEA1936

HY
NC
CTRL
GND

PROTECT WCCL

TEA1936 =1 |},:}

DRIVER 1

ISEMSE

AL
WVCCH

Symbol

GND
oRY

[

CTRL
FRCT

3 rc

Pin Description

1 Soppty wkage high
2 Sapply vehage bow
Grourd
4 Cale drowr cudpul
Luran sance gt
Susakay vendrg rel for demagneezsion imrg
Contrel reut
Hgh wkzgce sty saacer rat cornensad

10 Hgh vukege siolop, sclive X cap drchage
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TEA1993: SR Controller

Adaptive gate driver for maximum efficiency at any load
Supply current in “no load” operation below 200uA é

Self-supporting for high-side rectification without the use of an auxiliary | | g
winding TEA1993 T T [
Application Features: ol I
- Operates in a wide output voltage range down to 0 V { satmeG: q-
- Self-supplying for operation with low output voltage I — o
- Self-supplying for high-side rectification without the use of an auxiliary winding ) TEA1903

- Operates with standard and logic level SR MOSFETs vans ﬂ

[l

£%

=Xl

GHD

- Supports USB BC, USB PD, and QuickCharge applications o
Oo— o

Drain sense pin cable of handling input voltage up to 120V B——qo2 | T

- Operates “as is” in an output voltage range from 2V to 15V DiscH

- For 20V output voltage, one external small signal transistor needed (for
robustness in case of mains surge and spikes)

Adaptive gate drive for fast turn-off at the end of conduction
Under-Voltage Lock-Out (UVLO) with active gate pull-down G
Blanking input for low and high switching frequency

Small TSOP6 package

HH—
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TEA1993:

401

SR Controller — Block Diagram

Cap | I |
Under .
WO | Voltage Driver
reference Lockout Supply
B —— Supply
TEA1993 1 12y
Enerpy
Save » Logic
Control
Emable

Switch on

regulating

Switch

ulatian

Blanking

_‘ Switch off

\I\ On
N\

Drain
Keep Off
@ +150mv
source - =
Ground $ _Z
O Symbol Pin  Description
Cap [I z] Drain Cap 1 Capacrtor input for internal supply voltage
GND 2 ground
Gnd [2. Ic 5] Source Xv 3 Extemal supply input
Gate 4 Gate dniver output for SR MOSFET
Source 5 Source sense input of SR MOSFET
XV [3] 7] Gate : : ’
Drain 6 Drain sense input of SR MOSFET

Gate
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TEA1993:. SR Controller — Supply Mechanism

Supply from Vout
XV >= 5V
1II"IF{I.'ﬂu.P

G(max) CAP

¥ :

12V |

Self supply from sec. winding i.c.o.
high side configuration and / or
10‘5.!"" usage of Standard FET

8V~

ay-+--

51 '} i
TEA1903 |¥
3 Dirain cap
L[i f——c
v

Source 3 ﬂgj

" =
- ) Wa e .
S
Self supply from sec. winding i.c.o. low side e = e | qEping: T p—
configuration and Vout T [EET
<5V, can use logic level FET - '| s
F e oo
H i L Mirdrg
1V 5V 12V XV "L
< ;4 > :-nn;irhr I|r'| '[::b' =
Vour_MonITor Vout_moNIToRr & Vepp suppLy e = _-Fh'l |-|..:a.\_ n:npt!i a
a0 \_'..:\J ]
- : :
......
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TEA1999: SR Controller

Adaptive gate driver for maximum efficiency at any load Hf}lt'- LhL
Supply current in “no load” operation below 250pA = g rererce| | VoLTACE

Self-supporting for high-side rectification without the use of an VELTAGE ENERGY l

LI TEH ClE o

auxiliary winding 1 oM TROL
Application Features: "
- Operates in a wide output voltage range between 26V and 0V
Self-supplying for operation with low output voltage TEA1999

Self-supplying for high-side rectification without the use of an auxiliary ol
winding an reguiTion

negh
Operates with standard and logic level SR MOSFETs \

LOaGiC ‘

—=| BLANEING

L I TURR-ON IL

1 raguiion -D— QATE
T o i
"\-.-"I'hrﬁ'

SWITCHOFE

>

T, L] .
Supports USB BC, USB PD, and QuickCharge applications . I
Drain sense pin cable of handling input voltage up to 120V [
- Operates “as is” in an output voltage range from 2V to 15V i :l-f"*’”"‘#

- For 20V output voltage, one external small signal transistor needed (for * 3[;
robustness in case of mains surge and spikes) BN ]

- Adaptive gate drive for fast turn-off at the end of conduction
- Under-Voltage Lock-Out (UVLO) with active gate pull-down
- Blanking input for low and high switching frequency -

Enable input for CCM operation and for disabling at start-up or
shorted output

Small HYSONS8 package
403

-
s
1)

[T

h
P



Support Tools & Collaterals

Demo Boards, User Manual, Application Notes, Design Tools, etc.

r

Interested in learning more about NXP GreenChip o

Power Solutions? d
A full set of Collateral is available
- Product Information Page
- Product Leaflets and Datasheets
- Application Notes e
- Qualification Data
- Free Samples of all Product Versions ”
- Demo Board Information Page
- Demo Boards e
- User Manuals

- Online Design Tools —

- GreenChip Power Product Selection Guide
- Online Calculation Design Tool
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LOAD SWITCHES



Load Switches Power Distribution Applications

- Usage:
- Power distribution to subsystem blocks
- Connect/disconnect loads to power supply rails

- Benefits:
- Extend battery life:
- Low voltage drop across switch, compare to LDO
- Very low current consumption and leakage current
- Minimize load drawn from battery by disconnecting unused blocks

- Lower costs
- Varies power rating and Low Ron for better efficiency
- Reduces overall part count
- Reduces PCB space

- Why NXP?

Large manufacturing capacity

Variety of package options

- Low power CMOS processes
Excellent balance of price and features

406

3 ]
Load Switch p
ower
Amplifier
4 1
Load Switch Control

WIFI/BT

Module

Electronics

Load Switch X
Logic
Camera
Module l
VBUS

o |

load Switch A

@ Display
Power l
Management

h

P


http://www.usb.org/home/

Load Switches
Three Alternatives for High-Side Switching

407

Discrete solution LDO solution Load switch solution

OUTPUT
'NDPUT ( P-channel ) O INPUT r I OUTPUT INPUT Ep——e U T

D, D D
\-@%_’I_EI[JE_ CONTROL |_T_|

SHIFT,
— T SLEW RATE
CONTROL -_ Rpd CONTROL,
o 1 L OTHER... /
CONTROL _L
|| 4components D 3 components = 1 component
Discrete LDO Load switch
Footprint (external components) Largest Mid most compact
Cost Lowest Lower Low
Efficiency Med Lowest Best
Regulated voltage Mo Yes No
Logic level control No Possible Yes
FEATURES Yes**
Current limit, OCP No*® No Yes**
Thermal shutdown MNo* Mo Yes**
Load discharge MNo* MNo Yes**
Short circuit protection MNo* Mo Yes**
In-rush protection Mo*® Mo Yes**
Reverse voltage protection No* No Yes**
uUvVLO MNo* Mo Yes**

* Feature can be implemented discretely with additional components
** Feature is integrated in the silicon. Specific feature set will vary by part number
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Safety Features with Load Switches

Slew rate control (SR)

‘ Constant current limit (CC limit)
Short circuit protection

‘ Reverse voltage protection
Over temperature protection (OTP)

Under voltage lockout (UVLO)

Brown out protection

Over voltage protection (OVP)

Load discharge circuit

Fault indicator

Also called in-rush current protection or soft start. Limits the initial current ramp when switch is first turmed on. High
capacitive load can create a high current spike with damaging potential if not controlled. Slew rate is typically fixed
internally, but could also be programmed externally with an RC network.

Limits the maximum current through the switch at all times to a specific value. Value can be either fixed internally by
design, or programmed externally with a resistor.

Turns off the switch when a short circuit situation is detected. The protection can include an auto-reset circuit, which
allows the switch to resume normal operation once the short circuit is removed, or include a latch-off mode, which
locks the switch in the off position until the fault is removed and the power re-cycled.

Prevents current from flowing in the reverse direction from output to input of the switch in situations where the output
voltage is higher than the input voltage.

Turns off the switch when the device internal temperature increases above a certain set level to prevent internal
damages. The threshold can be either fixed internally, or programmed externally.

Turns off the switch, or prevent the switch from turning on, while the input voltage is below a certain level. This limits
the risk of pulling excessive current from the source while the input voltage is still too low for normal operation.

Sag in the input voltage can create malfunction or damages. Brownout protection (relaved to UVLO) prevents

Turns off the switch when the input voltage rises above a certain level. This prevents voltage overshoot from
propagating through the switch and damaging the load. The threshold level can be fixed internally, or programmed
externally.

Removes any capacitive charge from the load by shorting it directly to ground to provide a clean reset. The discharge
rate can be adjusted with a resistor internally or externally.

Qutputs a DC signal to indicate an emror has been detected (short cirtcuit, over temperature...) and trigger a reset. |

408
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Load Switches Portfolio

For Power Sequencing, Power Savings, Power Delivery, Protection & Control

410

Ultra-low current consumption
Low and flat on-resistance (Rpy)
Wide Supply Voltage Range

Ron TYP louiescent lourpur MAX Slew
Device Viy (V) (mQ) TYP (nA) (A) Rate

T 30V Tolerant for USB OTG 3.0
I 8ms OCP trigger delay

OoTP

OCP

RCP

Package




USB Type-C / USB-PD Discrete Solutions

5.0V/3.0A Back-to-Back MOSFET
12V /3.0A to Provide 30V Isolation

20V/5.0A
Vbus =" P — | charger

®
5 [11 111 PMU
o .
g surge Protection
@]
8 PD PHY
g Reverse Blocking Diode G
= l—i‘
Current Limiter Pch MOSFET
3.0A/5.0V
. — Yim Vour D — OTG 5V
AD R1 Regulator
2x 30V Pch MOSFET: Area = 2x (2x2mm) = 8mm?
Ryson(@t 100 degC) = 2x35mQ = 70 mQ Surge & Reverse Blocking
, Diodes (orange) are integrated and not needed
Reverse current protection .
> Add 30V/3A Schottky diode (Area = 2.5x4.8mm = 12mm?) Power Delivery Path

Over-voltage protection, No surge protection
- Add 100V tolerant diode (Area = 5.3x4.2mm = 22mm?) ——> Charging (Consumer)
<€—— Supplying, OTG (Provider)

- Total area = 42 mm?+ PCB spacing of components

A Load Switch Integrates all the Discretes!

411
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NX3P2902B — 0.5A High-Side Load Switch

- Description

Low ON resistance P-channel MOSFET supporting 500 mA of continuous current

Operates from 1.1V to 3.6V

Used in power domain isolation to reduce power consumption & extend battery life

Enable pin includes level translation making the device compatible with low voltage processors
Include slew rate control to limit inrush current

- Available in: WLCSP-4:0.76 x 0.76 x 0.61 mm, 0.4 mm pitch

« Pinto Pin with: TI TPS22901/902/902B

Features
Operates from 1.1 to 3.6 V.
Low Rgy = 65 mW typ.

‘ Low power mode with EN = low.
i WORIT 4
QS Continuous current of 500 mA.
L™ burmp A1 \\:‘: .
e ATeq Leakage current with 0.1uA
1 2

o | fovel hil, show | ! 2 Slew rate control 40 uSec @3.6V.

[E""' load discharge Al wouT ViN

B| GWND EM

NX3P2902B Transparent Top
View Pinout
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0.5A Load Switches Specification Comparison

ADP190
Input voltage (V) 1.1t0 3.6
Rony @ 1.8V (MQ) 105
Rony @ 3.6V (MQ) 80
Quiescent Current with EN=GND (nA) 100
Output tEN @ 1.8V (us) -
Output tEN @ 3.6V (us) 50
Output tRISE @ 1.8V (us) -
Output tRISE @ 3.6V (us) 1.5
Quick discharge No
Max output current (A) 0.5
Package WESP4

g 0.8X0.8mm

e NXP has 10% Lower RDson

« NXP also provides best in class supply chain and is cost competitive

413

NX3P2902B
0.9 to 3.6V

v 95
v 65

v 10

310
135

265
150

Yes

0.5

WCSP4
0.8X0.8mm

TPS22901
1.0to 3.6

109
78

137

72
39

45
28

No

0.5

WCSP4
0.8X0.8mm

TPS22902B
1.0to 3.6

109
78

137

335
183

220
146

Yes
0.5

WCSP4
0.8X0.8mm

h
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NX3P1108UK — 1.5A High-Side Load Switch

« Description

414

Low ON resistance P-channel MOSFET supporting 1.5 A of continuous current

Operates from 0.9V to 3.6V

Used in power domain isolation to reduce power consumption & extend battery life

Enable pin includes level translation making the device compatible with low voltage processors
Include slew rate control to limit inrush current
NX3P1108 also includes active pull down to discharge any residual output charge

Available in: WLCSP-4:0.96 x 0.96 mm, 0.5 mm pitch
Pin to Pin with: Fairchild FPF1107/1108, TI TPS22902/22907

YiH vout
T L
P level shift, slew
rate control
e load discharge
1 2 1 2

A |vouT| viN AlO O
B|onD | EN el O
Pin-out top view Transparent top view

Features
Operates from 0.9 to 3.6 V
Low Roy =32 mQ typ at 3.3 V
=50mQtypatl.8V
Low power mode with EN = low
Supplies 1.5 A of continuous current,

Highest industry rating / area

Slew rate control
Load discharge circuit for
NX3P1108UK




1.5A Load Switches

Competitive Comparison

- Lower operating voltage:

0.9V

- Highest current rating of 1.5A

- Lowest Ry

Input voltage

Ron @ 3.3V (MQ)

Slew rate control
Quick discharge

Max output current (A)
Package (mm)

Pitch (mm)

415

NX3P1108

0.9to 3.6

35

Yes
Yes

1.5

TPS22906

1.0t0 3.6

78

Yes
Yes

1.0

TPS22907

1.0to 3.6

a4

Yes
No
0.5

WCSP4 (0.96 x 0.96)

0.5

FPF1107

1.2t04.0

35

Yes
No
1.2

FPF1108

1.2t04.0

35

Yes
Yes

1.2

Comments

NXP has lower voltage

> NXP 10% lower Rpgon)
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NX5P2924/B/C — 2.5A, Low RON High-Side Load Switch

416

Description

Low ON-resistance across all Vin and temperature (-40 to 85°C).

Switch controlled by 1.2V logic enable pin, optional internal pull-down resistor to prevent false triggering.
Internal output shunt resistor/MOSFET quickly discharges residual load when power switch is turned off.

Slew rate control limits device rise time to prevent in rush current
NX5P2924 has pull-down resistor on EN pin; NX5P2924B/C have no pull-down resistor on EN pin
Difference between the NX5P2924B/C is the output slew rates (B=100us, C=8ms)

ON Resistance (mOhm)

= e

=
Ra s =0

Pin-to-pin with: TI TPS22924(B)YZPR

Ron vs. Vin at -40 deg. C

|

o

(=] (] - o, oo

10 15 20 25 30 35 40 45
Input Voltage (V)

50 55

=

% 6-ball WLCSP Package

=

\Qy 1.4 mm x 0.9 mm x 0.5mm;
0.5 mm pitch

Ronwvs. Vin at 25 deg. C

B
LE.]

[
(=]
ON Resistance (mOhm)
&

[

—
(=]

ON Resistance (mOhm)
i

o -
10 15 20 25 30 35 40 45 50 55

Input Voltage (V)

NX5P2924 Blue  TPS22924 RED

Features

bt
1y

(]
(=]

=
(=

LA

1]

Operates from 0.9 V to 5.5V
Low RON = 14 mW typ. at 1.8V
Low power mode with EN = low
High continuous current of 2.5A
Switch leakage current of 0.5 uA

Off-state supply current of 0.1 uA

Slew rate control, 100us
Load discharge circuit
On-chip Enable pull-down resistor

Ron ws. Vin at 85 deg. C

—

1.0 15 20 25 3.0 35 40 45 50 55
Input Valtage (V)

NX



Load Switch Specification Comparison

Key inputs

Operating voltage

Max continuous current

EN pin: Pull-down
resistor

Ron (typ/max)

Package and size

417

NX5P2924 NX5P2924B TPS22924B
0.8 to 5.5V 0.8 to 5.5V 0.75 to 3.6V
2.5A 2.5A 2.0A
mtegrateq pull-down no pu_ll-down no pull-down resistor
resistor resistor
14 /18 mW 14 /18 mW 20/ 28 mW
WCSP6
(1.4 x 0.9 mm)

NXP offers very low, flat Ry over operating voltage range.

Comments

Wider operating range

Higher current

NXP Ry better

Pin-to-pin compatible

h
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NX5P1000 / NX5P1100 — Uni-directional OVP/OCP IC
With ESD Protection Diodes for Data Lines

Description

Uni-directional power switch and ESD protection device for USB OTG supply.

Operates from 3.0 to 5.5V. Protect the inside circuitry from external voltages up to 30V.

Designed to isolate a VBUS OTG voltage source from an interface pin during over-current or over-

temperature events.

Features an externally adjustable current limit; an output voltage detect, OVP, OTP, and a fault

indicator.

Available in: NX5P1000: WCSP12 1.4 x 1.7, 0.4 mm pitch

- Competes with: TI TPD4S214

<€

CURRENT SOURCE

REVERSE-CURREN

PROTEC THXN

OVER-CURRENT

Oveus 1]

8 F [owowio

c PROT

5 EEE

O o ) CONTROL

m o i

N w —

) - i
55| |EEH 5
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Circuit block diagram

The NX5P1000 is very similar to the NX5P1100 with the addition of
an 8ms OCP trigger delay in the NX5P1100

NX5P1000
NX5P1100

VINT | VDET | VBUS

VINT | FAULT | VBUS

EN GND ID

ILIM D- D+

Transparent top view

Features
* |solates/protects up to 30V on VBUS

Operates from 3.0 - 5.5V

Adjustable current limit: 200mA — 1.0A
Low ON resistance: RON 60 mQ

Soft start turn-on, slew rate controlled

Over-/under-voltage protection
Over-temperature protection @125C
Reverse bias current protection

ESD IEC contact to 8kV




NX5P1100 — Screen Shot During Power-up

419

Flile" Verical Trigger Display Cursors Measura Math  Analysis  Utllittes Help

Current limit set to 300mA
5V input voltage
Input voltage Switch current step from: 0
> to 500mA

Output voltage

Rilimit=150k After switch current = [limit
1 7.4ms deglitch for 7.4ms, switch opens,
isolating Vin from Vbus

Switch current

REVERBE-LLRRE
PROTECTION
, CVER-CLURRENT i
PROTECTHIN

|

| | | .

| VS - — milll | T

: - X At ¥ B y B f ! UL FOVL O
Measure P1:mean(C1) P2mean{C2) P3:-- P4 P5-- P6:-- - L —
value 5039V 2485V L. - voeT
status v o ‘nm CONTROL B
(o3 1 ——1 FRLRT

1.00 Vidhv 1.00 Vidiv x| |[E ] 5

-3.000 ¥V ofst -3.000 V ofst >
@ Hardcopy saved to: EWnxSp1000x3 jpg 106772013 4:30:09 PM




NX5P3090 — 5V/3A Adjustable Current Limit Load Switch

Description

» High-side Load Switch with low ON resistance P-channel MOSFET

* 29 Vtolerance on VBUS and EN pin

* Active-HIGH EN pin with internal pull-down resistor

* Adjustable current limit from 400 mAto 3.3 A

« Clamped current output in over-current condition

* Very low ON resistance: 34 mQ (typical)

* Protections: OCP, RCP, OTP

* Surge protection: IEC61000-4-5 exceeds +80 V on VBUS

» Safety approvals
+ UL 62368-1, 2nd Edition, File no. 20160526-E470128
* |EC 62368-1 (ed.2), File no. DK-54536-UL

Available in: WLCSP12 (1.4mm x 1.7mm, 0.4-mm pitch)

USH connec
B WINT
SEURCE P VELS VEILS
Voo - = s
NX5P3030 I
4FKO
L FAILT -_
LISR EN|.
CONTROLLERY
PROCESSOR GHD FiLin
(] ]

420

vBUS

REVERSE-CURRENT]|

PROTECTION
OVER-CURRENT ILIM
Clamping g
l -I«« — VINT
Protectio
| cownmroL EN
Discharge }— ﬂkw
Circuit I FAULT
Thermal | | Jrl
Shutdown 7

Applications

* Notebook and tablet PC
* Cellular handsets

* Portable media players

block diagram

1 2 3

,-R ,-\‘ ,-ﬂ.‘

. " EM ;'FALIL'; : 1L
_— - —

r""" p""“ rr""

B POVINT *“JINT, ! G Ny
- P -

"'J-.‘ “"-.‘ "'J-.‘

C Pwint,  lveus, 'GND,
- - -

PR Y .

Al % %

D | \veus: 'veus, !GND,

— - N

Transparent Top View



NX5P3290 — OCP Load Switch with Fast RCP Recovery

Description
* VIN supply voltage range from 4.0 Vto 5.5V
» All time reverse current protection with ultra fast RCP recovery
» Adjustable current limit from 400 mAto 3.3 A
» Clamped current output in over-current condition
* 29V high voltage tolerance on VBUS pin
» Low ON resistance of the power FETs: 35 m(J (typical) in total
» Over temperature protection
» Safety approvals
« UL 62368-1, 2nd edition, file no. 20161017-E470128
* |IEC 62368-1, 2nd edition, file no. DK-57975-UL

external Scholicy

USE cornecior

E TG
dinda
—

VBUS

GHND

dicde {aplicnal]
WCP
8V S0URCE Wi
Voo CiNT =
T — WBUS
Coaus ==
|_| “TEn 10 uF I
* fFLT
o 1 ILIN
UZSE o FO
CONTROLLER! GAR_GND ]
FROCESZ0OR ] RILIMA
=tk 1
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Fast RCP recovery circuit added
to the switch to prevent any
reverse current flowing back to
power source at all time.

When existing from RCP state,
the power MOSFET will be turn
on within 50 ys.

Over current protection of VBUS for
USB PD and Type C application
Adjustable OCP from 400mA to 3.3A

Support USB PD 3.0 fast role swap
Support 24V hot plug-in




NX5P3363 — OCP Load Switch with Fast RCP Recovery

Description

* VIN supply voltage range from 4.0 Vto 5.5V
+ All time reverse current protection with ultra fast RCP recovery
» Adjustable current limit from 400 mAto 3.3 A
» Clamped current output in over-current condition
* 29V high voltage tolerance on VBUS pin
* Low ON resistance of the power FETs: 35 m (typical) in total
» Over temperature protection

« Safety approvals
* UL 62368-1, 2nd edition, file no. 20161017-E470128
* |IEC 62368-1, 2nd edition, file no. DK-57975-UL
» Surge protection: IEC61000-4-5 exceeds 80 V on VBUS

422

8V SOURCE

external Schottky
dinde (oplicmal]

I—E:I'i

USE
COMNTROLLER!
FROCESSOR

15

CiwT =

|_|-'.'|" KD

] EN

WCP
VIN

VBUS

LT
ILInd

HFO cap GuD

USE cornecior

Caug ==

10 uF I

] RiLira

WG
dinida

VBUS

GND

* Fast RCP recovery circuit added
to the switch to prevent any
reverse current flowing back to
power source at all time.

* When existing from RCP state,
the power MOSFET will be turn
on within 50 ys.

Over current protection of VBUS
for USB PD and Type C application
» Adjustable OCP from 400mAto 3.3A

» Support USB PD 3.0 fast role swap
» Support 24V hot plug-in
« +80V Surge protection




NX5P3290/3363 — Load Switch with Fast RCP Recovery

NX20P5090 WLCSP15, 1.6x2.6mm

423

A

1 VBUS

[ OVP

SW Control

PD
Controller

GND

OVLO

S2

SW Control

|

[ Charger IC } /FauStINKjr SmkFEIT{:R_rIC'E_I [
L
r
I

Source

sV

J— Source FET
L

l VBUS

N
Regulator J ILIM RCP 2
+ - —
< Bypass FET
GND

Sink Path supports 20V/5A with over-voltage protection.
5V Source path supports 5V/3A with current limit.
Programmable current limit and OVP by external resistor
Bypass FET for fast Vbus support during transitions
RCP protection, 30V isolation on Vbus.

VBUS

—

USB
Type-C
Connector

NX5P3290 wLcsP12, 1.35x1.65mm
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Vbus

USB
Port

D+
ID

NX5P3001/NX18P3001 Bi-directional OVP Load
Switch for USB OTG & Charge

Description
+ Bi-directional power switch w/ ESD-protection for USB-OTG charger port applications

» Under & over voltage lockout protection to automatically isolate the power switch terminals during fault conditions
» Slew-rate control to protect from inrush currents

* Low capacitance TVS are built-in on D+ and D- lines

Available in: WCSP12 1.2 x 1.6 x 0.5, 0.4 mm pitch

Bi-direction, charge and

OoTG

[ = |
|y |
=]

| = |
| |
1

125°C
proT [

NX5P3001: typical 5V charging with OVLO and UVLO protection
NX18P3001: Tablet application typical 17.5V max charging with OVLO and UVLO.

Features

* |solates/protects up to 30V on VBUSI
Operates from 3.0 - 5.75V (NX5P...)
Operates from 3.0 — 17.5V (NX18P...)

Processor

Transceiver

Switch continuous current: 3 A max

Low ON resistance: R,y 65 mQ.

Soft start (slew rate control)

Over voltage protection

Under voltage protection
Over-temperature protection
ESD IEC contact to 8kV, HBM of 2kV




NX20P5090 — 5A Programmable OVP Power Switch

Description

« 5.0A capable power switch with programmable over-voltage protection. OVLO is programmed via pull-down resistor.

* Includes under-voltage protection, reverse-current protection, and over-temperature protection. During fault condition,
device opens to protect the load.

« Supports USB-PD Type C and power domain isolation applications with high supply current

» Slew rate control with 15ms debounce time before the switch turns on

* Enable input integrates voltage level translation, making device compatible with low voltage processors

Available in: WLCSP15 1.6 x 2.6mm; 0.5mm pitch

425

usB
PORY

R1_min = *MQ ityp)

Qniy pulldovm resizor.
VBUS

1s [
I ovLO

R2

VINT 26V . 20V

18-55V J-

Cour
- ;
ACK 10k tu 200k0

BATTERY
CHARGER

Rezistor dvider zetz OVP
threstald. Defsulls o 23V
when OVLD isGND ¥
VELIS > Vi o, tha MOSSET
15 OFF wen £/EN 15 low

Pewar Good ACK te the IO
ACK=Low = peweer iz good

USB CONTROLLER
OR PROCESSOR

cnol

A

<

0

Features
Operates from 2.5 to 20 V.
Low ON resistance: Ron typ 30 mQ
29V tolerant VINT/VBUS pins
Reverse current protection
Programmable over-voltage protection

Under voltage protection (2V)

Over-temperature protection @125C

1.8V control Logic to enable/disable
IEC61000-4-5 90V Surge Protection on Vbus

Slew rate control with 15ms debounce




NX20P5090 — 5A Programmable OVP Power Switch
Configurable and Fast Over Voltage Protection

J_ VBUS VINT J_ Battery Charger
C Cour
I R1 NX20P5090 1.8-5.5V
UsB
PORT ovLo R
R2 ACK g
/EN USB Controller
T or Processor

Vovie= Vth(ovlo) = (R1+R2)/(R2)

I
I

I

I

I

\

I

i

VBUS / !
I

ov H

I

I

I

I

= ’ ’ - 1 n 3
LR | | ? 1 .‘
oot | —1 2= :! 5 2
7

B B

; 'y 1t o

When VBUS>VOVLO, Toff =130ns
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NX20P5090 & NX5P3090 — USB Type-C Power Path

427

=| SO0VI/3.0A NX20P5090
e 12V/3.0A
g 20V/5.0A b Lo 1 . Battery
Vbus — © = et - charger /
0 —> L [ [ TL —> PMU
o
|2‘ Priluergt?on Sgltg AGK
B C D E ovLO controL |+
5 - IEN
w : i QTP xm)}
(o) Hoad (o} (e {ant _[RevERSE-CURRENT]
PROTECTION
NX20P5090 OVER-CURRENT iLM—3.0A/5.0V
e Clamping _T ‘\ e OTG 5V
< R Ry [ [ [ ] regulator
— Surge M&] UvLO %
s ,", ,;“ .‘"m,“, Protection
g | controL DR"" EN
, G =l ) —oy  Power Delivery Path
& Jl
SE“JZL'ES.L I’-Sm -3 Charging (consumer)
€— Supplying, OTG (provider)
NX5P
AoPee NX5P3090




NX30P6093 — 30V / 8A Programmable Load Switch

Uni-direction Load Switch (Sink Path) " g{[l
Over voltage protection up to 29V on VIN ” rm.: \f_ e
Adjustable OVP by I12C (6V, 10V, 11.5V, 14V,17V, 23V) " L o
Maximum switch continuous current 8A T
Integrated current source for VIN pin resistance detection o e 1
Ultra-low RDS(ON) = 8.95mQ (Typ) for high current operation on I e k" cano
Short circuit protection from VIN to VOUT - | 1
Slew rate control for inrush current limit oro
Input discharge path for USB PD specification
I°C control and programmability for OVP threshold, timing control, pin Load Switch
resistance current source value, interrupt flag, etc. Fixed 5V output = []
DC-DC regulator L VBUS

Surge protection: IEC61000-4-5 exceeds 100 V on VIN without capacitor
Protection circuitry

Load Switch

Fixed 12V output

- Over-Temperature Protection, Over-Voltage Protection, Under-Voltage Lockout DC-DC regulator
. ESD Load Switch
. Fixed 20V output =
- IEC61000-4-2 contact discharge exceeds 8 kV on VIN DC-DC regulator
- IEC61000-4-2 air discharge exceeds 15 kV on VIN Device PCB

- HBM ANSI/ESDA/JEDEC JS-001 Class 2 exceeds 3 kV on all pins

h
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NX30P6093 — V,, Impedance Detection

| VDD
Isource
ADC
CIN Surge
protectlon
oW |
12C >

/EN

429

et

-« »

|

-
-

e &5

Lauy
The detected resistance,

The stable V, voltage after charging by current source,

Vi =1 « RDETECT

source
However, due to C, capacitance, the voltage would be,
t
Viy _ 1 x RDETECT (1 —e ™ t.)

source

Where,  t. = RDETECT * CIN

Smartphone OS naotification to your end user,
1. Plug out any of the accessory on USB connector

2. Clear the USB connector to remove possible
moisture or dusty etc @ Type-C connector

h
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Type-C Connector Moisture Testing

Moisture Type

430

Drink Water
Coffee

Sugar Water
Salt (Sea) Water

Coca Cola

Full Liquid in Connectord
78kQ
65kQ
72kQ
28kQ
38kQ

1. Inject the liquid in Type C connector and make the liquid full in the connector
2. Asmall drop liquid in connector

The DRP CC pins have periodically current
according to Type-C specification as shown in

the diagram

With the moisture, the chemical-electronic
effect will corrode the metal and damage the
pins and connector as shown in the following
tested impedance on CC pin to ground

DRP CC current

lcc= 80UA

Liquid in Connector

78kQ

1 hour @ DRP CC
current

20kQ

lcc= 80UA

260kQ
252kQ
255kQ
212kQ
255kQ

lcc= 180UA
lcc= 330UA

DRP Current
on CC pin

Little Liquid in Connector?

2 hour @ DRP CC
current

1.7kQ

5 hour @ DRP CC

current
0.4kQ

h
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U]
Type-C Moisture Detection and Corrosion Protection with NX30P6090

- Run moisture detection by NX30P6093 periodically
- Such as, detect the VBUS impedance every 6s by set Tduty=6s.
- When the abnormal impedance detected (detected VIN < VTAG)
- Notify the end user in OS
- Turn off CC logic or set CC logic to UFP mode to avoid CC pin corrosion issue
- When the connector is cleaned or fixed and detected impedance is good
- Turn on CC logic again or set CC logic back to DRP mode

| loc= 80UA

' loc= 180UA

' lee= 330UA
DRP Current |
on CC pin

o
A

h
P
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NX30P6093 — Comparison with FPF2281

NX30P6093 FPF2281

4

w

Pin/Package

Rds(on)

VIN Impedance Detection
12C Control

Short Circuit Protection

Max Continuous Current

Slew Rate Control for Inrush Current

OVP Response Time(TYP)
Surge Immunity
OVP Trip Level

nput OVP
I[EC 61000-4-2 Contact
IEC 61000-4-2 Air-Gap

2

20WLCSP

1.70 x 2.16mm

8.95mQ
Yes
Yes
Yes

8A

Yes
30ns
Over 100V
5.95V to 23V
65uA
28V
+8kV
+15kV

J

12WLCSP

1.29 x 1.99mm

32mQ
No
No
No

4.5A

No
0.1uS
100V
5.95V/9.98V
70pA
28V

+8kV
+15kV

NX



NX30P6093 — Comparison with FPF2283

Package size

Surge Protection

OVP Response time

VIN Impedance detection

VIN pin discharge

Slew Rate adjustable

433

WLCSP20
1.70 x 2.16mm

Yes
+102V

30ns

8.95mQ @TYP

Yes

Yes

Yes
From 0.85ms to 11ms

WLCSP20
1.80 x 2.20mm

No

70ns

8mQ @TYP

Yes

J

NX30P6093 has smaller die size and
Both are P2P

Key feature for OVP and FPF2283
does not have

Key feature. NX30P6093 has industry
fastest OVP response time

FPF2283 has a little better RDSON.
Both parts are good enough for 6A
operations and NX30P6093 supports
up to 8A

According to customer, FPF2283 has

ADC accuracy issue when VIN
impedance detection

NX30P6093 has turn on slew rate
adjust feature for system level

flexibility



NX30P6093 — Comparison with NX20P5090 & TPS25942

PEEERE UHES P2 WHSSRE UCAQINPAY, NXP’s package size is much smaller
1.70 x 2.16mm, 0.4mm 1.54 x .56mm, 0.5mm pitch  3.00 x 4:00mm than Tlp 9
pitch
RON ImQ 30mQ 42mQ Lower RON =» better thermals
. Need to add an external 100V
Surge Protection Yes Yes NO PTVS diode ($0.05).
VIN, VOUT High Voltage 20V 29V 20V 20V can'’t protect downstream IC
Tolerance due to overvoltage tolerance.
: Competitor device will be damaged
ACLE Gl VRIS (@ Below 28V Below 28V Over 38V when surge happen due to VOUT
PTVS24VS1UTR
Abs max 20V
Current Capability 8A 5A 5A
Yes Yes
RCP No 40mV 22mV
Support Multi Type-C port NoO Yes Yes NX30P6093 is suitable only for one

434

Type-C connect application
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NX30P6093A — Overvoltage Protection Load Switch

Over voltage protection up to 29V on VIN

Adjustable OVP by I°C (6V, 10V, 11.5V, 14V,17V, 23V) voD e | % aoc |

Bi-direction and supports OTG up to 1.5A (Source Path) n = — r:? vour
Maximum switch continuous current 6A (Sink Path) T

Integrated current source for VIN pin resistance detection et P lr e

Ultra-low RDS(ON) = 17mQ (Typ) for high current operation soL

Short circuit protection from VIN to VOUT w |

Slew rate control for inrush current limit - -

Input discharge path for USB PD specification
12C control and programmability for OVP threshold, timing control, pin . Load Switch A
resistance current source value, interrupt flag, etc. ] DU =
) ) _ DC-DC regulator VBUS
Surge protection: IEC61000-4-5 exceeds 100 V on VIN without capacitor S L
Protection circuitry Fived 12V output
- Over-Temperature Protection, Over-Voltage Protection, Under-Voltage DOLL bt
Lockout Load Switch
. ESD Fixed 20V output
. DC-DC regulator =
- IEC61000-4-2 contact discharge exceeds 8 kV on VIN
- |IEC61000-4-2 air discharge exceeds 15 kV on VIN Device PCB

- HBM ANSI/ESDA/JEDEC JS-001 Class 2 exceeds 3 kV on all pins

h
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NX30P0121 — 3A Back-to-Back OVP Load Switch

Features and Benefits:
- Wide operation voltage from 2.8V to 29V for VOUT

29V tolerance on both VIN and VOUT pins, break down
voltage up to 35V

- Adjustable VOUT overvoltage protection
On-chip back-back MOSFET with low RDSON <50mQ
(Typical)
Built in slew rate control for inrush current limit
5ms deglitch time for VOUT pin
FAULT condition notification to system
Maximum switch current 3A
Protection circuitry
- Over-Temperature Protection
- Under-Voltage Lockout

ESD
- HBM ANSI/ESDA/JEDEC JS-001 Class 2 exceeds 2 kV on all pins

436

VIN

ACK

EN

IMQ) -

e

Softtart —  control i — (

NX30P0121 - -=4.
/7 N\
/ \
’__ET‘ ﬁ,’f vour
I i ’
T
|
\
N . N\ /
~T 7/
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NX30P0121 — Application Use Case

437

VIN VOUT
M{:Jr:;le;f T NX30P0121 R1
g — OvVLOD
————4
EN R2
GND
L
DC_IN_EN
DC_IN_PON PMI
Usg | VBUS USB_IN . MID_CHG
Con ¢ ! :T:
- Buck L
CHG -
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| U
NX30P0121 Comparison

I e S N
3x4 WLCSP 3x3 WLCSP
1.25x1.65mm 1.21x1.21mm

438 M



NX20P3483 — Sink/Source Integrated OVP Combo Switch

Features & Benefits:

Adjustable over voltage protection (OVP) on VBUS via I?C interface (6V, 10.5V, 13.9V, 17.0V, 23V)

On-chip ultra-low RDSON

- 18mQ for VBUS-to-VCHG path

- 33mQ for V5V-to-VBUS path

Bi-directional Operation

- 12C-configurable current limit; From 400mA to 3.3A for V5V-to-VBUS path
- Maximum switch current of 6A for VBUS-to-VCHG path

- Maximum switch current of 3.3A for V5V-to-VBUS path

- Slew rate control for inrush current limit
Supports 4 different 12C addresses on ADDR pin
Support fast role swap and dead battery conditions
Fast Role Swap is enabled when FRS_EN=High
Integrated always-on LDO to supply EC or TCPM for dead battery operation
Protection circuitry for OTP, OVP, UVLO, and RCP
Surge protection: IEC61000-4-5 exceeds £100 V on VBUS
ESD Performance:
- |EC61000-4-2 contact discharge exceeds 8 kV on VBUS
- |EC61000-4-2 air discharge exceeds 15kV on VBUS
- HBM ANSI/ESDA/JEDEC JS-001 Class 2 exceeds 2 kV on all pins
Available in WLCSP42 (2.51 x 2.91 x 0.525 mm), 0.4-mm pitch

439

VIHG

29-V Tolerance on VBUS, VCHG and CCxC pins; breakdown voltage up to 35V

U
|'-' | e
plinat i
3.3
— 1 s
ke wdae | — 5DA
—
[
A0DR
T
GHD
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NX20P3483 — Recommended Layout for Non-HDI PCB

440

Layout Guideline

o
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USB Type-C Discrete Versus Combo Switch Comparison

TT T Lerent imit
& High Vgiage Sgurce Slurtch 20V Power Source
-C LI v For ARVR, LCD Monitog
¥ T Portabée Printer
_ NX20P3090:
Type-C Switch
r:[u .q_’}_g_; VIN sYS VIN SYS
i T Buck/Boost Buck/Boost
NX20P5090 Chargotl M Charger ™
] L‘- o
| L —1
Current limit e e~
& Source Switch I
’ 5V Power Source 5V Power Source
e NX5P3290A = =
T "] CYPDb226 | | Intel CYPD5225 L Intel
i  NX20P0408 | PD controller | | Ice Lake PD controller || Ice Lake

Parameter NX20P5090 + NX5P3363 NX20P3483 NX20P3483 Advantages

IC Size 3.95 mm? + 4.85 mm? = 8.80 mm?  7.30 mm? ~20% Smaller Size than Discrete
Surge Protection Yes (80V) Yes (100V) Higher Surge Protection
External Components 11 pcs 6 pcs Save 5 pcs External Components
Path between VBUS and Sink Path Sink & Source Bi-direction Path
Charger VIN No Source Path 5~20V Source Path High Voltage Source Power w Current limit
Dead Battery Operation Mode No Yes VLDO
NX20P5090 + NX5P3363 + Over 20% lower price ~22% lower than Discrete Solution

Discrete = ~$0.70
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NX20P3481 — Type-C Combo Power Switch

Description | = [ N
Adjustable over voltage protection (OVP) on VBUS via I2C interface (6V, 6.8V, 10V, B I I ™ Y = NS
11.5V, 14V, 17V, 23V) |_4 =
On-chip ultra-low RDSON , T e
- 28mQ for VBUS-to-VCHG path —

- 35mQ f0r V5V‘tO'VBUS ath :':"?':'1 Iz wE GmRdra —_ £ :2;.

Bi-directional Operation e 1 | [T— =

- I2C-Configurable current limit; From 400mA to 3.4A for V5V-to-VBUS path T =
I

- Maximum switch current of 5A for VBUS-to-VCHG path =

29-V Tolerance on VBUS, VCHG and CCxC pins
Slew rate control for inrush current limit

Supports 4 different I1°2C addresses on ADDR pin
Support fast role swap and dead battery conditions

Fast Role Swap is detected by the CC1C & CC2C pins according to the USB PD Fast
Role Swap specification

Integrated always-on LDO to supply EC or TCPM for dead battery operation , * , -;'._;.}; .'f; '.:; ;\;.'_:- _:5.'..: _?:.',: _‘:f;- _:5..';
Protection circuitry for OTP, OVP, UVLO, and RCP - '
Surge protection: IEC61000-4-5 exceeds £100 V on VBUS
ESD Performance:
- IEC61000-4-2 contact discharge exceeds 8 kV on VBUS and CCxC pins
- IEC61000-4-2 air discharge exceeds 15kV on VBUS and CCxC pins
- HBM ANSI/ESDA/JEDEC JS-001 Class 2 exceeds 2 kV on all pins
Available in WLCSP42 (2.51 x 2.91 x 0.525 mm), 0.4-mm pitch
442
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NX20P3481 — Application Block Diagram

- Dead Battery Operation g ,
- Regardless of the status of /EN pin, if VDD is — =g
not present, device is forced to be in dead =T T L ) gt ),
battery operation mode. I T | T " |
- In Dead Battery Mode, device closes HV Sink ' _SourcePath [T |
path to charge battery. -~ L
- VBUS OVLO in Dead Battery Mode is fixed to c T 1
6.8V. = o
- Device will only exit from Dead Battery Mode o I =
when DB_EXIT=1 (Host writes to REG 0x0B) - i 1
and VDD > 2.7V.  ~— I .
- Fast Role Swap Mode |

h
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Application Block Diagram — Smartphone, Tablet, etc.

r

15W Qi Tx

WiChg MCU
MWCT
10xx

Qi Transmitter

444

Type-C

System
NFC 5.4V Boost
«—>
E PNSOT PCA9412A
Qi Wireless OVP Back to Back Protection
Receiver NX30P0121
—>
s 2:1 SC pirect Charger
1 PCA9468
MID Cha Eer
) ’ el Pin
OVP vin b 1T
NX30P6093A T 4
SYS
_|
PMIC
D+/- Protection _||
NX20P0408
N , N
\  CC/sBU 1 PTN5150/5100
1 28MI Protection J v
<4 NX20P0407 ‘\ /  MCU

System
- PCA9412A
- 5.4V DC-DC Boost for NXP NFC IC

- NX30P0121
- 28V Back to Back OVP
- Samples available now

- PCA9468
- 2:1 Switched Cap Direct Charger

« NX30P6093/6093A(OTG support)
- 28V OVP with Moisture & Dust Detection

- NX20P0407/0408(Only D+/- protection)
- CC & SBU or CC & D+/- Protection

Qi Transmitter

- PCA9440
- 15W Qi (Half-Bridge) Transmitter
- Samples available now

P

A
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NX20P0407 Introduction

- Description

- USB Type-C CC&SBU or CC&D+/- Protector

- Short-to-VBUS (28 VDC) Overvoltage Tolerant and IEC ESD Protection
- Justification

- Since the release of the USB Type-C connector, many products and accessories for USB Type-C have been released which do not
meet the USB Type-C specification.

- One example is the mechanical twisting and sliding of the connector that could short pins due to the close proximity in the small
connector. This can cause 20-VBUS to be shorted to the CC and SBU pins in the Type-C connector.

- Further, there is a heightened concern that debris and moisture will cause the 20V VBUS pin to be shorted to the CC and SBU
pins.

- NX20P0407 will protect downstream components for high voltage damage.

446

High-spenad data path UsB 2.0 High-spead data path
(TX for USB, or for DP Alt Made) interface (RX far USBE, ar TX for DP Al Mads)
Al 2 A2 A3 | A4 A5 Aé A7 A8 A2 ' A10 AT ' A12

| one | T+ | ™= | Vs | <1 |

D+ | D- | $BUY | Vius | RX2- | RX2+ | GND |

{ e | GND | RX1+ | RX1= | Vays | seuz | o D+ | CC2 | Vaus | T2- | Tx2+ { GND |
Type-C Bl2 1 Bl 810 , B9 B8 B7 BG BS B4 1 B3 B2 | BI
3 b - - - - —_ b o - - - - —
Cabla Cable Secondary Plug configuration detection
ground bus powar bus * Ono bocomes Ve

cable power
® CC i used for USB-PD
communication
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NX20P0407 — CC/SBU or CC/D+/D- Protection in Type-C

Features and Benefits

USB Type-C CC and SBU (or D+/-) short protection to VBUS NX20P0407
- CON_CC1/CON_CC2: +28VDC SHE
- CON_SBU1/CON_SBU2 : +28VDC L SBUEN
Rd circuit in CON_CC1/CON_CC2 for dead battery o ) IFLAG
omparators
LOW RdSOh SW|tCh Control Logic
- CC switch : 170mQ 7
- SBU switch : 4Q coN_ccl Vs ¢ \CCl
. . T ESD k MY MY Post
Robust ESD immunity for CON_CC1/2 R% +
- IEC 61000-4-2 Contact discharge: 8KV concer) AR TR _ b
- IEC 61000-4-2 Air discharge: 15KV % =
+34V surge protection on CON_CC1/2 conseul = dd L
High speed Bandwidth of SBU switch: 1GHz (capable of USB HS lel
signals) con_sBu2 L c - | SBU2
Low battery leakage current: 20pA 1l ot
[ S e
CC1/2 leakage current: < 1pA ~
R

Fast OVP turn-off time: 60ns for CC, 45ns for SBU
1.27 x 1.67 mm 12 WLCSP with 0.4 mm pitch
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System Diagram

448

Type C NX20P0407
Connector VSYS
SBUEN
VBUS
Adatper I
FLAG
VSYS Comparators
Control Logic
o CC/PD Phy
@
Vref Vref —{—
) cc1 CON_CC1 Yallala Ccc1 Lﬂ—
+ < TCC >
L R r
Vref clamp clamp
T Rd L Rd Vref >
= CON_cC2 il e e cc2 = T
S\ AW 0
0] B !
clamp clamp
— Rd% T Rdi
SBU1 CON_SBU1 =/ £ SBU1 =
S S\
bl
—l—— clamp
SBU2 CON_SBU2 - = | SBU2
S
el
clamp

1
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NX20P0407 Dead Battery Behaviour (Stand-Alone)

KEYSIGHT
TECHNOLOGIES MS0-x 60044, MyE4130194, 06.12.2016010702: Thu Aug 03 09:12:00 2017

ooy ooy || aorsoov ] 00s R 1\ X20P0407 Test without CC/PD PHY

SYS Power
1. Rdis connected when VSYS < UVLO (Dead
Battery condition)

T 2. CC switch is turned ON in 2ms after VSYS
exceed UVLO

CON_CC1 CC Switch Rd Switch 3. Rd switch is disconnected in 3ms after CC
ON | OFF — switch is ON

- There is 3ms overlap time between Rd and CC
switch ON to secure Rd connection.

Trigger Menu

Trigger Type Source
Edge

+

h
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NX20P0407 Dead Battery Behaviour (In System)

SIGHT KEYSIGHT N ; = .
w (EY‘.X H MS0-X 60044, MYS4130194, 06.12.2016010702: wad Oct C w T Y-, Lo MS0-X 80044, MYS4130194, 06.12

1

O

7. RG in NX20,P0407
is disconnected

2. Rd in NX20P040/7 1s connecied,
< UVLO

Couplng impadanca BW Lene s Ivant Prohe Couping Impedance

£ MG s Oe 1M 0
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NX20P0407 — Comparison Table
| NxaoPodo7uK | FUSB2S2UMX |  TPD6S300 | Commenis

Package
Size
SW Config

ABS max
Ron
IVCONN
cC OVP res

Post Clamp

Rd
ESD

ABS max

OVP res
SBU /
USB sw Post Clamp

Ron/Con
BW

451

4x3 WLCSP
1.67 x1.27 mm

4CH ( CC & D+/- or SBU)

28V
250mQ
1.20A
60ns

Yes

Yes
IEC ( 15KV / 8KV)

28V
45ns
Yes

4Q | 6pF
1.5GHz

16-pin UMLP
2.6 x1.8mm

2CH CC/ Dual SPDT

24V
350mQ
1.25A
500ns

No

Yes
IEC ( 15KV / 8KV)

16V
500ns
No

5Q/ 4pF
1.4GHz

20-pin QFN
3.0x 3.0 mm

4CH ( CC & D+/- or SBU)

24V
392mQ
600mA

70ns

Yes

Yes
IEC ( 15KV / 8KV)

24V
70ns
Yes

4Q | 6pF
1GHz

J

Smallest package size

Higher Rating voltage

Competitor has slow response. High VBUS can
be passed without post clamp.

16V is not suitable to protect VBUS 20V

Competitor has slow response. High VBUS can
be passed without post clamp.

Ron/Con combination limit bandwidth

h
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NX20P0407 Benefits — CC/SBU OVP Behaviour

| 4

W Xl CC1 Hot plug short to 20V s A
58 . 0 = = T

Competitor
: OVP response time = 0.5us typ
No post-clamp circuit.

The VBUS voltage can be passed for
0.5us. it cause CC/PD IC damage.

NX20P0407
: OVP response time = 50ns typ.
CC Clamp at 6.1 due to Post-clamp

VBUS is clamped by post clamp
circuit, SW is turned off in 50ns.
CC/PD IC is well protected

Eye Diagram Without NX20P0407 Eye Diagram With NX20P0407

452
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Competitor's Dead Battery Behaviour
Without Make-Before-Break Switching Action

Math Analyze

re Math Analyze

4. Charger generales VSYS
)
v

SEap Uy

from £\
Tam O\

<
s
3
g
g
3
2

SUOM 1E3LAA

6. CC Switch goes on and

Rd in PHY s 0n

811 ws 16) ws

o 200 ms/ 1.0000000000 ms L 50.0 ms/ 11.0000(
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NX20P0407: Layout for Non-HDI PCB

454

Type C
Connector
VBUS VBUS
_
VSYS
[
1UFI FLAG
— SBUEN
NX20P0407
cc1 CON_CC1 cc1 cc1
cc2 CON_CC2 cc2 cc2
SBU1 CON_SBU1 SBU1
SBU2 CON_SBU2 ~ SBU2
GND

PTN5110
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NX20P0408 — USB Type-C D+/D- Protection

Features and Benefits

- USB Type-C DP & DN short protection to VBUS NX20P0408

— © 4 VSYS | | FLAG

CON_DP / CON_DN: +28VDC o] ] B

- High speed Bandwidth: 1.5GHz (capable of USB k 7

HS signals) Conor, 4TSS —o%
- Low Rdson switch _ —r1 =

- DP & DN Switch: 4Q ULy 3

T T

- 35V Surge protection on CON_DP /CON_DN -
- Fast OVP turn-off time: 60ns
- 1.27 x 1.67 mm 12 WLCSP with 0.4 mm pitch
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NX20P0408 — Recommended Routing for Non-HDI PCB

h
P
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POWER LINE
MODEM



Power Line Modem Value Proposition

Why used?

Enables two-way communication between smart meters and
appliances, for building automation

- Allow smart meters to track utilization by individual components

- Robust solution with zero-crossing detection and redundancy protocol

458

Where used?

Smart Energy Systems

Solar Panel Systems

Remote Diagnostics & Control
Building Automation

HVAC Systems

Home appliance control (air conditioning, shutters, lighting, alarms,
etc.)

Building security systems
Intelligent power receptacles
Energy (heating and cooling) control

Why NXP PLC Modem?

Design requires few external components for low cost applications
NXP software support (LPC1114 MO Cortex MCU)

| Ballast
TDAS051A

o
2

E i‘««
=\

J

| e |
Ballast | |Ballasl
[TDAS051A | TDAS051A

| TDA5051A |



http://www.theenergydetective.com/

TDAS051A: PLC Modem Application

+ Features

Full digital carrier generation and shaping

Modulation/demodulation frequency set by clock adjustment, from
microcontroller or on-chip oscillator

High clock rate of 6-bit D/A converter for rejection of aliasing
components

Fully integrated output power stage with overload protection
Automatic gain control at receiver input

8-bit A/D and narrow digital filtering

Digital demodulation delivering baseband data

Easy compliance with EN50065-1 with simple coupling network
Few external components for low cost applications

S016 plastic package

Application Note (AN10903) available

- Applications

459

ASK (Amplitude Shift Keying) data transmission using existing power
network (up to 3,000 feet)

May be used with a galvanic isolated power transformer (but not
through a multi-phase transformer)

May be used to transmit data over an AC or DC power line

TS5 A

DGND  AGND  Vpps  Vpop

mmmmmmmmm

T TDAS051

TEST1 SCANTEST
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TDAS051A: Demonstration Kit (OM13313)

» PLM interface connector — /i
- A demo kit consists of two demo boards with AC power » TDAS0S1A PLM IC
CordS attached ’ grsgg.l) MHz fundamental ..
- Evaluation board can be used for a 230-V (AC 50 Hz), a e odinaon
120 V (AC 60 Hz), or a 0-V to 48-V DC mains power line » Power Line inputs

- If a galvanic isolated power transformer is used, it should
be placed between the AC power line and the PLM
evaluation board

- Select a power line plug/cable depending on power line & ¢ i o
supply voltage and safety enclosure used in test bench e o
setup . ) Rt o ‘
- A user manual UM10422 is provided —— Ny ) ® =
I | P I e gt &
! 51: aux curfl
— 385 ¢ &
B |9 TO0
T | - L "’I_ -

Available on eDemoboard

\r
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TDAS051A: Master/Slave Lighting Demo Kit (OM13314)

A demo kit consists of two demonstration units with AC power

cords attached

- Master unit has 4 switches to select all four LEDs or individual LED
on the slave unit, and to turn on/off or adjust brightness of selected

LED(s)
- Slave unit that drives LEDs

- Evaluation board can be used for a 230-V (AC 50 Hz), a 120
V (AC 60 Hz), or a 0-V to 48-V DC mains power line

If a galvanic isolated power transformer is used, it should be
placed between the AC power line and the PLM evaluation

board

Select a power line plug/cable depending on power line
supply voltage and safety enclosure used in test bench setup

A user manual UM10495 is provided
Sample software will be included

Available on eDemoboard

461

4 Slave Unit

LM

On Dlm Dm\ Sel
- UD Dn JLED )
fo '1 "-r
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F Solution for Detecting Water Level

Auto-refill water dispenser consists of ultrasound
transducer, peak detector and microcontroller

The system is switched between transducer transmit and
receiver mode with a T/R Switch

The Analog IF Subsystem consists of high gain limiting IF
amplifiers and a high dynamic range RSSI amplifier that
drives the peak detector

.
$j I*:qi/

Contalner

/ Sensors

f/_—

| Container -

Patent No.: US 7,673,661 B2 (March 9, 2010)

Ultrasound Ultrasound
Transducer Transducer Driver
I & Pulse Shaper
I_ T/R

Switch

Matching
Network

VDD =+ 5V

Analog IF

Subsystem with
RSSI Output

FFT
Peak
Detector )
(SA614A) |
<€
<€ ip;/Fg — Filtering
<€

Microcontroller
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SA614A: Low-Voltage FM Subsystem

464

IF amp, Limiter amp, RSSI and Quadrature Detector,
and muted and unmuted audio output

Supply voltage range from 4.5V to 8.0V
Supply current of 3.3mA (typical)

IF BW =28 MHz

S016 Package

SA614AHR is SA614AD die in 3mm X 3mm x 0.5mm
16-pin HXQFN package

Support documents:
— ANI199: Designing with SA604A
— AN1993: High Sensitivity Applications of Low-Power
RF/IF Integrated Circuits
— AN1991: Audio Decibel Level Detector with Meter
Driver

25 33

-30 -42
68
OmV 160mV 800mV
1.7V 2.5V 3.3V
3.6V 4.8V 5.8V
80
+2.0
- 5
$ g 3 8
= & K 5
1% %sj u} {13
vee [ 1 12_IF Dec
Rssiout [ 2 | | IF Amp Out
kit Audio Out [ 5] SAG14AHR % oo
Audo Ot |4 o jumn
aioioio
§ 55 5§
s ER ¥

NX
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Low-Voltage Single-Pole Double-Throw (SPDT) Switch

- Features:
- SA630D/01 is available in SO8 and CSP8 Packages
Wideband (DC to 1GHz)
Low Through-loss (1 dB typ at 200MHZz)
Excellent Overload Capability (+18dBm at 300MHz)
Low DC Power (170mA at 5V)
Fast Switching (20ns typ)
Good Isolation (off channel isolation 60dB at 100MHz) o
Low Distortion (IP3 intercept +33dBm)
- Good 50 ohm match (18dB return loss at 400MHZz) ]
- Bidirectional Operational T =

i
L] ]—:
~. " .__L_L_
. : - =
- Applications: vt e Jf—2 'L}T I_X sovas
—— o

- Digital transceiver front-end switch
- Antenna switch

- Filter selector

- Video switch

- FSK transmitter

o
=

oM TRR.
LOGAT

L
|__
|
||
1|
||
|
|
|
A
"!
-
f
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1°C Fm+ Development Kit ( )

467

Fm+ Development Board Kit

OM13320

* Explore the 12C-Bus

* Run demonstrations of NXP's 12C Fm+ Slaves
and Bus Controllers

* Develop 12C Hardware
* Expand this kit with add-on 12C Daughter Cards

BOX CONTENTS:

OM13260 Fm+ Development Board

Plus

* OM13303 GPIO Target BRD (x2)

* OM13398 PCA9617A Bus Buffer Demo Board
* OM13399 Bridge Board

* Cables and Mounting Hardware



http://www.nxp.com/demoboard/OM13320.html

1°C Fm+ Development Kit (OM13320)

Modular evaluation board for I°C-bus Fast-mode plus
(Fm+) devices

Easy experimentation and training board

Used to develop software and evaluate device
performance

GPIO Expander

LED Controller

Bus Buffer

Bus Controller
Temperature Sensor

- Stepper Motor Controller

USB connection for direct control of peripheral devices
with GUI

Standalone processor for developing code to control
peripheral devices

Used in conjunction with associated daughter cards for
GPIO Expanders, LED Controllers, Temperature
Sensors, Bus Buffers, etc.

468

Example
Daughter Card
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http://www.nxp.com/documents/leaflet/OM13320InstallGuidePreliminary.pdf

SECURE CONNECTIONS
FOR A SMARTER WORLD
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