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Industrial Automation

ON Semiconductor
Technologies Enabler

| ‘ I Q%EE *650 - 1200 V SiC MOSFET
" *650 - 1200 V SiC Diode
{ Py Cr ted Light (1 )
— — 1650 - 1200V 1GBT
* Low - Mid - High Voltage Si FET

A
5 B

* High Voltage Gate Driver

* Module
P EIEe W
e III i

* Digital Isolator

* Current sense OpAmp
*LDO

* eFuse

« EEPROM

* Temp sensor

* ESD Protection

W
]

W]

d al Drive Asset Management

* Switching Diode
» Zener Diode

* Schottky Diode
* BJT

onsemi
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onsemi

3 Phase Power stage

Temp Sense
N34TS04

Main Body

Current Sense
NCS21x

Power Inputs

© onsemi 2022

EEPROM
CAT24xxx

E3

Public Information

BMS +
Protector IC
Charge/Dis-charge

Soldtion
Secondary
Primary side Ctrl
Power Factor
Correction
Input Bridge
Rectification

13
E
14
3
E
éz
13
ESD/Surge
Protection

Power Too|
=



AC Servo

Bridge

AC
Rectifier

v

Power management

“ — m—

Zener
Diode

Brake 3 Phase Power Inverter

IGBT, Rectifier, Module IGBT, Module

Gate Driver

IGBT Gate Driver
Digital Isolator

1

ESD
Protection

© onsemi 2022

Public Information

pP System
Sicnal o icati
# *

IC, Protection & Signal Solution

>

OpAmp
OpAmp

Logic

Isolated

OpAmp BJT
Digital

Transistor

Diode

Encoder

T

OpAmp
OpAmp

ESD
Protection

EEPROM

onsemi



Motor Control

3-Phase Motor Drive [
NCP71x NCP730
VIN 24V VIN 38V, 150mA
TSOP-5, WDFN6 TSOP-5, WDFN6
5V
% 3.3V/5V 300mA
3 Phase
NCP730: ) NCS211R
AN sTinr U o
° i Digital
38V VIN Operating |
*150mA Output
.15V LDO Output "
s
NCS211R
NCP71x: ‘ NCD57252 Hs
«24V VIN Operating
3.3V LDO Output s
NCS211R:
Isense *Wide Common Mode Input range: -0.3V to 26V
NCS211R *VOS: 35uV (max).
*VOS Dirift: 0.5uV/°C (max).
mr
5 Public Information ~ © onsemi 2022 onse ‘-




Robotics / Machine Vision

Control Box

l f ESD
: Protection

Protection

Manipulator

T

Axis Motor (X&)

T

Electric Motar (X3)

Switching Zener
Diode Diode

g Power Supply  ammmd Controller By Communication

VDC Supply Bus

Motor Driver

Protection and
Sensing

]— Motor Control —
Motor Driver

Image Sensor

Power & Data

Motor Control

Safety & Passive Bracking

ensing Hub

IC, Protection & Signal Solution

Touch Screen
Controller
ESD
Protection

i

Environment Sensing

Internal Sensing

1

Human Machine Interface

*

BJT

Digital
Transistor

Diode

Pressure

3D Image

RADAR

LIiDAR

Isense

—r Hall Effect

Temperature

sense

Public Information © onsemi 2022
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Products Line up — LDOs

(mA) (V) (V) (dB) (LVrms) (UA)
100 18 75 240 25

NCP711
NCP715

NCP716
NCP716BC

NCP718

NCP730
NCP731New

NCP1117

NCP781

NCP170

NCP163
NCP177
NCP187
NCP164 (150°c)
NCP189New

NCP59801New

50

80
250

300

150
150

1,000

100

150

250
500
1,200
300
500

1,000

24

24
24

24

38
38

20

150

5.5

5.5

5.5

5.5

5.5

5.5

55

3.0, 3.3,5.0, ADJ
1.2,15,18,25,3.0,3.3,5.0,

53 60@100kHz
1.2,15,1.8,25,3.0,3.3,5.0 60@100kHz
3.0, 3.3, 3.45, 5.0, 55
1.2,15,18,25,3.0,3.3,5.0, 60

ADJ
25,28,3.0,3.3,5.0,15, ADJ 70@10kHz
3.3,5.0, ADJ 75
1.2,15,1.8,25,3.3,5.0, 20
ADJ
3.3,5.0,15.0, ADJ 83
1.2,1.35,15,1.8,1.9,2.1,
2.5,2.8,2.85,3.0,3.1, 3.3, 63
3.6
1.2,13,15,1.8,25, 2.6, 2.7, 92
2.8,2.9,3.0,33,50
15,18,3.3 75
0.8,1.2,3.3, ADJ 75
1.2,1.8, 2.8, 3.3, ADJ 85
1.2,1.8,3.3, ADJ 85
1.8, 3.3, ADJ 85

Public Information

65

120
80

36

195

130

85

6.5

54

15

10

10

© onsemi 2022

5.8

5.8
4.7

8.0

2.5
100

10,000

55

0.9

20
90
45
40
55

55

TSOP-5, WDFNWG6_2x2
TSOP-5, SC70-5, XDFN6

WDFNG6_2x2
TSOP-5

TSOT23-5, WDFNG6_2x2

TSOP-5, WDFNW6_2x2
MSOPS_3x3

SOT223-4, DPAK3

DFN6_3.3x3.3

TSOP-5, XDFN-4, SOT563-6

XDFN4, TSOP-5, WLCSP4
XDFN4_1x1
WDFN6_2x2, WDFNW6_2x2
WDFN6_2x2, TSOP-5
WDFNW6_2x2

WDFNW6_2x2, DFNW8 3x3

onsemi



Products Line up — OpAmps

VS Max VOS Max GBW Typ SR Typ
OF AMP (MHz) (V/us)
5.5 0.35 0.1

NCS2187x 1/2/4 0.045 TSOP5, SC70, UDFN8, Micro8, SOIC8, SOIC14, TSSOP14

| nesaienc |

1/2/4 5.5 0.01 0.35 0.15 TSOP5, SC70, Micro8, SOIC8, UDFN8, SOIC14, TSSOP14

1/2/4 55 0.01 1.5 0.7 TSOP5, SC70, UDFN8, Micro8, TSSOP14

1 55 1.05 10 0.5 SOT23-5

1/2/4 55 4 5 6 TSOPS5, Micro8, SOIC8, TSSOP8, SOIC14

1/2/14 55 3.5 3 1.2 TSOP5, SC70, UDFN6, Micro8, SOIC8, TSSOP8, SOIC14, TSSOP14
1/2/4 55 3.5 1.2 0.4 TSOP5, SC70, UDFNG6, Micro8, SOIC8, TSSOP8, SOIC14, TSSOP14
1/2/4 36 3.5 3 2.7 TSOP5, SOT553, Micro8, SOIC8, TSSOP8, SOIC14, TSSOP14

1/2/4 36 0.025 2 1.6 TSOP5, Micro8™, SOIC8, SOIC14, TSSOP14

1/2/4 36 1.50 3 2.7 TSOP5, SC70, SOT553, SOIC8, UDFN8, SOIC14, TSSOP14

26 26 0.035 90 1 50, 100, 200, 500  SC70-6, UQFN10

40 55 0.5 350 2 20, 50, 100, 200 SC70-6, UQFN10

80 55 0.3 100 1 14, 20 SOIC8, Micro8™

80 55 0.3 100 1 14, 20, 50, 100 SOIC8, Micro8™

8 Public Information © onsemi 2022 Onsel I “



Products Line up — HV GDs, Digital Isolators

. . : Output
1 Y

NCD57100/1

Isolated High Current and High Efficiency, with Internal 1 .
Galvanic Isolation./ Single output source/sink. LT 1210 18 S0IC16Wiae

| neos7iomn

Isolated Dual-Channel IGBT/MOSFET Gate Driver 2 Y +6.5A/-6.5A 12t0 12.9 SOIC16 Wide

Isolated High Current 1 Y +6.5A/-6.5A 12t012.9 SOIC8

Issgilastgd Compact IGBT Gate Driver with DESAT/ Current 1 v +7A/-7 BA 1210 12.9 solcs

ggﬂgﬂ,ﬁ‘g‘s‘;ﬁ?ﬁﬂ Gate Driver with Miller 1 v +6.5A/-6.5A 1210 12.9 solcs

Isolated Dual-Channel IGBT/MOSFET Gate Driver 2 Y +6.5A/-6.5A AU SOIC14 Wide
NCID9400 NCID9410

, : , —

T B

2 N 5 8 150 50 SOIC16W o - N 1

2 Y 5 8 100 50 SOIC16W . 411&2 el

3 Y 5 8 100 15 SOIC16W - S

3 Y 5 8 100 15 SOIC16W NCID9401

4 N 5 8 100 10 SOIC16W bk T e

4 v 5 8 100 10 SOIC16W -

4 N 5 8 100 10 SOIC16W o g3 e

4 Y 5 8 100 10 SOIC16W GNND? I ZZ:;

onsemi

9 Public Information © onsemi 2022



Products Line up — EEPROMSs

Temperature

SPI 8 kb

Operation

SOIC8,TSSOPS, . SOIC8,TSSOPS,
CAT24C08 12C 8kb 1.7Vto55V  125°C  UDFNS8, TSOT23, CAT25080 1.8V10 5.5V 125%C UDFNS
WLCSP4/5
e CeoE CAT25160 SPI 16 kb 1.8V t05.5V 125°C SO'CS[')TFSN%OPB’
CAT24C16 I2C  16kb 1.7Vto55V  125°C  UDFNS, TSOT23,
- LT CAT25320 SPI 32kb 1.8V to 5.5V 125°C SO'CSE’)TFSNSE;OP&
SOIC8,TSSOPS,
CAT24C32 I2C  32kb 17Vto55V  125°C UDFNS, CAT25640 SPI 64kb  1.8V105.5V 125°C SOICJB[’)T,:SN%OP&
WLCSP4/5
SOIC8,TSSOPS, CAT25128 SPI 128 kb 1.8V to 5.5V 125°C SU%ESQ?%%E%
CAT24C64 I2C  64kb 1.7Vto55V  125°C UDFNS, :
WLCSP4/5 CAT25256 SPI 256 kb 1.8V to 5.5V 125°C SO'CSI’DTFS,\I%OPB’
. SOIC8,TSSOPS,
CAT24C128 I2C  128kb 1.8V to 5.5V 125°C UDENS CAT25512 Sp 512 kb 1.8V to 5.5V 125°C SOICUSE,)TFSNS80P8,
. SOIC8,TSSOPS,
CAT24C256 I2C~ 256kb 1.8Vt055V  125°C UDENS CAT25M01 SPI 1Mb  1.8Vto5.5V 125°C  SOIC8,TSSOP8
CAT24C512 I2C  512kb 18Vio55v  1250¢  SOIC8TSSOPS,
UDFN8 . : SOIC8,TSSOPS
St S O/ Nklor/ =0 Micro Wire  8kb 1.8V to 5.5V 125°C UbENE
CAT24M01 2C  1Mb 1.8Vto55V  125°C ! !
UDFNS _ _ SOIC8,TSSOPS,
(o) N k[ot: =0 Micro Wire 16 kb 1.8V to 5.5V 125°C UbENG
N24C08UDTG (ke 8kb 1.7Vto55V  125°C uss
NPZIeGEeifel 12C  16kb 1.7Vto55V  125°C uss
NpZloxplioifed 12C  32kb 1.7Vto55V  125°C uss
NI INoifed 12C  64kb 1.7Vio55V  125°C uss O n S e mi

BN
o

Public Information © onsemi 2022



Products Line up — Buffer BJTs, ESD Protections

11

CPH5520-TL-E

CPH5524-TL-E

NSS40302PD

ESD Protection

for CAN

ESDL4151

NUP2124

NUP2105

NUP2125

NUP2128

NUP3105

NUP3125

Package Size

(mm)

1.0x0.60

1.0x1.0

29x24

21x21

21x2.1

29x2.4

2.1x2.1

Complementary

Complementary

Complementary

X4DFN2
XDFNW3
SOT-23
SOT-323-3
SOT-323-3

SOT-23

SOT-323-3

+50 +2 +5

Package Type

Polarity

Bidirectional
Bidirectional
Bidirectional
Bidirectional
Bidirectional
Bidirectional

Bidirectional

-330(PNP) CPH5
- 260(NPN) (SOT25)
s -230(PNP) CPH5
- 130(NPN) (SOT25)
-95(PNP)
+6 SO(NPN) solcs

Ipp (8X201S)

Verwm (V) A)

24 8 3
24 25 10
24 7 3
26.5 11 3
32 13 10
32 6 2

Public Information © onsemi 2022

p— L1

39

42

44

46

62

57

Ve @ lpp (V)

Ve @ 8 A TLP (V)

37

NA

42

NA

@)
Y ¢

@)
NA
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Products Line up — eFuses

Votage.  (Tolerance) oo RCP TSD EN o owe (TR JUIC G MON Pe PR
NIS6350 4-6V 10v 3A O O O O O O X O O X WDFN10
NIS6150 4-6V 10v 1A O O O O O O X O O X WDFN10
NIS4461 7-24V 30V 4.6A X O O O O O O O O X WDFN10
NIS6452 3-5V 14V 5A @) @) @) @) @) @) @) @) @) X WDFN10
NIS5420 7-15V 18V 4.6A X O O O O O O O O X WDFN10
NIS6420 3-15V 16V 5A O O O O O O O O O X WQFN12
NIS3071 Dev 12-60V 60V 10A X O O O O O O O X X WQFN16

onsemi

12 Public Information © onsemi 2022



13

eFuse
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What is an eFuse? (Electronic Fuse)

An eFuse is alot more than a fusel!
Integrated Overcurrent, thermal & Overvoltage
protection solution

O

Pass-transistor +
Control circuit

Protects by preventing damage to connectors, PCB
traces and downstream components

‘§
%
’

)

Current
Monitor

Used in hot-plug situations and applications where
power glitches or load faults are common, & in any system
requiring inrush/outrush current limiting

stics

Onsemi defined the term “eFuse” and
released the first eFuses to market,

enjoying a monopoly for 6 years

14 Public Information © onsemi 2022

Ireverse

Report a
problem

FAULT
ENABLE

€—X—
i

Reverse Current
Protection

% Short to
Battery

sal protection
d prevention

Short to
Ground
Protection

: : ermal
TR T &
,,,,, . nal safety

Overcurrent & thermal
Protection

Protection

Overvoltage
Protection

power
hes/drift

onsemi



eFuse Discovery Questions Applications

Overcurrent/ s
Do you need to protect critical elements in your system Overvoltage Protection
against overcurrent and overvoltage stress? Rep | aces
Overcurrent/ o = -
Are you worried about hot-plug event damaging Overvoltage Protection ( i |
downstream circuitry? . . - —
I Slow-blow Telematics Automotive
. l L Unit Lighting
fuse .
Reverse Current | |
Does your application need ORing? Blocking > N\ I ﬂ’] H i r —
> ' I ‘
- ~ = 53
PPTC .
Reverse Current | I | e Thermostat |
Does the system have a capacitor that needs to retain Blocking I .
its charge even after powering down the system? . I{e l p N
I ! :
. Auto-retry = Blade Fuses ! ﬁ
Does the system have a large capacitor that needs to be [KeloizFRoIx I " :
. L. g I Enterprise Servers/Storage
charged every time you turn the system on? In-rush Current Limiting \ j . \ /
| =D |
Slow-blow fuse * g ™\
Do you want to measure the load current in real-time for SN I I I < g
implementing system level diagnostics? I I Enterprise  Nearline
. HDD HDD
. \ y,
: !
Does your system require synchronized turn-on/off of Tri-state Enable/Fault I . — N
same voltage or different voltage rails? . DCRelays / GSM
Gateway 33V, 5V, 12V
L POLs |

PGOOD

Do you need power sequencing in your application?

mr
15 Public Information © onsemi 2022 Onse ‘m




16

eFuse Thermal Performance Optimization

Design Optimization

Control Circuitry

Thermo-electrical optimization is performed through simulations

SenseFET and Temperature sensor location optimization for precise
current and temperature monitoring

We ensure unconditional safety — no SOA concerns

Public Information

302

SENsor

S

Poor Design

Time: 6.03534411165 m:

Temp Current

sensor

Com

parison

Good Design

Temp Current
sensor

Senser

Trip Time [ms]

18.0

Trip Time vs. Pk Power

16.0

14.0

12.0

10.0

Poa r,de5|gn

s

——r.

35.0

55.0

75.0 95.0 115.0

Peak Power [W] Good deSIgn

Much faster response: unconditionally safe (no SOA concerns)

© onsemi 2022
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Key Applications: Industrial

Industrial (Automation)

Digital Inputs

ﬁm! [TV

Input power supply +24V GND

A 2 Y

eFuse
Energy Storage
/ Supercap for

~ oe/c
vercofor
ESD/Surge

Digital Outputs

Central Processing Unit

Analog/Digital Input

T

Analog/Digital Output

[

Analog Inputs

e

W |

ot

eFuse

Schottky

i Digital
Interface
- Processor
* Profibus
LED Driver o Eheshah
(@)
Wit | crer | ' wieesinerace
Antenna
Color Legend
Outside ON

= Analog Outputs

»0fe

Motor Control and Power Tools

diit
(]
3
[=4

193

(]
<+

eFuse
=T T =
v
v
= v v Motor
Driver
J bcoc | | o :
’| Converter hiec )
1 Brushed DC Motor
eFuse
b | A L

DC-DC

Converter Mc

L 2

Pre

x

A

<)
_ . .
’ 3
 Driver | Inverter >
; - - g
’] -

Brushless DC Motor

Telecom

17

<32V or = 56V

eFuse

R

eFuse

eFuse

2y
T M il
o T T
> > >

eFuse

RFPA

1

Public Information

Input power supply

+24V GND

v v
| Supply IN
12V Relays

wlelalat

Outputs
nputs cPU

)=

Digital Outputs

© onsemi 2022

12V Solenoid Valves

s eisineln

—
Analog Outputs

12V eFuse

eFuse driving solenoid valve

R R R

+12V
Supply ¢
IN ‘GND

O O NS

Operation within SOA cannotbe guaranteed
Bulky

Limited lifetime

No inbuilt programmability and diagnostics
Switching shows chattering

Unconditional safety (No SOA concerns)
Smaller footprint

Longer lifetime

Programmability

Smooth switching without chattering

Faultreportingand diagnostics

onsemi



24-48V Industrial Power

Increased bus voltages

— Increased power demands Industrial
— 0.5~5A 10-20A, 24-48V

— Needs to sustain 35V for 1min

Mechanical

switch
Ptc sensor
. o FEET

S SFET
—J l Rgate c level ®
Rdiag =

[1 Gnd Choot[] —-r

Input Signal V' Diag AUIR3200S — 100nF
Load H
Integrate

~
Hot-swap controller

onsemi
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LDOs

Public Information © onsemi 2022

onsemi



20

Why Drop the Vregs?

OPN lout Vlﬁ‘:)‘(BS VOUT_max Ig max Ignd Min Load Accuracy Dropout Enable/
(mA) V) (V) (MA) (MA) (MA) (%) (V) PowerGood

NCP730 150 40 24 1.5 450 N/A 1 0.48 Y/Y
LM317L 100 40 37 100* 105 2500 4x* 1.5 N/N
LM317M 500 40 37 100* 105 10000 4** 1.5 N/N
LM317 1500 40 37 100* 105 10000 4** 1.5 N/N
MC78M 500 35 15 3200 6000 N/A 4 2 N/N
MC78L 100 40 24 4400 6500 N/A 5 1.7 N/N

*In addition to minimum load requirements

**Voltage reference accuracy

Power Savings

= Low self consumption with and without load: 5x — 20x reduction
*  Fun math: Install base of 1MU means savings of 100 to 400 kW!

= True ldle/Sleep implementation
* No minimum load requirement means new chipsets with ultra low power consumption can be used

= Single device covers all conversion needs, minimizing BOM
=  Wide Vin with low dropout allows usage for all rails from 3V to 24V+

= Enables use of modern MCUs, ADCs and sensors without risk of brownout
» High accuracy combined with exceptional load/line transient regulation provides stable output voltage

=  Allow complex power supplies with sequencing and improved brownout protection with fewer components
= On-chip Enable and Power Good functions

Public Information © onsemi 2022
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Linear Regulator Key Performance Evolution

High Temperature High PSRR Wide-Vin + Low Iq

Wide-Vin + Low Iq
High PSRR, Low Noise
Improved Efficiency
Higher Operating
Junction Temperature

EZ],

Low Power

Consumption

Energy
saving

- Battery life for battery
connected applications

» Ultra-low Iq to support power
budget requirements

«Improved Image Quality
with High PSRR

«Low noise interference

*Lower voltage dropout &

* Transistors specifically tighter accuracy

designed for these higher . ) . . .
temperatures of operation Uitra-low Quiescent with Ultra-low noise <
Currents down :
*Exposed Pad improving * Reduce standby and slee 1Oqurms,freduc|ngI
power density ’ y P number of externa

_ ) : mode current in battery combonents
*Tj=Ta + Pd * Reja

onsemi
Public Information © onsemi 2022 ‘



Industrial LDO Roadmap

NCP737
100mA 60v 5pA 1% PG ADJ
3x3 DFNW8 MSOPS8

NCP733
300mA 38v 3pA ADJ
WDFNW6 MSOP8

Production

Development

Planning

Exploring

S

A
150V P NCP781
100mA 150V 25uAlq ADJ
o 3.3x3.3 DFN6
=]
ps
g 40V NCP730 NCP731
= 150mA 38Vin 1.3uA ADJ PG 150mA 38V 8uVrms ADJ
2 TSOP-5 2x2 WDFN6 3x3 MSOP8
<4}
z NCP716B / BC NCP718
= <24V 150 mA 3.2uAlq 24VIN 300mA 24VIN 4uAlq ADJ
TSOP-5 WDFN-6, TSOT23-5
NCP711
100mA 18VIN 1.3uA ADJ PG
TSOP-5 2x2 WDFN6
NCP187 NCP59801
1.2A PG, ADJ 15uVrms 75dB 1A 10pVrms 1% PG SS
2x2 WDFNW6 2x2 WDFNW6, 3x3 DFNW8
[«4]
=7}
2 500mA gl g'/P15747v NCP189
L e 500mA 10pVrms 1% PG SS
= 1x1 XDEN4 2x2 WDFNW6 3x3 DFNW8
2 5V
; NC163 /1 NCP164
) 250/450mA 10uVrms 90dB 300mA 9uVrms 90dB, PG ADJ
~ 1x1 XDFN4 TSOP-5 WLCSP4 TSOP-5, 2x2 WDFN6
NCP170 NCP171 NCP172
150mA 500 nAlqg 80mA 50nA Iq Dual Pwr Mode 25mA 90 nA
TSOP-5, XDFN4, SOT-563 1.2x1.2 XDFN4 XDFN4_1x1 WLCSP
Today 2023 2024
22 Public Information © onsemi 2022
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3-Phase Block Diagram (12V to 700V DC Rail)

NCP730:
«38V VIN Operating
*150mA Output
*15V LDO Output

NCP71x:
«24V VIN Operating
«3.3V LDO Output

23

sense

3-Phase Motor Drive [
=

HS 300mA
LS

1maQ 3 Phase

BLDC Motor
U
y

HS
LS

imQ
HS

LS

NCS211R:
*Wide Common Mode Input range: -0.3V to 26V

Public Information © onsemi 2022

*VOS: 35uV (max).
*\VOS Drift: 0.5uV/°C (max).
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Servo Motors

AC-DC

Bridge PWM
Diode Controller

Gate
Driver

Current
Sensing

Hall

Sensor

LDO
NCP16x, NCP110

v" AC Motor is recommendable for industrial
robot where high precision is highly required

v Brushless Motor is more reliable, creating
less noise, highly efficient while brushed
motor is less expensive.

v The speed of Motor and position are

directly proportional to the supplied voltage
and Pulse duration.

NCP110 52 200 0.6-4.0 95 8.8 110 20 XDFN4
MCU, ARM
NCP164 Vew 55 300 1.2-5, ADJ 85 9 110 30 WDFN-6_2x2, TSOP-5
NCP715 24 50 1.2-5.0 60 @ 100kHz 65 230 3.2 XDFN-6, SC-70, TSOP-5
NCP716BC Vev 24 150 3.0, 3.3, 3.45, 5.0 53 @ 100kHz 115 600 3.2 TSOP-5
Wide-Input
NCP718 24 300 1.5 - 5.0, ADJ 60 36 300 4.0 WDFN-6, TSOP-5
NCP730 New 40 150 1.2-24, ADJ 70 500 290 1.3 WDFN-6, TSOP-5
High Voltage NCP781 150 100 3.3-15, ADJ 83 130 4V 25 DFN-6

Public Information

© onsemi 2022
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Power Tools: Why ON’s LDO is the Best In Class!

Power Tool is moving to higher power, higher precision .
and low power consumption for residential and for |

construction purpose. More tools company provide L LDO(NEZ;;;\;CPBO'
flexible battery utilization by allowing users to switch the ml
battery voltage from parallel to serial vise versa. = o T ower
L < =
y n g I MCU / Gate Driver
s I 5 Cell : 18V
Diode _ 7 |10cell: 36v
15 cell : 54V

Why ON’s LDO be used for Power Tool

v' Robust operation @ extreme condition at highest temperature pplicatio P/N woeat | |LOAD 1kHz ouT Q Package
v The lowest quiescent current consumption = Reduce charging n v) (mA) (dB) (V) | (uA)
time interval
v' Safe Operating Area with Protection function (Thermal, Current) NCP711 New 18 100 | 70@10kHz 1'§'D§4 1.3 'WDFN-6, TSOP-5
s Highl\imit -23’ WDFN’ DFN6 2- XDFN-6, SC-70
2 = Stable @ wide temp -40c to > NCP715 24 50 60 @ 100kHz 1.2-5.0 | 3.2 TSOP-5
s — 125¢ 3
g P - Lowest Iq : 1.3uA @ 25¢ £ NCP716BC Vv | 24 150 53 @ 100kHz 3.0, 3.3,5 3.2 TSOP-5
e 1.7 o—
= - w Thermal Shutdown @ 165C 3
g P - e ] = NCP718 24 | 300 60 1.5-5.0 4 WDFN-6, TSOP-5
Y 13 —
a -~ @ Q.
3 L [ -
I vz = NCP730 New 38 | 150  70@10kHz = 2224 | 1.3 WDFN-6, TSOP-5
03 ™| Enable pin pull-up current (0.3 pA) included | | loyr= 0 mA WDFN (2*2) 0 % ADJ
0.7 I I I I I I I -
: @ = 3.3,5,15
R J?JNCI‘I(::TEM32RATU::.TII":? o ‘ = NCP781 150 100 83 ADJ 25 DFN-6
TSOP-5 DFN-6 (3.3x3.3)

mr
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NCP711 - 18V, 100mA, 1uA Iq LDO with Power Good

Value Proposition: Wide-Input Voltage, Low Iq, Low Dropout

The NCP711 is a next generation CMOS LDO regulator designed for up to 18V input voltage and 100mA output current. Designed to meet the
requirements for industrial wide-input voltage circuits. The NCP711 device provides ultra-low quiescent current of only 1TuA up to 125°C, which
makes this device ideal solution for battery powered application. Output voltage can be set from 1.2 to 17V. The device also offer excellent
load/line transient regulation and output Power Good function to reset MCU. This device is available in TSOP-5 and WDFN6_2x2 packages.

Unigue Features

« 2.7V t0 18V input voltage « Can support multi-cell battery application
« Ultra-Low Iq : TuA typ « Extend battery life / save power
« Built-in Soft Start Circuit « Can suppress inrush current to protect IC

« Power Good function (Ver B) * Canreset MCU to avoid malfunction

Other Features

« Fixed & Adjustable Voltage Options Available: 1.2V to 17V

» +1% Accuracy @ Tj: -40°C ~ +85°C

« 215mV typical dropout @ 100mA of output current, 3.3Vout
« Short Circuit Protection, Thermal Shutdown Protection

« Stable with TuF ceramic capacitor

Market & Applications

Battery-Powered Power Tool and Equipment

Smart Metering, Smoke Detector ==

Industrial Automation, Home Automation enCTs

5

4

T our OUT L.
NC/ADJ[ 2] EP :I5]NC/PG
i v-

GND|[ 3} a)En

[T NG/ADJ/PG

IT, Home Appliances
Telecom Infrastructure

26

DFN-6 (2*2)

Public Information

Application Data (WDFN-6)

Enable pin. L = ] H]V'" I
Shutdown T v W )
current ~100nA A5 e J: Wide input range
% =N Poxced s '
1 [ =
Shundonn 7t Ranit l“‘F
_ ]ADJIFB L
GND gmkﬂ
Q; I:l % " Rapy2
JI_ Vref1'0.93
cTPG ]— T,Tg;cnd []F’G :PG
°"’G$ I/ Power Good
—> function for
MCU reset

Ordering & Package Information

+ Samples: Now
 Release to Production: Now

© onsemi 2022
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NCP716BC - 150mA, Wide Input Voltage, Ultra-Low IQ LDO Regulator

The NCP716BC is 150 mA LDO Linear Voltage Regulator. It is a very stable and accurate device with ultra-low ground current

consumption (4.7pA over the full output load range) and a wide input voltage range(up to 24V). The regulator incorporates
several protection features such as Thermal Shutdown and Current Limiting.

Unique Features Application Data

« 2.5V 1o 24 Vinput voltage « Supports wide input range

« 4.7uA typ. quiescent current » Greatly reduces power Vin Vour

« +2% Accuracy over full load / line  consumption Up to 24V 3.3V

|/ temperature - Provides solid voltage rail o IN ouT o

« TSOP-5 package « Leaded, small footprint, cost 1uF == —— 4.7yF
Other Features I GND I

« Fixed Voltage Options Available: 3.0V, 3.3V, 5.0V l l

. +2% Accuracy Over Full Load, Line and Temperature 4.7uA

« Over-current Protection = More robust than the TI TLV704.
« Thermal Shutdown Protection NCP716B survives output short up to
24V VIN

Market & Applications Product Availability Information

« MCU Power Supplies

. . 3.0x1.5mm Samples: Now
« Home automation equipment TSOP-5 RTM: Now
 Industrial measurement systems package

« Always-on Applications

onsemi
Public Information © onsemi 2022 ““



NCP718 - 300 mA Wide Input Voltage, Adjustable LDO, w Enable

Value Proposition:

The NCP718 is 300 mA LDO Linear Voltage Regulator. It is a very stable and accurate device with ultra—-low quiescent current
consumption (typ. 4 A over the full temperature range) and a wide input voltage range (up to 24 V). The regulator incorporates several
protection features such as Thermal Shutdown and Current Limiting.

- Vin 24V Max & Operating . :
. Iq over LLT ~4 uA Soffc Start to reduce inrush current Wide input range .
° IN ouT

- Adjustable Vout from 1.2V to 5V ACtlve. Dl.s.charge . . . fora robust Vout O:—/ NCP718 CF)

-Low dropout (~TmV/mA) » SOA Limiting for ngh.Vl.n/ High Iqut Enable pin. onT= e o—EN o ne |- Cow T clme
~ 300mV/300mA - Thermal and current limit protection Disable oN

- PSRR -60dB@1KHz current 1 L 1

- Noise 90uVrms LowIg¥t around — - B

4 uA across full
Other Features output load

- TSOP-5 and WDFNG6 packages

- 2% Accuracy Over Line and Temperature Ordering & Package Information
« Over-current and Short-Circuit Protection S o
|
Adj. GA

. Thermal Shutdown Protection, Soft-Start
NCP718AMTADJTBG w/ Active

Discharge

Market & Applications

WDFN6 3K/ T&R

+ Telecom: Zigbee, NB-loT, = NCP718BMTADJTBG Adj Ge wjo fetive WDFN6 3K/ T&R

+ Industrial: Smart Meter, LED Dimming Control E g Discharge

- Consumer: Set Top Box, Medical Equipment : NCP718ASNADJT1G Adj. GAA Detare  TSOP5  3K/TeR
NCP718BSNADJT1G Adj. GAC "I;{gcﬁgtrg’j TSOP-5  3K/T&R

© onsemi 2022 Onseml
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NCP730 - 38V, 150mA, 1uA lg LDO with Power Good

Value Proposition: Wide-Input Voltage, Low Iq, Low Dropout

The NCP730 is a next generation CMOS LDO regulator designed for up to 38V input voltage and 150mA output current. Designed to meet the
requirements for industrial wide-input voltage circuits. The NCP730 device provides ultra-low quiescent current of only 1uA, which makes this
device ideal solution for battery powered application. Output voltage can be set from 1.2 to 24V, adjustable or fixed. The device also offer
excellent load/line transient regulation and output Power Good function to reset MCU. The device is available in TSOP-5 and WDFN-6 packages.

Application Data (WDFN-6)

* 2.7V 1o 38V input voltage » Can support multi-cell battery application _ — 1.
* Ultra-Low Iq : TpA typ - Extend battery life / save power S B T LQ
« Built-in Soft Start Circuit e Can suppress inrush current to protect IC current ~100nA I o i Wide input range
» Power Good function (Ver B) . Can reset MCU to avoid malfunction L sraoapa] w |of e )
T Lo @
Other Features T - o | Lo

- Fixed & Adjustable Voltage Options Available: 1.2V to 24V o ij_mm* ) gmlm
« +1% Accuracy @ Tj: -40 ~ +85°C l—<— -

¢ 290mV typical dropout @ 150mA of output current, 3.3Vout oy e— e 3
« Short Circuit Protection, Thermal Shutdown Protection v — I/i) Power Good

 Stable with 1TuF ceramic capacitor > function for

MCU reset
Market & Applications Ordering & Package Information
« Battery-Powered Power Tool and Equipment . - : + Datasheet: Now
« Smart Metering, Smoke Detector el sPmoen | o EM . Samples: Now
+ Industrial Automation, Home Automation “oe.  .Luwwe o0|3% . "ilev  +  Release to Production: Now

IT, Home Appliances WDFN-6 (2*2)
Combination Arc-Fault Circuit Breakers (CAFI)

mr
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NCP731 - 38V, 150mA, Ultralow Noise LDO

The NCP731 device is based on unique combination of features — very low noise, fast transient response, and high input / output voltage ranges.
The NCP731 LDO regulator designed for up to 38 V input voltage and 150 mA output current. Ultralow noise (8 uVRMS) makes this device an
ideal solution for application where clean voltage rails are critical for system performance (power operational amplifiers, analog-to-digital /
digital-to-analog converters and other precision analog circuitry). The device (version B) implements power good circuit (PG) which indicates
that output voltage is in regulation. This signal could be used for power sequencing (with delay function) or as a microcontroller reset.

Benefits
.« 2.7V Vin vol » Extra head room for power rail Wide input ran —
) Unrafﬁ,\?\,SNoiszlJ_tgs\;?,?]z » Clean power for noise sensitive systems t\& L‘l:}'“}“ o g_ﬂrmmr
. Vout Accuracy +0.6% (25C) - Improved output voltage sensing - o
. Capacitor programmed soft start ° Limit hlgh current inrush Enable pin. vrEr ] anS valid or ADJ version
Shutdown  SS[ scrramanT - Greenobedsare
TSR e, o B
- Fixed Voltage Options at 3.3V & 5.0V (other voltages available on ;DGND
request) with an Adjustable Output Voltage to 35V
« 290mV typical dropout @ 150mA of output current, 3.3Vout m[]"% ;
« Power Supply Ripple Rejection (PSRR) 70dB @ 10kHz E D A iﬂm
- Stable with > 1uF ceramic capacitor L power Good
- Available in MSOP-8 (Micro-8 with exposed pad) for improved thermals MCU reset
+ Power rail for ADC, DAC, and precision analog circuitry « Web Visible o]
+ Instrumentation Amplifiers (INAs) and Precision Operational Amplifiers « Released to Production ADUFF ]2 |
* Post DCDC regulation ripple filtering . Samples: Now it b
. _II\_lollse serlls;tlve RF circuitry including PA, RX, TX, and Antenna - DFN8_3x3 is available upon request
« Telecom Infrastructure

mr
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NCP731 — Applications

Sensor application, isolated power supply

Isolated DC/DC

()T VCC+
Vin=12/24/48v }‘E
oL VCC-

ouT

GND g

1| el ||

¥l

IN ouT

EN NCP731B
FIX-5.0v FF

SS oGoND PG

5.0v
ICFF I Cour

j_lnF IlpF

-

CSS

10nF %7

CIN

¥

5.0v

To sensor O——+

Temperature, pressure,
flow, pH or aher
process variable.

>V vRer

!

(optional)
3.3V
_L IN OUTﬂV
L CFF COUT
EN NCP731A j_lnF 1uF
FIX-3.3v FF
IR SS eND  NCi—
C
10nF <
(optional)
AN VDD [— 3.3V
MCU IN |-PG-5V
with int. ADC
) .
REFIN  GND 10s Com. I/IF

I

L

Public Information

VI N

OTIN

O%

Non-isolated DC/DC power filtering, general app

Non-isolated DC/DC /\/\/\ 18V

IN

} ouT

GND

L

I
L

Cuml

fSS

luFl LEN NCP731

ouT

ADJ  ADJ

GND

CSS
10nF
(optional)

&

Current loop 4-20mA application

To sensor

Temperature, pressure,
flow, pH or ather
process variable.

Note: Current consu
4mA and flows throu

© onsemi 2022

6-38VDC
VATAZ| i
IN ouT
1C‘E—L LEN NCP731 TE T
m n m
FIX-5.0v FF l
NC/
i SS GND pg[—

oh

LOOP+{—+—0 +

C
10nF >
(optional)
5.0V 5.(‘)v
AN

+

Voltage to
4-20mA current
convertor
GND LOOP-

&

Current
loop
4-20mA
(6-38V)

RSNS

tion of all blocks (LDO, OpAmp and Convertar) mustbe lower than
the Rgys resistor to be included intransmitted current 4-20mA.

onsemi
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NCP731 Application Opportunities

» Power Supplies

Support for 5V, 12V and 24V rails from Isolated and Non-isolated PSUs

Precision power supplies for 4-20mA current loops. Often no requirement for isolation

» Factory Automation Needs

Data Converter and voltage inputs into I/O modules range from a few millivolts to +/-10V, depending on sensor type.
Improved noise performance becomes critical as the data resolution increases with A/D and D/A converter
resolution entering 12 - 24 bits range

Instrumentation Amplifiers (INAs) and Precision Operational Amplifiers are used to maintain low offsets when
measuring small signals from sensors like thermocouples and can be susceptible to outside noise

» Applications and Functions in Factory Automation

32

Programmable Logic Controller (PLC) or Distributed Control System (DCS) and Programmable Automation
Controller

- Analog Input and Output Modules
16-Bit Analog Mixed Input and Output Module for Programmable Logic Controllers (PLC)
Transducers
Solenoids and position sensors
HVAC valve and actuator control
Light commercial indoor air handler
Servo drive control module
AC drive control module

onsemi
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NCP781 -150V Wide Input Voltage Linear Regulator with Low Iq

The NCP781 is high-performance linear regulator with very wide operating input operating voltage range 6 ..

150V DC, matching the

input voltage range for bus voltages. This part is capable to deliver up to T00mA of output current and offers +3% accuracy over full
operating temperature range. The NCP781 is optimized for high-voltage inputs, and ideal for usage in harsh environment.

Unique Features

« Vinup to 150 V

« Adjustable Vout 1.23-15 V

. Fixed Vout 1.5-15 V

« Very High PSRR 80dB@1kHz
« Noise 130uVrms @ 1.23V

Application Data

6-150V 123 15W1Mmﬁ.

Or IN ouT
O— EN

ADJ
I T I"F

« +3% Vout accuracy over load/line/temp

Other Features

- Enable pin
« Current limiter 110 (140) mA
« Short circuit limiter

- Thermal shutdown 150C with hysteresis

Market & Applications

« Telecom & Plugged loT
. Industrial equipment

33

Figure 2. Typical Application for Mjustlble Voltage Option

§-150V 1.5- 15100 mA
IN out . O
° o en L
I GND
1uF 1uF

—

Figure 1. Typical Application for Fixed Voltage Option

«U8LL (3.3 x3.3x
Tmm)

150V capable package & fits to required
standards !!!

IPC2221A
IEC60664
IEC6073

Output current vs.
(Vin - Vout) drop

100.00 I

<— Short circuit —>
<— Overcurrent—> 00'
(S

=

o

=]

o
.

lout [mA]

2
|
a
QE
’

8

- Safe
: Operation
Area

Power dissipation

0.10 ! L1
1

!
Hlustrative chart. e

10  (Vin-Vout) [V]

NCP781 Yes

Ordering Information

ADJ /1.5/3.3/5/9/10/12/15V
(customized voltages upon
request)

Public Information © onsemi 2022
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Single Camera: High Precision Machine Vision

® =
DCDC 5V
FAN65004B

LDO 30V LDO
NCP187 / 3.3V XC6SLX150- Y VAA_PIX NCP164

NCP59801 / VAA_PIX, VAA, VD . ?FGG676 .
NCP59151MN High (Xilinx example) High 2.8V

VAA

—@

v

DCDC
FAN65004B

T

LVDS/HIS

LDO
NCP164

Resolution Resolution

Buck
1.8V -
NCP6324 > RAM (optional)
VDD,VCCIO_FPGA
- VCCIO_FPGA, XC6SLX150- 25V Buck
YPD-SRAM PYTHON25K 3FGG676 AXGS45K R a=TT NCP6324

Image Sensor Image Sensor

. . . . . 1.2V
NCP6324 vga/m > = High resolution, high speed, = Target applications VDD,VCCINT_FPGA
ea  low power, low noise - Factory automation NCP6324
= Low-noise, high « Measurement - Né,?%s

* Inspection VDD_SLVS HiSPi (optional)
« ITS

efficiency power supply
design

onsemi
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Single

LDO
NCP187 /
NCP59151MN

3.3V

USB_VDD

LDO
NCP114/5

Buck
NCP6324

1.8V

VAA_PIX, VAA, VD

»

VDD_MIPI

2.5V
VCCAUX_FPGA

Buck
NCP6324

1.2V

VDD,VCCIO_FPGA,

Buck
NCP6324

35

0.9v

VDDCV_DSP, VDDCR_DSP

VCC_FPGA, VDD_DSP

Camera: Edge Al Camera for Machine Vision
v

DCDC
FANG65004B

€C OR DD

—@

v

DCDC
FAN65004B

FPGA

SCEBA2U15C8N
(Lattice LIF-MD6000)

High

Resolution

LVDS/HIS

LDO

3.3V

VDD_USB NCP164

. . LDO
gh |

a . LDO
cesolution RD

Al Proc

PYTHON25K
Image Sensor

High resolution, high speed,
low power, low noise
Compact design with built-in
edge Al computing
Low-noise, high

efficiency power supply
design

Public Information

Movidius DSP

2.5V LDO

essor

:

XG S1 2M VCCAUX_FPGA NCP114/5
Image Sensor ™ Buck
V‘DDIO, VCCIO_FPGA NCP6324
VDD_MIPI

T 1.2V

VDD,VCC_FPGA, VDD_DSP

Buck
NCP6324

= Target applications
« Smart Camera

« Robotic Vision

T

0.9V
DSP, VDDCR_DSP

Buck
NCP6324

T

VDDCV

:

LDO

0.4V NCP135

VDD_SLVS

HiSPi (optional)

onsemi
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Stereo (Dual) Camera: Depth Sensing for Machine Vision

5

DCDC 3.3V
NCP6324

USB_VDD

LDO 2.8V USB3 Chip

NCP164 VAA_PIX, VAA (Cypress FX3)
Al Processor

LDO 18V . GIObaI ShUtter Parallel/MIP (Movidius) GIObaI ShUtter

NCP164 VAA
Image Sensor Image Sensor
DO
1.8V  AR0234/AR0144/AR013

NCP18x / TN & AR0234/AR0144/AR013

NCP59801 C, VDD_MIPI

VDD, ICC_Core_USB_IC,
VDD_DSP

NCP6324

_ost € ent, excellent
e VDDA Doy shutter, high speed, low power,
low noise
= 3D depth sensing
= Low-noise, high efficiency
power supply design

Buck
NCP6324

« Smart Camera
« Robotic Vision

Public Information © onsemi 2022

Image
Sensor
Powered by
LDO’s and

Buck
Converters
shown
opposite
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NCP187 - Low VIN, Low Iqg, 1.2A Voltage Regulator w/ Power Good

Value Proposition: 1.2A, Low VIN, 150C operating junction temperature with Power Good

The NCP187 is 1.2A LDO Linear Voltage Regulator capable to operate at a junction temperature of 150°C. It is a very stable and accurate
device with low quiescent current consumption (typ. 30uA over the full temperature range), low dropout, low output noise and very good
PSRR. The regulator incorporates several protection features such as Thermal Shutdown, Soft Start, Current Limiting and also Power
Good Output signal for easy MCU interfacing. It is available in a DFN6 2x2x0.5 mm package.

Unique Features Application Data

« 1.5V to 5.5V operating input voltage * Able to operate from a low voltage rail

W Vot
« PSRR: 75dB at 1 kHz » High input ripple rejection o IN ouT j -
« DFN6_2x2 packaqge « Improved power dissipation with P T MEFooc SNS _ 1uF
P J lowered thermal resistance T meemE D—le EN gup FPS[—O T ©eamic
oFE [

Other Features — — L
- Fixed Voltage Options Available: 0.8 V t0 5.2 V WDFNW8 2x2, 0.65P DENG6 3*3 MM, 0.95 PITCH
« Power Good signal for power sequencing CASE 511DW CASE 506AH-01
. +2% Accuracy Over Full Load, Line and Temperature | ISSUE O ISSUE O
« 350mV typ dropout @ 1.2A of output current
« 30pA quiescent current consumption ~ @)

Ultra-Low Noise: 15UV, 1
Market & Applications Ordering information
*Machine Vision - Datasheet Availability: Now
Portable Equipment . ;lrlst Sar?plssrglovr. .
° H H ° elease 10 rroauction: Now
? olmmun'cadt'f\ln tSyStE.mS . NCP187AMT: 1.2V, 1.8V DFN6_2x2mm

elecom and Networking NCP187AMN: 1.2V, 1.8V DFN6_3x3mm: avail. on request

mr
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NCP189 - 500mA, Low Noise w/ Power Good & Soft Start

Value Proposition: 500mA, Low VIN, 150C operating junction temperature with Power Good

The NCP189 is 500mA LDO Linear Voltage Regulator capable to operate at a junction temperature of 125°C. It is a very stable and accurate device
with low quiescent current consumption (typ. 354A over the full temperature range), low dropout, low output noise and very good PSRR. The
regulator incorporates several protection features such as Thermal Shutdown, Controlled Output Voltage Slew Rate from 5 mV / usec, Current
Limiting and Power Good Output signal for easy MCU interfacing. It is available in a WDFNW®6 2x2x0.75 mm package.

Unique Features Application Data

« 1.6V to 5.5V operating input voltage - Able to operate from a low voltage rail Vi
« PSRR: 85dB at 1 kHz * High input ripple rejection 7 47 UF NCP189 sns e | 47 F
« 125C operating junction temperature* Capable .tO operate at extended temps Coi— C;:ﬂb O— BN o PG [—O o T :E,:mc
« Slew rates: 5/10/30/100 mV/uysec ° Sequencing & controlled overshoot _IQN

OFF
Other Features = = =

« Fixed Voltage Options Available: 0.6 Vto 5V
« Power Good signal for power sequencing

- +1% Accuracy Over Full Load, Line @125C b=
« 65mV typ dropout @ Vout = 3.3v, 500mA of output current oo [~
« 35uA quiescent current consumption
« Ultra-Low Noise: 10uVyys for fixed versions WDFNWE 2x2, 0.65P

CASE 511DW

Market & Applications Ordering information

« Post DC-DC Converter

» IP Network Cameras

» Telecom and Networking

« Communication Systems

« Thermostat and Lighting Control

mr
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NCP59801 - 1A, Low Noise w/ Power Good & Soft Start

Value Proposition: 1A, Low VIN, 150C operating junction temperature with Power Good

The NCP59801 is 1A LDO Linear Voltage Regulator capable to operate at a junction temperature of 125°C. It is a very stable and accurate device
with low quiescent current consumption (typ. 354A over the full temperature range), low dropout, low output noise and very good PSRR. The
regulator incorporates several protection features such as Thermal Shutdown, Controlled Output Voltage Slew Rate from 5 mV / usec, Current
Limiting and Power Good Output signal for easy MCU interfacing. It is available in a DFNW8 3x3x0.65 and WDFNW6 2x2x0.75 mm packages.

Unique Features Application Data

» 1.6V to 5.5V operating input voltage » Able to operate from a low voltage rail Vi
 PSRR: 85dB at 1 kHz « High input ripple rejection S—v NCP59801 :T
« 125C operating junction temperature  « Capable to operate at extended temps Cae— ff7 o o - F.: O Cour —/— f;‘;:,c
- Slew rates: 5/10/30/100 mV/usec - Sequencing & controlled overshoot R o }
ore|
Other Features = = =

« Fixed Voltage Options Available: 0.6 Vto 5V
« Power Good signal for power sequencing

- +1% Accuracy Over Full Load, Line @125C b=
« 150mV typ dropout @ 500mA of output current oo [~
« 35uA quiescent current consumption
« Ultra-Low Noise: 10uVyys for fixed versions WDFNWE 2x2, 0.65P DENWS 3x3, 0.65P
CASE 511DW CASE S50TAD

« Post DC-DC Converter

* [P Network Cameras

» Telecom and Networking

« Communication Systems

« Thermostat and Lighting Control

mr
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PMOS: High PSRR, Low
Noise LDO Overview

High PSRR, NCP163
Low Noise
High PSRR,  \cp164
Low Noise
High PSRR,
Low Vout b

High PSRR,
Low Noise
Pwr Good

High PSRR
Low Noise
Pwr Good

NCP189"

NCP59801""

High PSRR,
Pwr Good

NCP187

250mA

300mA

500mA

500mA

1A

1.2A

92dB

85dB

75dB

85dB

85dB

75dB

6.5UuVRrms

9UVRMs

S4uVerms

T10uVRMs

TOuVRMS

1S5uVRrMms

160mV @
2.8V

160mV @
2.8V

220mV @
2.8V

136mV @
2.8V

251mV @
2.8V

250mV @
2.8V

Public Information

RR, Ripple Rejection [dB)

Conditions: ¥ y=Yout+1¥, lgyy=10m#a

Flat Curve and High PSRE at
10mA~20mA is key for WiFi
signal integrity

2.2V -55V 1.2V-5.3V 12uA
1.6V - 5.5V 1'2\LBE'OV 30pA
1.6V - 5.5V 0.7V -3.6V 60pA
1.6V - 5.5V O'GXD]SV 35uA
1.6V - 5.5V O'SXD'JW 35pA
1.5V - 5.5V O'S\LBE'ZV 30pA

© onsemi 2022

FREQUENCY [Mz]

Package | Cout | Availability
1*1 XDFN4
TSOP-5 TuF Now
WLCSP-4
2*2 WDFN6
TSOP-5 Ul Nk
1*1 XDFN4  1uF Now
2*2 WDFNW6  4.7uF Now
2*2 WDFNW6
3+3 DENwe | &7HF Now
2*2 WDFNW6
2%2 WDENG 4.7uF Now

onsemi



Wide & High Input Voltage LDO
—“

NCP502
NCP623
NCP3335A

NCP711 New

NCP715

NCP716
NCP716BC
NCP718
LP2950

NCP730

LM2931

NCP781

NCP785A
NCP786L
NCP786A

80mA
150mA
500mA

100mA

50mA

80mA
150mA
300mA
100mA

150mA

100mA

100mA
T0mA
SmMA
1T0mA

Sorted by VIN Max, Low to High

41

1.5~ 5.0
12V 25~23.0
12V 1.5~5, Adj

2.5,2.8, 3,

18V 335 ADJ

24V 1.2 ~5.0

24V 1.2 ~ 5.0
24V 3~5.0

24V 1.5 ~ 5.0
30V 3,3.3,5.0

2.5,2.8, 3,
38V 335 15 ADJ
40V 5, Adj
150V 0.8 ~ 3.6
450V  15~15
450V 15~15
450V 1.27 ~15

Public Information

40uA
170uA
31TuA

1.3uA

3.2uA

3.2UA

3.2uA
4uA

93uA

1.3uA

400uA

T0uA
T0uA
T0uA

0.6~ 15
0.18
0.34

0.215

0.23

0.35
0.7
0.3

0.35

0.290

0.16

© onsemi 2022

55dB
70dB
55dB

70dB

60dB @ 100kHz

60dB @ 100kHz
55dB
60dB
48dB

70dB

90dB

70dB
70dB
70dB

SOT23, SC-70
DFN-6
DFN-10, Micro8

TSOP-5, WDFNG6_2x2

SC-75, S0T-323, SC-
88, XDFN

WDFNG6
TSOP-5 (2 pinouts)
TSOP-5, WDFN6
DPAK3, TO-92

TSOP-5, WDFNG6_2x2

TO-220, DPAK3/5
TO-92, SOT-223

DFN-6
SOT-89
SOT-223
DFNG 5*6

onsemi



Tl to onsemi Wide Input Voltage LDO Crosses

Status VRMs

p2p TSOP-5
N —
TPS769 NCP711 New e 1.2 =17, ADJ iy Active
TLV701 NCP716B Dl?rzelz:t 150 24 3335 3.2 15 TSOP-5 Active
TLV704 NCP716BC Dl?rzelj:t 150 24  3,3.3,3455 32 15 TSOP-5 Active
TPS7A25 NCP718 Similar 300 24V 12-5ADJ 4 35  1o0P-5, WDFN6_2x2 Fartie
(No PG Option)
TPS709 NCP730 P2P 150 40 12-24,ADJ 13 040  1°0P-5, WDFN6_2x2 e
Better (PG Option)
TPS7A49 NCP731 New D'?rze'zt 150 40 3.3 5 50 10 MSOPS_EP_3x3 Active
Sorted by VIN Max, Low to High
onsemli
42 Public Information © onsemi 2022 ™
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OpAmps

Public Information

onsemi
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VAVAAYAYAYAYATAYAVAYAYAYAYATAVAVAVAVA
Industrial Applications It's still an Analog World |

HAC Ac White Goods
» Washing Machine (Low Side Current Sense)
eccw R Smoke@ » Refrigerator (Low Side Current Sense & 12V Motor Driver)
Detection

* Dishwasher (Low Side Current Sense & 12V Motor Driver)
e OQutside Air Conditioner (Low Side Current Sense)
Lighting . .

Control % » Air Purifier (precision Signal Conditioning)

* Vacuum Cleaner (Low Side Current Sense)

* Water Heater (various Signal Conditioning)

Fire Detection
& Alarm

Security &
Access Control

Building Automation

Energy

@Ventilation - NEAREGEIERE *  Smoke Detector (various Signal Conditioning)
ﬁl::;::gosny(sr:‘:t‘\:lsorking) ° Flow Meter (Various Signal Conditioning)
—— g :g:ﬂ::ces *  Thermostat Control (various Signal Conditioning)
pe System White * Smart Meter (Low Side Current Sense)
Control feods . LED nghtlng

Lighting

Control Process Automation & Measurement
/ * AC Induction Motors (Low Side Current Sense)
i *  Brush DC Motors (Low Side Current Sense)
° Industrial Weigh Scales (Precision Signal Conditioning)
« Digital Multi-meter (Precision Signal Conditioning)

Sprinkler & Medical
e Energy Management Irrigation Systems ° BIOOd Glucose Meter (Precision Signal Conditioning)
° Blood Pressure Monitor (Precision Signal Conditioning)

mr
Public Information © onsemi 2022 Onse ‘
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Supply Current

Precision Op Amp ( 1mV or lower Offset Voltage)

6 Families of Precision Amplifiers

NCS(V)20166 ( )

5V, 550uV, 10MHz, 1250uA, RRIO,

45

Competition for TI OPA188, OPA2188 & OPA4188 CMOS family
also OPA180, OPA2180 & OPA4180
Just
Released NCS(V)2023x (Single/Dual/Quad)
NCS(V)2191x ( ) § 36V, 950“&3(';"8“:’ 5,5|’5“A’ RRO, Space Saving Package
- 36V, 25UV, 2MHz, 570uA, RRO, any | « ,
OPAZSS & OPAZ33 CMIOS family &\ ¥ - Single Dualand Quad
o TS
5.5V, 10uV, 1.5MHz, 130uA, RRIO, « Low Input Offset Voltages ’ ’
CMOS family :
* Low Dirift

NCS(V)x333 ( ) o W\ :
5.5V, 10uV, 350KHz, 50uA, RRIO, Wide offering of GBWP OPA

CMQOS family
NCS(V)2187x ( ) PERFORMANCE ' Good Price to
9 S B, .SOUA’ G Competition for TI OPA330, Performance Balance

CMOS family OPA2330 & OPA4330 ‘ PRICE

**AEC Qualified products are available for
Blue Indicates Released Automotive applications , NCV prefix
>
Gain Bandwidth Product

onsemi

Public Information © onsemi 2022



Sampling: NCS(V)20231/2. In Dev: NCS20234

Value Proposition

http://www.onsemi.com/NCS20232

The NCS20231/2/4 family of op amps feature a wide supply range of 2.7 V to 36 V with an input offset voltage as low as +0.95 mV max @ 25°C . These op amps are
available in single, dual, and quad channel configurations. Automotive qualified options are available under the NCV prefix. Automotive grade 0 versions have an extended
operating temperature range from -40 °C to 150 °C. All other versions are specified over the operating temperature range from -40 °C to 125 °C.

Unique Features Typical Application diagram
» Offset Voltage: £0.95 mV max (25°C) VDD
+ Offset Drift: £2 pV/°C max . v
* Supply Voltage Range: 2.7 V to 36 V VDD wo L voo —[—
» Unity Gain Bandwidth: 3 MHz A prosm—
+ CMRR: VSS to (VDD-1.35)V - T e
0 'V:‘ = —l— _‘
Others Features T + - _
* NCV Prefix for Automotive and Other Applications Requiring Unique Site and = L
Control Change Requirements; AEC-Q100 Qualified and PPAP Capable Bridge Circuit Amplification
» These devices are Pb-free, Halogen free/BFR free and are RoHS compliant
 Available in Single, Dual, and Quad Packages Packages/ Pin Outs
Temperature Channels Package Device Part Number g 2] ven o [] voo
|Indust:al and Comrlnercial | - | Vf%}DL, ouT “:T‘ z ¥ 2] IN-
Market & Applications T o
+ Telecom Equipment b St oS o — “ 1;| IZ[%
- Power Supply Designs . el g WeT
* Diesel Injection Control TSSOP-14 | NCS20234DBR2G =L — [ e R :%’ S%g’:a
* Automotive AT‘:’OT;’:’:;‘:Z"""’G”":‘ﬂgle TSOP-5 NCV20231SN2T1G s Tesor
« Motor ContrOI SC-88 NCV20231SQ3T2G
SOT-553 NCV20231
Dual S0IC-8 NCV20232DR2G
Quad SOIC-14 NCV20234DR2G

46 Public Information © onsemi 2022 Onse' I “


http://www.onsemi.com/PowerSolutions/product.do?id=NCS2250
http://www.onsemi.com/NCS20232

NCS(V)21871/2/4

Value Proposition

This family of single, dual and quad zero-drift amplifiers provide excellent precision. This is achieved with continuous calibration of the input offset voltage over time and
temperature.

Unique Features

Gain-Bandwidth Product: 270 to 350 kHz

Low Supply Current/ Channel: 17 pA (typ., at 3.3V)
Low Offset Voltage: 45 pV max

Low Offset Drift: 0.4 uV/°C max

Wide Supply Range: 1.8V t0 5.5V

Wide Temperature Range: —40°C to +125°C

AEC- Q100 Qualified are available

Benefits

Offset error is inherent to all amplifiers. This error tends to increase with time and
temperature. Op amps amplify both the signal and the error. Among the various
architectures employed to lower the offset, Zero-Drift is one such, which provides
exceptionally low offset and drift, resulting in high accuracy sensor measurements
and amplification, especially when the input of the op amp is a small signal.

Market & Applications

47

Thermal Management Circuits + Automotive
Transducer Applications * Telecom
Current Sensing in Motor Control, Lighting * Industrial
etc. « Computing
Power Supplies * Medical

Battery Powered/ Portable Applications
Electronic Scales, Wheatstone Bridges
Instrumentation in Medical and Industrial

Public Information

Typical Application diagram

VDD

http://www.onsemi.com/NCS21871

Figure 18. Bridge Circuit Amplification

Packages/ Pin Outs

a‘#@’“ 2 ‘:ﬁ
1
S0TZE-5 BCTO-5
EM SUFFIX BQ SUFFD
CASE 4B3 CASE 2194
UDFNE MEOP-8
MU SUFFIX Dl SUFRR
CASE S1TAW CASE Bea OF
| :
B8 BOIC-14
O BUFF D SUFFLC
CASE TS CASE TS514
ECPS
FCT BUFFIX

CASE ST1BE

© onsemi 2022

ouT [H] 5] voo

IN+ EJ |—E| IN-

50T23-3| TBOP-5

Dwal Channed Configuration

HCEZ187Z, NCW21ET2

ouT1 [1]

-1 E—:
lE
vag [£]

UDFME* | Micred | SOIC-8

*Thes mpossd pad of the UDFNE paciage

can be fioated or conneched to VES.

(7] oure
EE -2
"zl 1] ez

Single Channel Configumtion
WCSI1ET1, HCWZ18T1

I+ [T] %] voo
VS5 E}D—L
- 2} (] out

BCT0-5 | BC-85-0/ 80T-503-0

& @|m
(2]
voo | (B2 (31 | me

ECPT (Top View)

‘Guad Channel Configuntion

HCSET, HCWZ1ETS

(8] voo out 1 [4] [14] ouT 4
M- 1 E:[—EH)J I_/_,--:‘-E IN-4
N+ 1 [F He" It R R
voD [£] [11] wss
N+ 2 ETHR et I L
IN-2 E :—-"'"’I I_("“"xt;El IN-3
ouTz [T] (8] ouT3

BOKC-14
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http://www.onsemi.com/PowerSolutions/product.do?id=NCS2250
http://www.onsemi.com/NCS21871

NCS21801/2/3/4

Value Proposition

The NCS21801/3, NCS21802, and NCS21804 are precision op amps featuring low input offset voltage and low offset drift over time and temperature. The NCS2180x is
available in single, dual, and quad channel configurations. All versions are specified for operation from -40°C to +125°C. NCV prefix parts are automotive grade 1 qualified. The

single channel option is also available with an enable (/shutdown) pin which powers down the part to a low power state and the output is in high impedance. The part is powered
on and functional when this pin is pulled high.

Unique Features Typical Application diagram
 Gain-Bandwidth: 1.5 MHz nv/°C VoD A s
« Quiescent Current: 75 typ, 130 max + Supply Range: 1.8 t0 5.5 (-40 to voD wo L o0 T
over temp 125C) ;i;[% S~ y i /,l T
« Input Offset Voltage: 10 pV max @ 25+ CMRR: 110 dB min over temp o ~ 1 {*ﬁ\
°C * PSRR: 110 dB min over temp / " L T |
+ Offset Drift Over Temperature: 5 * Integrated EMI Filters - = A 1
,BeE':zgtespin Packages/ Pin Outs
« Rail-to-Rail Input and Output ouT [T] 5] VoD IN+ [T] 5]voD IN+ [1] [6]vDD
* NCV Prefix for Automotive and Other Applications Requiring Unique Site and vss [Z vss [Z] VSS E:}:Dl A
Control Change Requirements; AEC-Q100 Qualified and PPAP Capable
IN+ [3] (4] IN- IN- [3] [4]ouT IN- [3] [4]ouT

Market & Applications

ouT 1 [I

(8] voD ouT 1 [T] 14) ouT 4

+ Thermal Management Circuits + Automotive IN- 1 ES 7loutz N1 EDJ \_<H§] IN- 4
» Transducer Applications * Telecom IN+ 1 3] lzl:E] IN- 2 IN+ 1 [3] 12] IN+ 4
» Current Sensing in Motor Control, Lighting * Industrial vss [4] 5] N+ 2 VoD [4] 1] vss
etc. « Computing IN+2 [5] [10] IN+3

+ Power Supplies + Medical IN-2 ED—‘ ’_<E@ IN-3
» Battery Powered/ Portable Applications ouT2 (7] 8] out3

» Electronic Scales, Wheatstone Bridges
* Instrumentation in Medical and Industrial

48 Public Information © onsemi 2022 Onse' I “



Precision Portfolio

# of VS Min | VS Max VOS Max GBW Typ SR Typ Temperature
SR (vips) | Range () | "°@%° BPe
- =

Micro8™

1/2/14 1.8 5.5 0.021 0.05 0.27/0.35 0.1 -40 to 125 SOIC-8

SoIC-14
SC-70-5
0.017 SOT-23-5

1/2/4 1.8 5.5 0.021 0.01/0.03  0.27/0.35 0.1 -40 to 125 A
0.028 UDFN-8
SOIC-14

TSOP-5, SC705,

1/2/4 1.8 5.5 0.017 0.045 0.35 0.1 -40 to 125 UDFN8, Micro8, SOIC-
14

SOT-23-5, Micro8™

1/2/14 4 36 0.475 0.025 2 1.6 -40 to 125 SOIC-8, SOIC14,
TSSOP14

1 3 5.5 1.2 1.05 10 0.5 -40 to 125 SOT-23-5

SC-70-5
SOT-23-5
NOSyARINTP/CIZam 1/2/4 1.8 Sk 0.95 0.01 1.5 0.7 -40 to 125 {\J/Iitt):lr:cl)\?;“"
TSSOP-14
SC-70-5

SOT-23-5
SOT553-5
NCS2023x1/2/4 1/214 2.7 36 0.475 1.50 3 2.7 -40 to 150 solc-8

UDFN-8

SoIC-14
TSSOP-14

onsemi
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https://www.onsemi.com/PowerSolutions/product.do?id=NCS2325
https://www.onsemi.com/PowerSolutions/product.do?id=NCS2333
http://www.onsemi.com/NCS21871
https://www.onsemi.com/PowerSolutions/product.do?id=NCS21911
http://www.onsemi.com/NCS20166

>

Supply Current

Low Power Op Amp ( Less than 1mA current consumption)

6 Families of Low Power Amplifiers

NCS(V)27x ( )
36V & 16V Low Power CMOS family
3 MHz, 550 pA, RRO

Competition for Tl
TLC271, TLC272 &
TLC274

NCS(V)2007x ( )
36V Low Power CMOS family
3 MHz, 480 uA, RRO

NCS(V)2003x ( )
5.5V Low Power , High Slew Rate
7 MHz, 230 yA, RRO

Competition for Tl
OPA171, OPA2171 &
OPA4171

NCS(V)2006x ( )
5.5V Low Power CMOS family
3 MHz, 130 yA, RRIO

NCS(V)2008x ( )
5.5V Low Power CMOS family
1.2 MHz, 50 yA, RRIO

NCS(V)2009x ( )
5.5V Low Power CMOS family

Competition for TI| OPA314,
OPA2314 & OPA4314

Performance

* Low Current Consumption
» Low Voltage Options

Competition for Tl
OPA313, OPA2313 &
OPA4313

350 KHz, 20 pA, RRIO

50

*AEC Qualified products are available for ’ Ra_ll to Ral_l
Automotive applications , NCV prefix » Wide offering of GBWP OPA
Blue Indicates Released
>
Gain Bandwidth Product

Public Information © onsemi 2022

Space Saving Package

« Single, Dual and Quad

» Small packages ( SOT23, SC-
70, SOIC 8, SOIC 14)

Good Price to
Performance Balance

* Migration Path for next
generation designs

PERFORMANCE

‘ PRICE

onsemi



Available Now: NCS(V)20071, NCS(V)20072 and NCS(V)20074

| Value Proposition

The NCS2007x series operational amplifiers provide rail-to-rail output operation, 3 MHz bandwidth, and are available in single, dual, and quad configurations. Rail-to-Rail
operation enables the user to make optimal use of the entire supply voltage range while taking advantage of 3 MHz bandwidth. The NCS2007x can operate on supply
voltages as low as 2.7 V over the temperature range of -40°C to 125°C. At a 2.7 V supply, the high bandwidth provides a slew rate of 2.8 V/us while only consuming 405 A
of quiescent current per channel. The wide supply range allows the NCS2007x to run on supply voltages as high as 36 V, making it ideal for a broad range of applications.
Since this is a CMOS device, high input impedance and low bias currents make it ideal for interfacing to a wide variety of signal sensors. The NCS2007x devices are
available in a variety of compact packages. Automotive qualified options are availablg under the NCV prefix. No output phase reversal.

Unique Features

* Wide Supply Range: 2.7Vto 36V « Low Input Bias Current: 5 pA typical
» Rail-To-Rail Output * High Slew Rate: 2.8 V/us typical

+ Wide Bandwidth: 3 MHz typical * NCV parts for Automotive

* Low Supply Current: 405 yA 2.7V

Benefits

e Wide supply range suitable for a wide
variety of applications

¢ Wide output range

e Compatible with high speed signals 3
MHz

Market & Applications

Low current consumption
High input impedance
Meets automotive standards

» Sensor Signal Conditioning
* Current Sensing

» Air Conditioning Systems

* Filter Circuits

* Unity Gain Buffer

* White Goods

51 Public Information

Typical Applications / Pin Outs

Single Channel Configuration

e Motor Current Sense Nes20071, NEvzooTt
e Current Shunt Monitor out E 3 voD e E Z| vop
e Sensor Conditioning vss EA vss IZ}I>L
e Automotive
e Industrial v 2] < Jn w2 o ] our
913 S0TS83-5
Packages
o @ ON Part
@ v Number Phase
NES20074 " L aunched
SOT-553 Micro8™ S0IC-8 NES20072" Launched
CASE 4638 CASE 846A CASE 751
NES20074 " Launched
B
1
TSOP-5 > 1
CASE 483 TSSOP-8 TSSOP-14 SOIC-14 NB
CASE 9488 CASE 048G CASE T51A
© onsemi 2022 : | 'S E I I “



Avalilable Now: NCS(V)20081,2 & 4

Value Proposition

The NCS20081/2/4 is a family of single, dual and quad Operational Amplifiers (Op Amps) with 1.2 MHz of Gain—Bandwidth Product (GBWP) and draws only 42 uA of
Quiescent current. The NCS2008x has Input Offset Voltage of 4 mV and operates from 1.8 V to 5.5 V supply voltage over a wide temperature range (-40°C to +125°C). The
Rail-to—Rail In/Out operation allows the use of the entire supply voltage range while taking advantage of the 1.2 MHz GBWP. Thus, this family offers superior performance

over many industry standard

parts. These devices are AEC-Q100 qualified which is denoted by the NCV prefix. NCS2008x’s low current consumption and low supply voltage performance in space
saving packages, makes them ideal for sensor signal conditioning and low voltage cuffent sensing applications in Automotive, Consumer and Industrial markets.

Unique Features

* Wide Bandwidth: 1.2 MHz

* Low Supply Current/ Channel: 42 pA
typ (VS =1.8V)

* Low Input Offset Voltage: 4 mV max

Others Features

» Wide Temperature Range: -40°C to
+125°C

* NCV Prefix for Automotive and Other
Applications Requiring Unique Site
and Control Change Requirements;
AEC-Q100 Qualified and PPAP

Market & Applications
Automotive

+ Battery Powered/ Portable

« Sensor Signal Conditioning

* Low Voltage Current Sensing

+ Filter Circuits

* Unity Gain Buffer

52

Wide Supply Range: 1.8 Vto 5.5V
Available in Single, Dual, and Quad
Packages

Capable

These Devices are Pb—Free, Halogen
Free/BFR Free and are RoHS
Compliant

Unity Gain Stable

Rail-to—Rail Input and Output

Public Information

Typical Application diagram

+V

e

Packages/ Pin Outs

R

&
..

Single Channel Configuration

NCS20081, NCV20081

IN-

our| 1 E VDD IN+ lz‘ 5 | voD Vss :'
EZ A . .ﬁbtj =
INs | 3 4 IN- 2 | our IN-| 3

Wy

NCS2008x
au

5] voo

4| IN+

S0T23-5 (TSOP-5) SC70-5, SOT23-5 (TSOP-5) UDFNE 1.6 1.6
SNz Pinoat 503, SN3 Pinout

Dual Channel Configuration
NCS20082, NCVzuoez

outt [1] 3] voo
N1 E:I;' (7] oure
et [2] ,%:‘ N2

Vss E ] IN+ 2

© onsemi 2022

Quadruple Channel Configural

NCS20084, NCV20084

tion

our1 [1]
IN- 1 E:[>J
1 3] i]:

voo [&]

[14] out 4
i3] -«
[12] N+ 2
[11] vss

1] N+ 2
[9] -3

-2 [5]
IN-2 ED‘ "q
ourz [7}

[s] outa

M

ON Part
Number Phase

NES20082 | Launched
_Launched

_Launched

onsemi



In Development: NCS(V)20161/2/4, 8MHz, RRIO Operational Amplifier

Value Proposition

The NCS20161/2/4 is a family of single, dual and quad Operational Amplifiers (Op Amps) featuring 8 MHz Gain-Bandwidth Product (GBWP) while
consuming a low 800uA of quiescent current. The NCS2016x has an Input Offset Voltage of 2.0 mV and operates from 1.8 V to 5.5 V supply voltage.
They also feature full rail-to-rail input and output.

Unique Features

» High Bandwidth: 8 MHz
* Input Offset Voltage: 2.0 mV

* Supply Voltage: 1.8 Vto 5.5V

Specifications:

CMRR : Typically 103dB
PSRR: Typically 103dB
Slew Rate: 6.5V/us

Noise 10kHz: 10nV/rtHz
Quiescent Current: 800 uA

Market & Applications

53

Sensor Signal Conditioning

out 1 [7] [14] out 4
Active Filter Circuits high-Impedance Buffersr o E:[ﬂ _<I:E|'N-4

High-Impedance Buffers
Automotive Q1 Qualification
Solenoid applications

Benefits

The Bandwidth supports fast data
acquisition systems.

The low offset voltage improves precision
over general purpose devices.

The supply voltage allows use from
standard 5V supplies and from low 1.8V
to conserve energy.

Industry Standard Pin Outs
our [1] [5]wo
1A

ouT1 II Il VDD
IN=-1 E ZI ouT2
N+ 1 Eﬂ; qa IN- 2

Vss E EI IN+ 2

s 1 [3] [12] N+ 4

VDD E E] vss

IN+2 | 5 10| IN+ 3
[=] 10]
IN-2 [6 9] IN-3
[¢] 2]
OUTzE Eom‘a

Public Information

Applications

1 | I

GRD GRD "D GD G'D

Unity Gain Buffer Stage for ADC Sampling and signal
conditioning.

NCV Prefix for Automotive and Other Applications Requiring Unique Site and
Control Change Requirements; AEC-Q100 Qualified and PPAP Capable

© onsemi 2022 Onsem‘



Supply Current

54

5 Families of Current Sense

Amplifiers

Improved Direct Drop-in for Tl
INA180, INA2180 & INA4180

NCS(V)21673/ /5 (G= 20, 50, 100, 200)

40V CM, 500uV, 1%, 300uA, RRIO
Uni-directional CMOS Family

NCS(V)21671 (G= 20, )
40V CM, 25uV, 0.3%, 80uA, RRIO
Bi-directional CMOS Family

Direct Drop-in for
TI INA210,
INA211, INA213,
& INA214

NCS(V)21x (G= )
26V CM, 35uV, 1%, 40uA, RRIO
Bi-directional CMOS Family

*AEC Qualified products are available for
Automotive applications , NCV prefix

Blue Indicates Released

NCS(V)7041 (G= 10, 20, 50, 100)
80V CM, 300uV, 0.3%, 2.3mA, RRIO
Bi-directional CMOS Family

NCS(V)703x (G= 10, 20, 50, 100)
80V CM, 300uV, 0.3%, 2.3mA, RRIO
Uni-directional CMOS Family

Performance
* Low Input Offset Voltages

* Multiple Gain Options
* Wide Common-Mode Range

Current Sense Amplifiers (Integrated Resistors)

RLLt
PERFORMANCE

‘ PRICE

Common Mode Voltage

Public Information © onsemi 2022

Space Saving Packages

Good Price to
Performance Balance

.(
L
c’_!
(53

onsemi



Current Sense Amplifiers

Architecture

55

Supply
o

RsHunt

Load Current Sense Amplifiers are standard

+"VV\1

- operational amplifiers with the gain
resistors integrated

NCS21xR

+2.2Vto +26 V
o

Duéput

Reference
? Voltage
7’

| 0.01 uF

To
0.1 uF

m!
Public Information © onsemi 2022 Onse ‘



Design Considerations— Low Side or High Side?

Low Side Sensing

PROs

* Simple, Inexpensive

* Standard Op Amps can
be used, current sense

amplifiers have
advantages

CONs

* Cannot detect Load &
high side shorts

* Cannot be used if load’s
ground is the device’s
metal body/fixing
screws/shielding case

* Opamp’s common mode
range must include GND

56 56

15A

Input Common-Mode Voltage
Vine + Vin

2
‘\"|N+ O+ +
Vour
ViN- o0—] =
Vee-

Public Information

Viem =

LOAD

/ 5mV

N

1mR

Vees

>

$\\\OV

High Side Sensing (High CM Voltage)

o

PROs

12V

e Detects load shorts and
Grounded Load

1m?§

CONs + 15A
e More difficult than low C—)

side sensing...until the
advent of current sense
amplifiers! L L

LOAD

e Opamp’s common
mode range must
include GND and Supply
voltage

1285V

Input Bias Current

© onsemi 2022
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Design Considerations: Current Sensing Direction

Unidirectional
Current flows only one direction
. Used to measure load current

Output voltage swings from zero to
positive values

Current flow

Supply o,
Voltage J\/\/\/ + Load -

RSENSE

VvV B Output
© referenced
4\/\/\/ + to GND

57 Public Information

Bidirectional

Supply O—t
Voltage ’J\/\/\/ + Load -

© onsemi 2022

Battery charge/discharge

Output voltage must swing two
directions from origin

Current flows in both directions

Current flow

Rsense

V.V V ) Output
© referenced

onsemi
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Precision Amplifiers and Current Sense Amplifiers

Precision Amplifiers Current Sense Amplifiers

58

* Very low input offset voltage

(10pV)

Precision, matched resistors must
be used to set the gain in order to
minimize Vg and gain error

Larger PCB footprint after
external resistors

Gain can be adjusted with
external resistors

adding

Public Information

Low input offset voltage (35uV)

Integrates gain resistors, *
minimizing V55 and gain error

*

Smaller PCB footprint (e.g. SC70-
6)

Gain is usually fixed

onsemi
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Low Power / Precision Opamp

- Higher precision to meet higher accuracy signal conditioning for

Low Power & Precision Op Amp Summary

Strategy:

ADC = Fill portfolio gaps in 1mV offset amplifiers for both 5V and 36V.

- Performance advantage of Zero-Drift and Trimmed Amplifiers = Promote and push the “Super 8” products to existing customers
. . . . . . . = Expand the Zero-Drift and ONIPP Portfolio by addressing sweet spots targeted to meet
provide customers with varied choices for different price points T
) broad application needs

- Small Form Factors to address small board sizes Competitive Enablers
- Competitive landscape shows a growing presence in the 200uV to = We would offer the best cost to performance value (also true for Precison and CSA)

= Smaller package offering
= |eadless package offering

950 uV Offset voltage range
- Tl offering ZD in higher bandwidths targeting niche markets,

Support Needed
nonetheless, have developed IP to set the trend for Zero-Drift » PUSH Super-8 products and Zero Drift in Current Sensing in BMS, OBC, Seat/Mirror/
Am pS Peddle Positioning, Climate control, Automotive Sensor Applications, Infotainment,

New Product Introduction
I e e

36V, 3 MHz General Purpose

PRODUCT ROADMAP

‘N0821912/4 Released NCV272/274 Amplifiers
NCS21911 Low
2 MHz 36V ‘ ‘ Power Released NCV20166 5V, 10 MHz, 1 mV Offset, Op Amp
% NCS2180x NCS21961
c 1 MHz 5V @ 36V, 10 MHz Z& Sampling NCV20064/84/94 5V, 350kHz to 3 MHz, Op Amps
'% l\éﬁngg\ﬂ&& NCV20101/2/3/4/5
S 2,36V, 1m TLV900x IMHz 1mV In Dev NCS2023x 36V, 3 MHz, 1mV Offset Op Amp
@ ’ “ Released
N%%?ﬁ%ﬁlimf ‘ ’ ‘ < Development Released NCV21911/2/4 36V, 3 MHz Zero-Drift Amplifiers
e Concept Precision
NCV20241/2/4 . ’ Released NCV21871/2/4 5V, 350 kHz, Zero-Drift Amplifiers
LMV84x 4.5MHz 1mV ’
> ) . -
5020 091 022 Sampling NCV21802 5V, 1.5 MHz Zero-Drift Amplifiers

m!
59 Public Information © onsemi 2022 Onse ‘
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Expanding the Portfolio with New Op Amps

Power Management

Addressing signal
conditioning needs in
wide variety of
applications

Sensor

E"ﬂgﬁ Low Power Op Amps
. p/N | ProductDescription

NCS2005 1.3mA, 8.5MHz, RRIO, 6mV Max V,,, V;=2.2V — 32V
NCS2006xNEW 140pA, 3MHz, RRIO, 3mV Max Vg, Vs=1.8V — 5.5V
NCS2007x 400pA, 3MHz, RRO, 3mV Max V,q, Vs=2.7V — 36V
NCS2008x NEW 50pA, 1MHz, RRIO, 3mV Max V|,, Vs=1.8V — 5.5V
NCS2009xNEW 20uA, 350KHz, RRIO, 3mV Max Vg, Vs=1.8V — 5.5V
LM7301 600pA, 4MHz, RRIO, 6mV Max Vg, V¢=1.8V — 32V
NCV952 750pA, 3.5MHz, RRIO, 8mV Max V,q, Vs=2.7V — 26V

Input—|
square
wave

High Slew Rate Op-Amps

Qutput
limited by
slew rate

P/N Product Description
NCS2003x 8.5V/ps SR, 7MHz, RRO, 20nV/rtHz Noise, V4=1.8V — 5.5V

E‘)ﬂgﬁ Low Power Comparators

P/N
NCS3402 18ps tPHL, 0.47pA Icc, Open Drain, Dual, V¢=2.5V — 16V

TS391 0.35ps tPHL, 0.5mA Icc, Open Drain, Single, V=2V — 36V

TS393 0.8ps tPHL, 9pA Icc, Open Drain, Dual, Vg=2.7V — 16V

NCS2202A 0.5us tPHL, 9puA lcc, Open Drain, Single, RRIO, V=0.85V — 6V

NCS2250NEW 74ns tPHL, 80pA Icc, Push Pull, Single, RRIO, V4=1.8V — 5.5V

Subiic Information

Interface/
Communication

Motor Control/
Drive

Display

Zero Drift Precision Op-Amps

NCS325 501V Max Vo, 0.250uV/°C, 350 kHz, RRIO, Vs=1.8V — 5.5V
NCSx333NEW 30pV Max Vo, 0.070uV/°C, 350 kHz, RRIO, V,=1.8V — 5.5V
NCS21911NEW 25uV Max V,o, 0.085uV/°C, 2 MHz, RRO, V=4.0V — 36V

Current Sense Amplifiers with Wide CMV

Product Description
NCS21xRNEW Vewr = -0.3V to 26V, Gain Error = 1.0%, 140dB CMRR, 35 uV V,,
NCS199AXRNEW Vewr = 0.3V to 26V, Gain Error = 1.5%, 120dB CMRR, 1504V Vo
High Side
. Advantages
Current Sensing
_ » Detects load shorts
(High CMR) 48V )
/ * No ground path resistance
seNsE = | Disadvantages
a8y imi = . .
* More expensive than low side

sensing (primarily due to high
voltage process)

q4r.95V

New Products released within past 18

onsemi
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In Development: NCS(V)7041 - Bidirectional

Value Proposition

The NCS(V)7041 is a high voltage, high resolution, bidirectional current sense amplifier. It features gain options of 14/20/50/100 V/V, with a max. +0.3% gain error over -40 °C
to 125 °C . The part consists of a preamplifier and buffer with access to output and input via A1 and A2 pins for an intermediate filter network or modified gain. The NCS(V)704x
can perform bi- or unidirectional current measurements across a sense resistor with excellent common-mode rejection from -5 V to 80 V.

Device Block Diagram

Unique Features Benefits
« Common-Mode Range: -5V to 80 V * The wide Common-Mode Range which b i
-14 to 85 V survivable includes ground provides for better NCS704x @
- Offset Voltage: 300 pV (Max.) transient response from inputs. 100 k0
« Offset Drift: 3 uV/°C » The Vref pin allows the output signal to Vaer
« Gain Error; £0.3% (Max.) be ground, Vs referenced for bi- ‘
 Supply: 4.5V t05.5V directional operation. N o N
I: EMI Filter ouT
Others Features N
*+ CMRR (DC): 90dB, (AC): 90dB up to 20kHz 200 ko 200 ka
* Bandwidth: 100 kHz
+ Slew Rate: 1 V/us

* Gain Options: 14 V/V, 20 VIV, 50 V/V, and 100 V/V

. VRer GND
* Quiescent Current: 3 mA _
Packages/ Pin Outs

Market & Applications ,

-IN [I] ncs704x [B] +IN Product Gain NGV Prefix for Automoti g

. * retix ror Automotive an

* Telecom Equipment GND (2] 7] Veee INCS(V)7041xxG14 14 V[V Other Applications Requiring
. Pgwer Sl_,lpp!y Designs 22 % g ;/ZT NCS(V)7041xxG20 20 V/V Unique Site and Control
* Diesel In_Jectlon Control NCS(V)7041Gxx50 50 V/V igéérlggggqgg:mieegtznd -
* Automotive
« Motor Control Ms'glRCOéS NCS (V)7041xxG100 | 100 V/V Capable

» Solenoid applications

onsemi
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Just Released!!! NCS(V)21673/4/5 ( Multiple Channels)

Value Proposition

The NCS21673/4 are precision current sense amplifiers featuring low input offset voltage and low offset drift over time and temperature. With gains of 20, 50, 100 and
200V/V, these devices can measure voltage across shunts at common mode voltages from -0.1V to 40V. They operate from 2.7V to 5.5V and are available in space saving
packages.

Unique Features Typical Application diagram Packages/ Pin Outs
* Wide common mode input range: -0.1 V to 40 V _ _ g Nesz1e73
« Supply voltage range: 2.7 V to 5.5 V /nglllgﬁgr’]‘sf‘g e’?]‘fjti‘r’ir:gtb"nei;:‘sg::gn g Nesa167s out [7 5] ve
* Low offset Vo_ltage: il(lo uv Control Change Requirements; GND [2 A
: tga offset drlft.: +1 0pV/ C max égsa-bcll‘goo Qualified and PPAP B w7 e 3 i
gain error: £1 % max .
« Low current consumption: 300 yA max per channel Zfonee j> e Single Channel
Benefits '—_IL - V\AJ NCS21674
« High bandwidth of 350 kHz and slew rate which allows for fast detection in the M - ? ve
changes of current - |I:+1| - ::[;' l%% ;:U;z
* When current is sensed in multiple points in a system, a multichannel solution 4 W oND [ 5] N+ 2
offers space and cost savings ' N
+ Wide common mode ranges independent of the supply voltage is helpful to 3o ji &
measure not only fast transients but also be used for both high side and low side = NCS21675
current sensing. prrooess o ouT E % ouT4
GND IN-1 [2 13] IN- 4
Market & Applications - Eﬁ L<[j
Thermal Management Circuits . Automotive lNV;% %?NNZ
+ Transducer Applications « Telecom I"??"“ﬂ s E% [<[E s
+ Current Sensing in Motor Control, Lighting « Industrial . out2 [7] 8] outs
etc. « Computing : - vt e
+ Power Supplies « Medical >
» Battery Powered/ Portable Applications
» Electronic Scales, Wheatstone Bridges

* |nstrumentation in Medical and Industrial

62 Public Information © onsemi 2022 Onse' I “



In Development: NCS(V)21671 (Integrated Filtering)

Value Proposition

The NCS21671 are a series of voltage output current sense amplifiers offered in gains of 25, 50, 100, and 200 V/V. These parts can measure voltage across shunts at
common mode voltages from —-0.1 V to 40 V, independent of supply voltage. The low offset of the zero—drift architecture enables current sensing with maximum drops
across the shunt as low as 10 mV full-scale. These devices can operate from a single +1.7 V to +5.5 V power supply, drawing a maximum of 40 YA of supply current.

Unique Features

Wide Common Mode Input Range: - 0.1 V to 40
Vv

Supply Voltage Range: 1.7Vto 5.5V

Low Offset Voltage: £25 pV max

Low Offset Drift: 0.5 pv/°C

Low Gain Error: £0.3% max

Others Features

CMRR (DC): 114

Bandwidth: 20, 30, 40 kHz

Slew Rate: Typ 0.4 V/us

Gain Options: 25, 50, 100, and 200 V/V
Quiescent Current: 50 HA max

Benefits

* An enable function is
provided to reduce
current drain through the
input pins and power
supply pins to negligible
levels.

Optional Input Filtering: Add External Capacitor to Set Cutoff Frequency

Enable

Market & Applications

63

High-Side Current Sensing .
Low-Side Current Sensing
Difference Amplifier
Telecom

Power Management
» Battery Charging and Discharging
» Automotive

Public Information

Typical Application diagram

—> lowo

Supply

o—

Packages/ Pin Outs

Industrial and Cor

Load

Enable high
Shutdown low

17Vto55V
supply

Package GAIN Enable Filter Pins Part Numt
25 No No NCS21671SQ025T2G
50 NCS216718Q050T2G
SC70-6 100 NCS21671SQ100T2G
200 NCS21671SQ200T2G
25 Yes Yes NCS21671DMO25R2G
Microl0 50 NCS21671DMO5S0R2G
100 NCS21671DM100R2G
200 NCS21671DM200R2G

Automotive Grade1 Qualified

Package GAIN Enable

Filter Pins

Part Number

25 No

50
100
200

SCT0-6

No

NCV2I16715Q025T2G

NCV2I16718Q050T2G

NCV2I6718Q100T2G

NCV2I16715Q200T2G

25 Yes
50
100

Microl0

200

NCV21671DMO25R2G

NCV21671DMOSDR2G

NCV21671DMI00OR2G

NCV21671DM200R2G

© onsemi 2022

ne [1]
Cne [2]
IN+ [3]
IN-[4]
Cw [5]

10] ouT
ERE
| 8 | REF
7 ] EN
5] v

Micro10/ MSOP10 Package

REF [1]
GND [2]

vs [3]

6] out
[5] In-
[4] IN+

SC70-6 Package

onsemi

NC denotes no
internal connection.
Pins can be left
floating/connected to
voltage between VS
and GND.



NCS21671 ( Integrated Input Filtering)

Differential Mode Filtering is often necessary

because of noise Rsense §

 Eliminates unwanted high frequency signals before
entering the amplifier
* Prevents input overload
* Prevents aliasing
* Requires a differential configuration with 2 resistors
 Resistor values are restricted to low values, e.g. 10Q
Common-Mode Filtering is most often needed for

very high frequency and RF suppression (EMI)
* Not as frequently needed as differential mode
At low frequencies, requires matched capacitors

External input filtering resistors mismatch could potentially add
additional offset at the inputs and also degrade the CMRR

performance.

NCS21671 takes advantage of the precision SICr process to
provide highly matched input filter and gain setting resistors
integrated on-chip improving CMRR.

64
64 Public Information © onsemi 2022

Ret
10 Q

Crir

RFILT

10Q

Current
Sense
Amplifier

Current
Sense
Amplifier
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In Development: NCS(V)7041. - Bidirectional

Value Proposition

The NCS(V)7041 is a high voltage, high resolution, bidirectional current sense amplifier. It features gain options of 14/20/50/100 V/V, with a max. +0.3% gain error over -40 °C
to 125 °C . The NCS(V)704x can perform bi- or unidirectional current measurements across a sense resistor with excellent common-mode rejection from -5 V to 80 V. The wide
Common-Mode Range which includes ground provides for better transient response.

Unique Features

Common-Mode Range: -5Vto 80V -

-14 to 85 V survivable

Offset Voltage: 300 pV (Max.) .

Offset Drift: 3 uv/°C
Gain Error: £0.3% (Max.)

Market & Applications

* Telecom Equipment

* Power Supply Designs
* Diesel Injection Control
* Automotive

* Motor Control

» Solenoid applications

65

Supply: 45Vto55V
CMRR (DC): 90 dB
Bandwidth: 100 kHz
Slew Rate: 1 V/us
Quiescent Current: 3 mA

Packages/ Pin Outs

-IN [1] Nes70ax [8] +IN
GND [2] 7] Ve
Al [3] 6] Vs
A2 [4] 5] ouT

MICRO-8
SOIC-8

*NCV Prefix for Automotive and Other Applications
Requiring Unique Site and Control Change
Requirements; AEC-Q100 Qualified and PPAP

Capable

Benefits

The EMI filtering
on the supply rails
and the inputs
eliminates the
noise before it
enters the signal
chain

Public Information © onsemi 2022

+IN

-IN

Al and A2 pins also allow
gains to be adjusted
between fixed gain options

Al and A2 pins allow an intermediate
filtering network. A single or dual pole filter
can be created to eliminate noise from the

output gain stage, increasing the overall
accuracy of the current measurements

Al A2

NCS704x

L

EMI Filter

Vs
EMI Filter
100 kQ

Vrer
AN

200 kQ 200 kQ

ouT

VRrer GND

The Vref pin allows the output
signal to be ground, Vs
referenced for bi-directionality

onsemi
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NCS(V)703x & NCS(V)7041 “80V Common Mode”

Device Functionality Overview

Preamplifier

Gain =7, 10, 20, 50

+IN o

-INo

» Separated Amplifier Stages Gain Adjustment:
- By separating the two stages the gain can be decreased
are increase with a single resistor. This is similar to setting
gains using feedback resistors in classic op-amps.
- When fixed gains meet application requirements pins Al &
A2 are simply tied together.

« Separated Amplifier Stages Filtering:

~

100kQ§

Buffer
Gain =2

~I>~—o ouT

Al

A2

iREXT

Lower Gain

Preamplifie

Gain =7, 10, 20, 50

- By separating the two stages filtering can be added before e

the buffer stage to improve precision by improving the signal  -wo
to nise ratio.

- When the application does not require filtering pins A1 & A2

are tied together.

66

100 kQ

>

r

2

Buffer
Gain = 2

>

—0 oUT

Al

A2

T Crur

Single-Pole Low

Pass

Public Information © onsemi 2022

Gain =7, 10, 20, 50 Gain =2

Preamplifier Buffer

+INo-

-INo-

0 QUT

> >

100 kQ g

Al A2

NN

Rexr

Higher Gain

Preamplifier Buffer
Gain = 7. 10, 20. 50 Gain=2

+IN o

-INo-

o0oUT

> 1>

100k£2§

Al A2
Rexr

alla

j:c

1
C2

Two-Pole Low Pass

onsemi



NCS(V)703x & NCS(V)7041 “80V Common Mode”

Device Functionality Overview

« NCS(V)7041 Bidirectional Capability:

In many systems and applications, the requirement is to
measure current flowing in both directions. Example:
Electric Vehicle charging and discharging.

The voltage reference pin (Vref) can be set halfway
between the positive supply (Vs) and ground (GND) This
allows the polarity of the input to swing positive and
negative.

» Performance Improvements of both NCS(V)703x & NCS(V)7041

67

67

These devices utilize Zero-Drift amplifier architecture
providing significant improvements in precision vs similar
competition devices. Input offset voltage is improved and
input offset voltage drift with temperature is minimized.
This architecture also improves precision over time and
operating voltage changes. Providing system designers
with stable operation for the life of their system design.
The improved bandwidth provides faster response to
current level changes improving system level
performance.

Public Information

Vg=5V

NCS7041
Vg ouUT p—o
sense +IN A
resistor
—IN AL f—y
VREF GND

© onsemi 2022

Bidirectional Current
Sense

onsemi



NCS210R/211R/213R/214R

Value Proposition

www.onsemi.com/NCS210

The NCS21x and NCV21x are voltage output current shunt monitors that can measure voltage across shunts at common-mode voltages from —-0.3 V to 26 V, independent
of supply voltage. Four fixed gains are available: 50 V/V, 100 V/V, 200 V/V 500V/V. The low offset of the zero—drift architecture enables current sensing with maximum drops

across the shunt as low as 10 mV full-scale

Unique Features Benefits

+ Wide Common—-Mode Input Range: 0.3V to 26 + The wide Common-Mode
V Range which includes

» Supply Voltage Range: 2.2 Vto 26 V ground provides for

* Low Offset Voltage: £35 pV max better transient response

* Low Offset Drift: 0.5 pVv/°C at the inputs.

Low Gain Error: 0.2% typ., 1% max
oadd ablllty up to 30V
Otlhers Feature

CMRR (DC): >100 dB, (AC): >90 dB up to 20kHz
+ Bandwidth: 90 kHz
* Slew Rate: 1 V/us
» Gain Options: 50 V/V, 100 V/V, 200 V/V and 500 V/V
* Quiescent Current: 80 pA max

Market & Applications

. TeIecom_Equipment + Power Management

+ Automotive + Battery Charging and Discharging

« Sensors

68 Public Information

CIUT| A0 1

Typical Application dlagram

Supply

Load

o)

Packages/ Pin Outs

L CI'.INI-EL'-_WNS

~

:l ol
:l -

J I+

HEF| & [N -

L] -]

Z:, e

LS

-.EQ hu=

© onsemi 2022

R1
R3
IN- - Output
ouT O
I+ b2 Reference
R4

9 Volt
, oltage

7
REF

GND
—

Vs
+2.2V t0 426 V |:|_|
001|.1F =

01|.1F -

Product Gain R3-R4 R1-R2 . .

NCS210 500 = KQ ma * *NCV Prefix for Automotive

NCV210 200 5kQ 1MQ and Other Applications

NCS211 500 2kQ 1MQ - - :

NCSo13 = 26 k0 e Requiring Unique Site and

NCV213 50 20 kQ 1MQ Control Change

mg%]j :l‘gg :g Eg j: "t:g Requirements; AEC-Q100
: Qualified and PPAP

Capable

onsemi
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Gate Drivers
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High Voltage IGBT Gate Drivers

High side &

Non-Isolated Internally Isolated

Low side
0 NCD5700/02 NCD57200,01 NCD57000/01 NCD57080/84/85/90 NCD57252
(@] . .
o NCD5701/03(A/B/C) Single channel Single channel Dual channel
0 SO16 & SO8 St S016 wide body S08 narrow & wide body S016 wide body
(®) : .
5 P2P with IR/IFX & ST P2P w/ Tl & IFX P2P w/ T, IFX, Analog P2P w/ T, SiLabs
\ \ W
G ( HVAC ( h N\
CZ) PEC [Pk UPS PTC Heaters
= Motor Control Solar Inverter BSG Inverter
S UPS White Goods Motor control 0BC
- Motor Control 2.Switch PTC Heater EV Chargers Traction Inverter
<t 1-Switch PTC Heater
\ \ A / /
4 . N N
) High Drive Current High Drive Current High Drive Current
= Full Features: DESAT, . Full Features: DESAT, Clamp, UVLO, Vee, STO
5 Clamp, UVLO, TSD, Vee -y Aol Dl Isolation Certification: UL/VDE/IEC
I
\_ - .

onsemi
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Public Information
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I G B T G at e D r | V e r S NCD(V)5701 NCD(V)57000 NCD(V)57100 NCD(V)57080 NCD(V)57252 NCD(V)57530
NCD(V)57090 NCD(V)57255 NCD(V)57540
High voltage range(junction) 36V 25V 32V 36V 36V 36V
Isolation voltage (V,so) - 5000 Vgus 5000 Vrys 3750/ 5000 Vgys 5000 Vrys 5000 Vgus
# Channels Outputs 1 1 1 1 2 2
bridge(half) -- -- -- -- v v
isolate or isolated -- v v v v v
HelHEslE non-isolated v -- -- -- -- --
output current sink/source 4A/6A +4A/ -6A 4A/6A 6.5A/6.5A 6.5A/6.5A 3.5A/3.5A
negative voltage -18V(ver.B) -10V -10V - -
UVLO(dec/inc) 12.5V/13.5V 12.5V/13.5V 12.5V/13.5V 12V/12.9V 12V/12.9V 55;12V/12.9V
EN(on/off) -- -- -- -- v v (530 Dis)
(ANB,DIS pin) v (540 En)
Rise/fall time 9.2ns/7.9ns 10ns/15ns 10ns/15ns 13ns/13ns 12ns/10nstyp 12ns/10nstyp
Dead time - -- - - 20ns min 20ns min
Package SOIC8 SOIC16WB SOIC16WB 080: SOIC8NB SOIC16WB SOIC14WB
090: SOIC8WB
Function Miller Clamp, Miller Clamp, Miller Clamp, Clamp Cross conduct cross conduct
Negative Out, Negative Out, Negative Out, protection, ANB protection
Separate Out, Separate Out, Separate Out,
FLT out FLT out FLT out
Note A:Miller Clamp DESAT test A: Miller Clamp H/L side input >8mm Creepage &
B:Negative Out B: Negative Out Clearance. P2P with
C:Separate Out C: Separate Out T1 UCC22530/540
Status Production Qroduction Sampling-MP’QB/ Production Qroduction Sampling-MP’'Q2 /

onsemi



Non-Isolated 1-Channel Gated Drivers

IGBT Gate Drivers (Non-Isolated)

OPN Versions Key Feature(s) Package Type Samples Release Date = Datasheet App Note Demo Board
NCD(V)5700 High Current IGBT Gate Driver SOIC 16-Narrow Body Production Released onsemi.com Released Available
NCD(V)5701 A/B/C IGBT 8-pin driver, narrow body SOIC 8-pin Narrow Body Production Released onsemi.com Released Available
NCD(V)5702 5700 with open-drain (vs. active low) FAULT output  SOIC 16-Narrow Body Production Released onsemi.com Released Available
NCD(V)5703 A/B/C 5701 with open-drain (vs. active low) FAULT output  SOIC 8-pin Narrow Body Production Released onsemi.com Released Available
NCD(V)5703 D 5703C with Enable SOIC 8-pin Narrow Body Production Released onsemi.com Released Available

NCD(V)5705B 5703B with Lower UVLO SOIC 8-pin Narrow Body Production Released onsemi.com Released Available
NC(V)5707 A/B/C IGBT 8V/7V UVLO SOIC 8-pin Narrow Body Production Released onsemi.com Released Available
EN [1]o [16] CLAMP
VIN [ 2] 15] VEEA
VREF [3] 14] VEE
FLT [4] [13] aND
GNDA E El VoL VIN = L5 CLAMP viN = > vEE VIN o] L5 GND VIN o -5 GND
NC 6] 11] VOH VREF 2 7 2 7 2 7 2 7
== o GND VREF (O GND VREF =5 VoL VREF D EN
RSVD [7] [10] vee FIT o 5 Vo FLT l:-:': :E:l Vo FIT o -2 VOH FIT o -5 VOH
Ne [8] 9] DESAT DESAT o 5 vee DESAT o= o viee DESAT 5 viee DESAT - vee
NCD(V)5700/5702/5706 NCD(V)5701/5703 NCD(V)5701/5703 NCD(V)5701/5703/5707 NCD(V)5703

A: Active Miller Clamp B: Negative Output Voltage C: Separate V,/Vgy Outputs D: With Enable Pin

onsemi
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NCD(V)5700/02: Full Featured, Non-Isolated Gate Driver

» High current (4 A/6 A src/snk) at Miller Plateau Voltage

m

g
%

=
Ea‘:
Ez]
m
il

ﬁmm

i

+ Wide (Vc-Vge) Operating range w/ negative voltage

capability ST 2]
 FLT indicator for micro [T ND )

» DESAT detect with programmable delay

Logic Unit

A

» Miller clamp with high sink current

* Regulated VREF for external use (E_F

(Gioa]
[ne]

« Tight UVLO for IGBT safety =
=

« EN input for additional protection

]
£
v 2

Markets & Applications q VR Dﬂ o —
|
* Industrial: Inverters, Motor Drive, UPS 1 =N wﬂt m_m}
« Automotive: Power Supplies, PTC Heater %ﬁﬁ » CLE:'; _
VEE L | vee
Package / Options 11
?{# FLT

« SOIC-16 Narrow, Full protection features

mr
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NCD(V)5701/03 — Reduced Feature in SOIC-8

NCD5701A NCD5701B

NCD5701C
,__ VREF  DESAT ™ - _,__ VREF  DESAT >t < ,__ VREF  DESAT ™ |
:I: vee IVCC :I: \Yee IVCC :I: vee IVCC
= VO M/\/—T—H:Zg = Vo AN H:ZS — VOH m_{l\/‘zg
CLAMP vot
%Z}K— VIN GND < %§)<— VIN GND I < %Z}K— VIN GND Y
VEE l |vee
i ITT Ne 4l TTT b ITT
VIN O CLAMP VIN O VEE VIN D: O :I:‘ GND
VREF [T [T GND VREF [T ] T GND VREF [T | [ []voL
T (1] ] vo T 1] [ Jvo T 1] [T voH
DESAT vee DESAT _ vCe DESAT [T | [ []vec

Key Features +Options Targeted Applications

NCD(V)5701A SO-8 VREF+FLT+DESAT+ CLAMP Welding, Low-end UPS/Solar, Automotive power supplies
NCD(V)5703A
NCD(V)5701B SO-8 VREF+FLT+DESAT+ VEE Welding, Low-end UPS/Solar, Automotive power supplies
NCD(V)5703B
NCD(V)5701C SO-8 VREF+FLT+DESAT+ VOH/VOL Welding, Low-end UPS/Solar, Automotive power supplies
NCD(V)5703C
WCD(V)5703D SO-8 VREF+FLT+DESAT+VEE + Enable PTC Heater (Enable pin for shut-off) — Sampling Q4’21 .mi
- L 4 -’ ™
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NCV5707B — Non-Isolated MOSFET Gate Driver

Features

» High current (4 A/6 A src/snk) at Miller Plateau to reduce switching losses

Rail-to-Rail driver output stage to reduce conduction losses

Pin for negative gate voltage for bipolar gate drive

DESAT short circuit protection with FLT indicator

Soft turn off during DESAT to prevent VDS voltage overshoots

Regulated 5V Reference for external use

* Tight UVLO for MOSFET safety

Markets & Applications

« Automotive: Low/Med voltage traction inverters for XEV, BSG inverters,

Automotive power supplies

Package / Options

SOIC-8 narrow body

75 Public Information
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r VREF
1

N
A

DESAT

VCC

VO

GND
VEE

viN [T ] O
VREF [_|
AT [T

DESAT [ |
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Isolated 1-Channel Gated Drivers

IGBT Gate Drivers (1-Ch Isolated)

OPN Key Feature(s) Package Type UVLO (V) Tep (ns)* Samples RTM Status Demo Board
NCD(V)57000 Full Featured Single-Channel IGBT Driver ~ SOIC-16 Wide 12.2t012.8 60 Available Released Available
NCD(V)57001 NCD57000 with Single Output SOIC-16 Wide 12.2t012.8 60 Available Released Available
NCD(V)57080 A/B/C  Single Channel IGBT Driver (Wide Body)  SOIC-8 Wide 11.5t012.5 60 Available Released Available
NCD(V)57030 ll-\)//?iﬁ Single Channel IGBT Driver (Narrow Body) SOIC-8 Narrow 11.5t012.5 60 Available Released Available
NCD(V)57084 Single Channel IGBT Driver (Narrow Body) SOIC 8 Narrow 11.5t0 12.5 60 Available Released Available
NCD(V)57085 Single Channel IGBT Driver (Narrow Body) SOIC 8 Narrow 11.5t012.5 60 Available Released Available
VoD =f¢ L2 e Voor e L5, GND2 Voor = L Vees Voor = L GND2
== o o IN+ 2 o CLAMP IN+ o GND2 IN+ o o oUTL
veeza {0 o oenor O ='j= = DESAT IN- :j: :‘i: ouT IN- |:§: = ouT IN- .=.j= = OUTH
DESAT [T — vDD1 GND 5 =='E GND1 e O Vppo GND1 O Vppe GND1 o Vppo
R — NCD(V)57084 Option A: Active Miller Clamp ~ Option B: Negative Output Supply Option C: Separate V,, /V,, Outputs
VDD2 [T 11 RDY
ouTL o] 1 IN- 1 8
CLAMP [T T IN+ VDD ﬂ2=< :75 Vs Voor o = CLAMP Voo B} © = CUTL Voo: B © = Voo
VEE2 1] [11 GND1A IN |:13: :L::I HO IN+ —3 OUT IN+ =y = OUTH IN+ = =1 ouT
NCD(V)57000/01 FLT = (o CS IN- o =T Voo IN- O Voo IN- ] 1 CLAMP
*NCD(V)57000 only GND e o Vs GND1 o = GND2 GND1 o= 3 GND2 GND1 ] O GND2
NCD(V)57085 Option D: Active Miller Clamp  Option E: Separate V, /V,, Outputs Option F: Active Miller Clamp

m!
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16-pin WB SOIC Isolated Gate Drivers — Specs & Pin-out

Parameter

Source Current

Sink Current

Prop. Delay

Delay Distortion
(tpdoff-tpdon)

Isolation Voltage

CMTI

Operating Temp

77

ON
NCD57000

7.8Apk

7.1Apk

66ns

15ns

5 KV

100kV/us

+125

—

Digital Isolated Drivers

2Apk

2Apk

170ns

25ns

4.5 KV

50kV/us

+105

2.5Apk

5Apk

76ns

20ns

5.7 KV

100kV/us

+125

Infineon Tl Analog
1ED020I112 ISO5852S ADuMA4135

4Apk

4Apk

55ns

15ns

5KV

100kV/us

+125

Public Information

Opto-Drivers

Avago

2.5Apk

2.5Apk

180ns

150ns

5 KV

50kV/us

+105

© onsemi 2022

ACPL-333)J

P2P w/ Infineon

- — 0
VEE2A © enpt | VEE2 GNDI [16]
DESAT [T 13 vccl [7]| pEsat veer (3
GND2 [T [T RST [3]| GND2 RST [14]
N/C 1T NCD57001 [T FLT []| NC  reozonza2 FLT [13]
veez LI [T RDY [5]| veez RDY [12]
out I} T IN [e]f out IN- [11]
CLAMP [T T INe [7]| cLamp IN+ [10]
8 || VEE2 GNDI |9
VEE2 T [T GND1A (5] INDL 9]
P2P w/ TI
VEE2A T O [—13J &nDL
vee Ve [Tt © 16[ T ]GND1
DESAT |
T — DESAT[ ]2 15 T ] Veer
GND2 LT 1 RsT GND2 [ |3 ! 14[TJRsST
Z |
OUTH [T [ T NC/OUTH[ T |4 o BT
NCD57000 <
Vee2 1T [T rov Vee:[ 1|5 e 12| T |RDY
outL CT—] 1 - out[T]e QI NN
CLAMP T T INe cLAaMP [ |7 10 ] IN+
Vee:[ ] |8 9 T]GND1
VEE2 (1 [T GND1A

|5056525/1505851/1S05452150:5451
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NCD(V)57080A/B/C 8-pin Narrow Body Isolated Gate Driver

Features

High current (4.0 A/6.0 A src/snk) at Miller Plateau Voltage

Galvanic Isolation up to 3.75 kV
CMTI > 100kV/us @ 1500V

Typical 60ns propagation delays

Miller clamp, Negative gate voltage, Split output options
Tight UVLO for IGBT safety

Markets & Applications

e Solar Inverters, Motor Drive, UPS

EV Chargers, Automotive Power Supplies

Package / Options

« SOIC-8 Narrow Body

78 Public Information

veel LI O — T GND2
IN+ T T CLAMP
- o] NCPRTOR0R 1 our
GND1 [T — T vee2
veel O] O — T VEE2
INd T 1] GND2
N CT—] Neps70808 — our
GND1 T — 11 vce?
veel LI O — T GND2
N+ T — T ouTL
NCD5S7080C
IN- T — T OUTH
GND1 [T — T vee2

© onsemi 2022
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NCD(V)57090 8-pin Wide Body Isolated Gate Driver

Features

Markets & Applications

High current (4.0 A/6.0 A src/snk) at Miller

NCD57030C

[T GND2
— ] ouTL
1] OUTH
11 voDz2

Plateau Voltage voo1 T 0 -1 eno2 voot . 0 T vee2  voot (1
I I k M+ T L] CLamar I+ I GhD2 IN+ [T
Galvanic Isolation up to 5 kV NCD57090A
P InN- 1] ] out IN- 1T NCD570308 1 out IN- T
CMTI > 100kV/us @ 1500V GHDL 1T T voo2 GNOL T [ wob2 GO (1T
Typical 60ns propagation delays
Miller clamp, Negative gate voltage, Split output ;,, 5 13 ce voo: (0 oo voor T
Optlons N+ [T NCD57090D 1 our N+ O] NCD57090E 1] OUTH e T
Tight UVLO for IGBT safety wH —H e —oe S
GHOT [T o e 1] GHNR? GNDL T

Solar Inverters, Motor Drives, UPS

Automotive power supplies, EV Chargers

Package / Options

SOIC-8 Wide Body

Public Information

0

NCD57090F

[ voo2
D our
O cuawe

[T GhO2

© onsemi 2022
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NCD(V)57084/57085 8-pin Narrow Body Isolated Gate Driver

* High current (4.0 A/6.0 A src/snk) at Miller Plateau Voltage

3
L

[T
Markets & Applications Ej}f ~

« HVAC, IH, Motor Drives, UPS

« Galvanic Isolation up to 2.5 kV Dg_i— jﬁ>— v;/—

« CMTI > 100kV/us @ 1500V i % LR

- Typical 60ns propagation delays | i | ] Lo

- DESAT/CS with FLT R mf

. Tight UVLO for IGBT safety = Y =
| v

« EV chargers, Automotive Power Supplies

VDD [T O —T11vVvy VDDLCI 1O T 1 Vs
P k /O . IN CT__| 1 1 HO IN — T 1 HO
ackage / Options _ NCD57085
FLT T NCD57084 T ] DESAT FLT [T 11 CS
« SOIC-8 Narrow Body
GND [T} — T v, GND LI T Vs

onsemi
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Isolated 2-Channel Gated Drivers

IGBT Gate Drivers (2-Ch Isolated)

OPN Key Feature(s) Package Type UVLO (V) Tep (ns)* Samples RTM Status Demo Board
NCD(V)57200 Half-Bridge with deadtime & interlocks ~ SOIC-8 Narrow 11.0to 12.0 90 ns Available Production Available
NCD(V)57201 Half-Bridge with two independent inputs  SOIC-8 Narrow 11.0to 12.0 90 ns Available Production Available
NCD(V)57252 Two-Channel Output IGBT Driver SOIC-16 Wide 11.5t012.5 60 ns Available Production Available
NCD(V)57255 Two-Channel Output IGBT Driver SOIC-16 Narrow 11.5t012.5 60 ns Available Production Available
NCD(V)57530 Two-Channel Output IGBT Driver SOIC-14 Wide 11.5t012.5 60 ns Available Production Available
NCD(V)57540 Two-Channel Output IGBT Driver SOIC-14 Wide 11.5t0 12.5 60 ns Available Production Available

*Tpp (ns, Out-H Typ @ 25C)
INAT] O 10 Vooa Length x Width INA [T (11 Vooa
INB [T [ T1] OUTA 10.3 X 7.5 mm 9.9 x 6.0 mm INS [T LI OUTA
Voo [T GNDA ) ) Voor (1] [ GNDA
= - VIO0RM (Max Working Insulation Voltage) ‘
GND [T TINC GND [T FTne
DIS [T —TINC 1200 VeK 1200 Vek DIS [T [CTNe
T [T [T Voos VIOTM (Max Allowable Over Voltage) oT 1] (11 Voos
ANB [T [ 1]0UTB 8400 Vpk 4200 Vpk ANB [T [C1JouTB
V GNDB Voor [ 1] GNDB
oo [T — Creepage & Clearance - ‘
SOIC 16 Wide 8 mm 4 mm SOIC 16 Narrow

81
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NCD(V)57200/01/02 Half Bridge Gate Driver

Voo

) P2P w/ IR2101 A > —— 1
» High current +/- 2 APK ’

J IRS2301S, 3
* DC bus operation up to +800V IRS2001 Voo Vg
* Immunity to negative VS stress 0o HIN :
« 3.3V/5V/15V logic input o LIN
« 100kV/us CMTI

GND
« Asymmetric UVLO protection for both channels
« VCC/VB up to 25V
« Qutput in phase with input signals nterlock Sead nput Filter | +800V
_ . time Time ]
Markets & Applications NCD(V)57200 | Yes 300ns | 20ns
* Bi— Directional Boost NCD(V)57201 | No, No 20ns
Independent
« LLC Channels
* Full & Half Bridges NCD(V)57202 | Yes 1000ns | 600ns ON
: & 400ns
Package / Options OFF -800V FE AR A S A A A

« SOIC-8 Narrow Body or die sale for the IPM version

© onsemi 2022 Onsemi
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NCD(V)57252 Dual Channel Isolated Gate Driver

§]
E

UVLOA
L
iy [ T

A

Features

* High current (4.0 A/6.0 A src/snk) at Miller Plateau Voltage

5

2]
3]

« Galvanic Isolation up to 5 kV
« CMTI > 100kV/us @ 1500V

Deadtime Functional Isolation

— d
E& % -U Inti?lock

=4l 4
ofjo

« Typical 60ns propagation delays

« Tight UVLO for IGBT safety i % !

« 3.3V, 5V, and 15V Logic inputs % T .
_ _ . _ L ~= A [ —

 Configurable for Dual Low-side, Dual high-side or Half-bridge ~— [%&J i )

Markets & Applications

Reinforced Isolation

§]
k

k2

[
E
@©

7]

H
H

« OBC, EV Chargers, Solar Inverters, Motor P2P w/ INA [T O 1] VDDA
TI SiLabS INB [T — T1 OUTA
Drives, UPS, Automotive power supplies, ’ veal [T —T1 GNDA

e GND 1] —T1 NC

- DISABLE [T —T1 NC
Package / Options p— - voos
. NC [T 11 OuUTB
« SOIC-16 Wide Body Pip— ) anos

m!
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NCD(V)57255 Dual Channel Isolated Gate Driver

§]
E

UVLOA
L
iy [ T

A

Features

* High current, +/- 4.0 Apk src/snk

5

2]
3]

« Galvanic Isolation up to 3 kV o ]
« CMTI> 100kV/us @ 1500V

Deadtime Functional Isolation

— d
E& % -U Inti?lock

=4l 4
ofjo

« Typical 60ns propagation delays
« Tight UVLO for IGBT safety
« 3.3V, 5V, and 15V Logic inputs

Reinforced Isolation

UvVLOB

M/V\/q%l
I
\ 7/
T
ol g
CIL

D

D=

5]

« Configurable for Dual Low-side, Dual high-side or Half-bridge =~ [t t——1J

Markets & Applications -

2]
i

« OBC,EV chargers, Automotive power supplies INA LT O L1 VDDA

9 P PP P2P w/ ADI, e T 1 ouma

* Motor Drives, UPS Tl, SiLabs veel 1] —T1 GNDA
GND [T —T1 NC

Package / Options D'SAB;: E i s

. SOIC-16 Narrow Body - E i o

mr
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Gate

Drivers OPN Selection Guide

Specs/Features | Target Appllcatlon.s
Automotive Industrial/Consumer
No. of Differential | DESAT Miller Split HV DC- Motor
channels Isolation Input w/ FLT Clamp VEE output Traction PTC OBC DC IH UPS | Solar | Control | HVAC
NCx5700/2 1 Vv Vv Vv V V Vv
NCx5701/3A 1 v Y, v v v v v v v
NCx5701/3B 1 Vv Vv Vv \ Vv \ V \Y \
NCx5701/3C 1 Vv V Vv Vv Vv Vv Vv \ Vv
NCx57000/1 1 v Y, Y, \Y; v Y, v v v
NCx57080A 1 Vv \ Vv Vv \ V \Y Vv
NCx57080B 1 Vv \ Vv Vv Vv Vv Vv Vv
NCx57080C 1 Vv \ Vv Vv Vv Vv Vv Vv
NCx57090A 1 \% \% \ \Y \Y %
NCx57090B 1 % % \% \Y \Y \%
NCx57090C 1 Vv \ Vv Vv Vv \
NCx57084 1 \% % \% \Y
NCx57085 1 Vv CS w/FLT Vv \
NCx57252 2 Vv Vv \ Vv Vv
NCx57530/540 2 \% \ \Y
NCx57200/1 2 Vv Vv Vv Vv v \%
NCV57050/150 1 v v v v

85
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Digital Isolators
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Common Isolation Techniques and Main Issues

Optical -> Optical transmission (fiber optics), optical coupling (optocoupler)
« LED degradation over time/temperature '

. i Ligntpath___ P out Emitter Chip Detector Chip
+ Slow (<25Mbit/s) sop e T | o
* Not economical for high-channel count T Ingag

Insulating film or dielectric Leadframe

* Thin insulation barrier (on-chip) REor

* Insulating materials susceptible to VINGE— e jﬂ{: rove {5 VOUT
damage from EOS/ESD (on-chip) =
. . . Isolation
« Higher power consumption (off-chip) Barrier

« EMI/EMC challenges

L. Resistors

- Magnetic interference w ( - fed
T \ > 7 roducing

* EMI susceptibility . e 2

Isolation Coil

Dic]ectricI
 Thin insulation barrier I R i

Magnetic Field - H

“onsemi
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Comparison of Isolation Techniques

Attribute

Isolation Materials

Signal Coupling

Performance Across Temp & Time
Life Expectancy

Speed

Distance Through Insulation (DTI)
Meets EN60950 >0.4mm DTI

Common Mode Transient Immunity

(CMTI)
EMI Susceptibility
EMC Radiation

Junction Temperature
Standards

Modulation Method for Internal
Signal Xfer

AEC Qualified Portfolio

88

Opto-Coupler
Epoxy/Silicone gel
Optical (LED +diode)
Varies
~10 Yrs
Slow
> 400 um

Yes
~25 kV/us

Non-issue — too slow
Non-issue (light transmission)
Up to 125°C

UL1577
IEC60747-5-5

No modulation required

Limited

Digi-Max™
Off-chip Capacitive
Ceramic Substrate/ Epoxy

Electric field
Consistent
~20 Years
Fast
> 500 pm

Yes
> 100 kV/us

Signal level dependent
Design techniques
Wide range (150 °C)

UL1577
VDEO0O884-11

On-Off Keying

Yes

Public Information © onsemi 2022

On-chip Magnetic
Polyimide
Magnetic field
Consistent
~20Yrs
Fast
~20 pm

No
> 100 kV/us

Design techniques
Design techniques
Wide range (150 °C)

UL1577
VDEO0884-11

On-Off Keying

Yes

On-chip Capacitive
SiO, or equivalent
Electric field
Consistent
~ 20 Years
Fast
~20 pm

No
> 100 kV/ps

Signal level dependent
Design techniques
Wide range (150 °C)

UL1577
VDEO0O884-11

On-Off Keying

Yes

onsemi



NCID(V)9xxx

@

@
@
@

Description:

Full Duplex Communications
Low Power Consumption
150 KV/us Minimum Common Mode Rejections
High Speed:
- 75 Mbit/s Data Rate (NRZ)
- 18 ns Maximum Propagation Delay

- 10 ns Maximum Pulse Width Distortion
- 4 ns Maximum Propagation Delay Skew

2.5V to 5V Level Translation
Extended Industrial Temperature Range: -40°C to 125°C

Safety and Regulatory Approvals
- UL1577 (5,000K VRM for 1 Minute)
- DIN 0884-11 (pending)

Benefits:
@ Off-Chip Capacitive Isolation vs. On-Chip Capacitive or Electro-Magnetic Isolation
- Distance Through Insulation (DTI): 500um (Off-Chip) vs. 20um (On Chip / Magnetic)
- Meets EN60950 >0.4mm DTI requirement
- Double Protection Status for UL1577 Approvals (vs. Basic Protection for On-Chip & Magnetic)
- Better Long Term Reliability (500 hrs+ on sustained 5.5kVACrms)
@ Off-Chip Capacitive Digital Isolation vs. Opto Couplers
- Higher Data Rates: Up to 100 Mbps vs. 25 Mbps
- CMTI (Common Mode Transient Immunity): 150 kV/us Minimum vs. 25 kV/us

- Higher Max Channel Count: Up to 6-Channels per device vs. 1 or 2

Example Application:
P PP DC-AC Inverter

e © © © ¢ ¢ ¢©

Applications:

Isolated PWM Control

Industrial Field-bus Communications
Microprocessor System Interface

SPI

Programmable Logic Control
Isolated Data Acquisition System

Voltage Level Translator

] ]
] )
] ]
! ! NCID9xxx
] ]
1 ] Gate J OJ
: : Driver
] ]

3-Phase . —
i |Rectifier| 1 —T

Power | 1 i
—=— —:— NCID9xxx
: : w e OJ OJ
] ] i
H H Driver
[} [}
[} [}

Controller
—
Isolated

Current &
Voltage Sense

89
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Digi-Max™ Family of Hi-Speed Digital Logic-to-Logic Isolators

90

NCIx9401

vDD1[]
GND1[]
INA[]
INB[]
INC [
IND []

NC [

GND1[]

] vDD2
1GND2
JouTtA
JouTB
Joutc
loutD

INC

1 GND2

NCIx9411

vDD1 [

GND 1 []

IN1 (] >

N2 []

IN3 [] P

ouT4 []

EN1 [

GND1 [

] vDD2
JGND 2
JouT1
JouTt2
Jout3

]IN4

" JEN2

] GND2

NCIx9211

vDD1 []
GND1 []
NC [
EN1[]
ouT1 [
IN2 [}
NC [

GND1 []

] vDD2
] GND2
[INC
[TEN2
INL
ouT2
INC
1 GND2

NCIx9210

GND1[] '] GND2
NC [ INC
vbD1[] [1vobD1

OUTL[] (1IN
N2 [] [1out2
NC [ [1NC

GND1[] [INC
Ne [0 [1GND2

NCIx9200

GND1[] 1 GND2
NC [] INC
vDD1[] ] vbD2

IN1[] Jout1
IN2[] Jour2
NC [ INC
GND1[] [Ine
NC [ 1 GND2

NCIx9311

Voo [ 1 Vooa
GND1[] 1 GND2
IN1 [ [1ouT1
IN2 [ [1ouT2
ouT3[] T1IN3
NC [ INC
EN1 [ T1EN2
GND1[] 1 GND2

NCIx9420

vDD1 [ ] vbD2
NC [ "INC
N1 [} TouTt1
IN2 [] 1out2
out3 [ 11N3
ouT4 [] 7 ]1N4
Ne [ [INC
GND1 [ 1 GND2

NCIx9510

I

voD1 []
INA[]
iNBL]
INc [
IND [
NC []

] vDD2
' JOUTA
louts
loutc
louTD
[INC

outE [ (1InE

GND1 [ 1 GND2

NCIx9600

voD1 [
IN1 ]
IN2 []
N3 [
INa []
IN5 ]
IN6 []
GND1 []

] vDD2
JouT1
JouT2
JouT3
] ouTa
JouTs

] ouTs

] GND2

NCIx9630

vDD1 []
IN1 []
N2 [
N3 [}
outa [}
ouTs [
oute [
GND1[]

] vDD2
Jout1
Jout2
[JouTs
(] INg
] INS
] IN6

] GND2

2021

2021 - 2022

2022

Other Configurations Available

Public Information
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2023

x = D for Industrial
x =V for Automotive

L

SO-16 WB
Package

onsemi
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EEPROMSs
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High Performance EEPROM Overview

Densities

2 Kb
4 Kb
8 Kb
16 Kb
32 Kb
64 Kb

128 Kb
256 Kb
512 Kb
1 Mb
2 Mb

92

.

4 )
Endurance and Retention
* 4 million Write Cycles Endurance @
L « Upto 200 Years of Data Retention )
( ) )
Operating Temperature
« True Automotive Grade 0 to 150 °C
L « Extended Industrial range from -40 °C to 125 °C )
4 A
Supply Voltage
1.2 Vto 5.5V Consumer
L * 1.7 Vto 5.5V Industrial & Automotive )
4 A
Interface SP .
« 2-wire interface saves space on your board .\Sl B W ‘))
L  4-wire interfaces provides speeds up to 20 MHz sus HWire sl )
(P K )
ety e ® @
SoIC 8 TSSOP 8 us; TSOT23 UDFN 8 (WF) WLCSP 8 WLCSP 6 WLCSP 4/5 Wafer

Public Information © onsemi 2022
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Small — Size Package Advantages

Small Size | AOI Support | AEC Q100 | Wettable Flank | Footprint Compatibility

V (2.0x2.3mm) \ (UDFN 8, SOIC 8)
TSOP 5 v v (1.5 x 3.0mm) \ \ V (SOT 23)
UDFN8 WF v (2.0x3.0mm) \ \ \ \ (US 8, SOIC 8)
3o o NN :L—:' — __ Wettable Flank
AOIIO1 mm RV £ | — T Ao 31 ———4 T Vee
A o :nwp» i = I s ;‘m S o]
o T sol o T RE L v' 100% Sn Plated Leads
Ves OO T SDA —[— %= SS b= —
US8 j 5"3 ‘ UDFN8 v’ Better Soldering & Connection
v Stronger Mold Lock for U-Shape Leads
LT ROgio Q@Qﬂ
1.52—- ]— 7.00 1 —
03030—-“3 I“_050340 6190540_—.4._._ 350
g o
1'37J_._._‘ _.-‘ ‘ nean _[]][P L*DBD g%nﬁ] |
SOIC 8 UDFN 8 Inner Layout Double Layout Copper Sidewall Wettable Flank

onsemi
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High Performance Industrial Standard EEPROM Device List

94

Density
2kb
3kb
4kb
8kb
16kb
32kb
64kb
128Kkb
256kb
512kb
1Mb
1kb
2kb
4kb
8kb
16kb
32kb
64kb
128kb
256kb
512kb
1Mb
1kb
2kb
4kb
8kb

16kb

Interface

I’c

I’c
I’c
e
e
I’c
’c
I’c
e
e
I’c
SPI
SPI
SPI
SPI
SPI
SPI
SPI
SPI
SPI
SPI
SPI
UWire
pWire
uWire
UWire

UWire

SOIC 8

CAT24C03WI-GT3
CAT24C04WI-GT3
CAT24C08WI-GT3
CAT24C16WI-GT3
CAT24C32WI-GT3
CAT24C64WI(XE)}-GT3
CAT24C128WI-GT3
CAT24C256WI-GT3
CAT24C512WI-GT3
CAT24MO1WI(XI)-GT3
CAT25010VI-GT3
CAT25020VI-GT3
CAT25040VI-GT3
CAT25080VI(E)-GT3
CAT25160VI(E)-GT3
CAT25320VI-GT3
CAT25640VI-GT3
CAT25128VI(XE/I)-GT3
CAT25256VI(XE/I)-GT3
CAT25512VI(XE/I)-GT3
CAT25MOA1VI(XE/I)-GT3
CAT93C46(R)BVI(XE/I)-GT3
CAT93C66VI-GT3

CAT93C76BVI(E)}-GT3

CAT93C86BVI(E)-GT3

TSSOP 8

CAT24C04YI-GT3
CAT24CO8YI-GT3
CAT24C16YI-GT3
CAT24C32YI-GT3
CAT24C64YI-GT3
CAT24C128YI-GT3

CAT24C256YI-GT3

CAT24C512YI(E)-GT3

CAT24MO1YI-GT3
CAT25010YI-GT3
CAT25020YI-GT3
CAT25040YI-GT3

CAT25080YI(E)-GT3

CAT25160YI-GT3
CAT25320YI-GT3
CAT25640YI-GT3
CAT25128YI-GT3
CAT25256YI-GT3

CAT25512YI(E)-GT3

CAT25MO1YI-GT3

CAT93C46(R)BYI(XE/I)-GT3

CAT93C76BYI(E)-GT3

CAT93C86BYI(E)-GT3

uDFN 8

CAT24C04HU4I-GT3
CAT24CO8HU4I-GT3
CAT24C16HU4I-GT3
CAT24C32HU4I-GT3
CAT24C64HU4I-GT3
CAT24C128HU4IGT3
CAT24C256HU4IGT3
CAT24C512HU4I(E)GT3
CAT24MO1HUSI-GT3
CAT25010HU4I-GT3
CAT25020HU4I-GT3
CAT25040HU4I-GT3
CAT25080HU4I-GT3
CAT25160HU4I-GT3
CAT25320HU4I-GT3
CAT25640HU4I-GT3
CAT25128HU4I-GT3
CAT25256HU4I-GT3

CAT25512HUSI(E)-GT3

CAT93C46(R)BHU4I(E-)GT3

CAT93C76BHU4I-GT3

CAT93C86BHU4I(E)-GT3

TSOT 23

CAT24CO02TDI-GT3A

CAT24C04TDI-GT3
CAT24CO8TDI-GT3
CAT24C16TDI-GT3

usS8

N24C02UDTG

N24C04UDTG
N24CO8UDTG
N24C16UDTG
N24C32UDTG

N24C64UDTG

Wafer

CAT24CO04DWFA
CAT24COSDWFA
CAT24C16DWFA
CAT24C32DWFA
CAT24C64DWFA
CAT24C128DWFA
CAT24C256DWFA

CAT24MO1DWFA

CAT25020DWFA

CAT25256DWFA/B/C

CAT25512DWFA

Public Information

© onsemi 2022

E = Enhanced to 125C Auto Grade 1
| = Industrial Standard
R = Internal Instruction Clock Counter

X = SOIC Wide Body (208 mils)
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Consumer / Industrial WLCSP EEPROM Device List

Density

Interface

4 kb
8 kb

16 kb

32 kb

64 kb

128 kb

256 kb

512 kb

12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
12C
|12C

Part Number Write Protect I2C Slave Address Package Backs;ide BaII_ . SRRt

Coating Composition Voltage
CAT24C04C4ATR No 4 Selectable 12C Address WLCSP-4 No SAC266 0.84 0.86 x 0.38 1.7Vto 5.5V
CAT24CO8C4ATR No 2 Selectable 12C Address WLCSP-4 No SAC266 0.84 0.86 x 0.38 1.7Vto 5.5V
CAT24C16C4ATR No 1-12C Address WLCSP-4 No SAC266 0.84 0.86 x 0.38 1.7Vto5.5V
CAT24C16C4UTR No 1-I12C Address WLCSP-4 Yes 0.84 0.86 x 0.30 1.7Vto 5.5V
CAT24C32BC4CTR No 1-12C Address WLCSP-4 Yes SnAg1.8 0.77 x0.77 x 0.35 1.7Vto5.5V
CAT24C32BACA4CTR No 1-12C Address WLCSP-4 Yes SnAg1.8 0.77 x 0.77 x 0.35 1.7Vto 5.5V
CAT24C32C4CTR No 1-12C Address WLCSP-4 Yes SnAg1.8 0.77 x0.77 x 0.35 1.7Vto5.5V
CAT24S32C4ATR Software 1-I12C Address WLCSP-4 No SAC266 0.84 x 0.84 x 0.35 1.7Vto5.5V
CAT24C64C4ACTR No 1-12C Address WLCSP-4 Yes SnAg1.8 0.77 x 0.77 x 0.35 1.7Vto 5.5V
CAT24C64C4UTR No 1 - 12C Address WLCSP-4 Yes SnAg1.8 0.77 x0.77 x 0.30 1.7Vto55V
CAT24C64BC4CTR No 1-12C Address WLCSP-4 Yes SnAg1.8 0.77 x0.77 x 0.35 1.7Vto5.5V
CAT24C64BACACTR No 1-12C Address WLCSP-4 Yes SnAg1.8 0.77 x 0.77 x 0.35 1.7Vto 5.5V
N24S64C4DYT3G Software 8 Selectable 12C Address WLCSP-4 Yes SAC305 0.77 x 0.77 x 0.30 1.7Vto5.5V
N24S64BC4DYT3G Software 8 Selectable 12C Address WLCSP-4 Yes SAC305 0.77 x0.77 x 0.30 1.7Vto5.5V
CAT24S64C4ATR Software 1-12C Address WLCSP-4 No SAC266 0.84 x 0.84 x 0.35 1.7Vto 5.5V
CAT24S128C4UTR Software 1-I12C Address WLCSP-4 Yes SnAg1.8 0.84 x 0.84 x 0.30 1.7Vto5.5V
CAT24S128C4ATR Software 1-12C Address WLCSP-4 No SAC266 0.84 x 0.84 x 0.35 1.7Vto5.5V
N24S128C4DYT3G Software 8 Selectable 12C Address WLCSP-4 Yes SAC305 0.84 x 0.84 x 0.30 1.7Vto5.5V
N24C256C6DYT3G Hardware 2 Selectable 12C Address WLCSP-6 Yes SAC305 1.09 x 0.96 x 0.30 1.7Vto5.5V
NS24LS256C4JYTRG Software 1-12C Address WLCSP-4 Yes SAC305 1.00 x 1.00 x 0.30 1.6Vto5.5V
CAT24C512C8UTR Hardware 8 Selectable 12C Address WLCSP-8 Yes SnAg1.8 1.39 x 1.65 x 0.40 1.8Vto5.5V
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Serial EEPROM Roadmap

96

Low VCC, 1Mb EE

2 M Cycles, Industrial, WLCSP4

WL-CSP
Low VCC, 256kb EE Low VCC, 512kb EE
2 M Cycles, Industrial, WLCSP4 2 M Cycles, Industrial, WLCSP6
4Mb, 4 M Cycles,
2Mb 4 M Cycles, Industrial Industrial/AECQ
256Kb, 4 M Cycles,
Industrial (-40C - +125C) 256Kb,4 M Cycles, AECQ
N24MO1
1Mb 4 M Cycles,
Industrial (-40C - +125C) WSS TS =N 4 M Cycles,
Industrial/AECQ
(
N24512 Leaded
1Mb 4 M Cycles _Samples
) {___Development |
Industrial (-40C - +125C) Sl Package S
2022 2023 2024

Public Information © onsemi 2022
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Digital Temperature Sensor
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N34TS108 — Low Voltage Digital Temperature Sensor

Description:

The N34TS108 is a digital-output temperature sensor with a dynamically-
programmable limit window, and under- and over temperature alert
functions. These features provide optimized temperature control without the
need for frequent readings by the controller.

The N34TS108 features SMBus™ and two-wire interface compatibility
and allows up to four devices on one bus with the SMBus™ alert function.

Block Diagram & Application:

Features:
* Dynamically-Programmable Limit Window, and Under- and Over Temp.
Alert

* Accuracy:
« x0.75°C (Max) from -20°C to +85°C
+ %1.00°C (Max) from -40°C to +125°C
* Low Quiescent Current: 6pA Active from -40°C to +125°C
 Supply Range: 1.4V to 3.6V
« Resolution: 12 Bits (0.0625°C)
«  Supports up to 3.4 MHz I2C Frequency

Applications:

* Smartphone and Tablet Thermal Management
+ Battery Management

*  Thermal Control

* Under- and Over Temperature Protection

*  Environmental Monitoring and HVAC

Vee |1DA1)

Diode
A1 A2
o Tﬁmp Cl:ntml | Memary |-
Wy Sensor ge GND | Iﬁ*
| I SCL = 11 )
Core
B1 A‘%E':C o I S’BI;I&] Bz Neareioat Timers [+
Auo_ nterface soL 1
I | 0SC &
GPIO |+~ Clocks
c Config cz2 NBATS108-2
O— Qsc and Temp (—o
ALERAT Ragister SDA .
IPackaging Info:
WLCSPS
Fin 1 e -- i T .
©Az)| GND AR i a

SCL i it 4 | sDa

.....

[} I
s - T
Jaac | oscL GMD 2 ;:Thermalll 5 | vcC
e TTTTY Pad !

(Competitor P/Ns: TMP108/116)

aERT [Tcrt cot| soa ALERT ENE N B
WLCSP6 UDFN 6 flopview)
1.2x0.8 mm 2.0x2.0 mm Pinout
Orderable Part Number Samples: Production:
N34TS108C6ECT5G (WLCSP6) Now!! Now!!
N34TS108MUET3G (UDFN®6) Now!! Now!!

98 Public Information © onsemi 2022
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N34TS04 — Digital Temperature Sensor with SPD EEPROM

Description: Application:
The N34TS04 is a combination Temperature Sensor (TS) and 42-Kb of

Serial Presence Detect (SPD) EEPROM, which implements the JEDEC o " TempSensor 23 « A
TSE2004av DDR4 specification and supports Standard (100 kHz), Fast (400 ] 22 |le—
kHz) and Fast Plus (1 MHz) I2C protocols.

The TS measures temperature at least 10 times every second. Temperature 12-bit ADC
readings can be retrieved by the host via the serial interface and are
compared to high, low and critical trigger limits stored into internal registers. [ Memoyiock |

Each of the four 1-Kb SPD EEPROM blocks can be Write Protected by ‘ -
software command. E;rge,ilt];r's

A A

v

Features:
« JEDEC TSE2004av Compliant Temperature Sensor
* Accuracy: Packaging Info:

« +1.0°C (typ.) from +75°C to +95°C

« +3.0°C (typ.) from -20°C to +125°C pofit —ooon o] vee
+ Temperature Sampling Rate: 100 ms max @ @ Al T ' 7] EVENT
« DDR4 DIMM Compliant SPD EEPROM 1 Ag 1] [“’"“““’: 7] scL
«  Supply Range: 1.7 V to 5.5 V (SPD EEPROM) and 2.2 V to 5.5V (TS) Vss |2 S ? £fsoa
« Resolution: 12 Bits (0.0625°C) TOFN (vVP2)
« 12C / SMBus Interface: 100 kHz, 400 kHz and | MHz UDFN 8 TDEN 8 _
«  Pb-Free and RoHS Compliant TDFN 8 2x3x0.75mm UDFN packages 2.0x3.0x 0.5 mm 2.0x3.0x 075 mm Pinout
Applications: ~Orderable Part Number Samples:  Production:
*  Solid State Drives N34TS04MU3ETG Now!! Now!!
*  Graphic Cards N34TSO4AMT3ETG Now!! Now!!

* High Speed PCs, Laptops, DDR4
«  Environmental Control Systems
+  Process Control Equipment

m!
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Temperature Sensor Device List

Device OPN Accuracy Fclk (kHZz) Supply Range Package (mm) Temp. Range SPD EEPROM

CAT34TSOOVP2GT4A +0.5°C 100 - 400 1.7Vto1.9V TDFN 8 (2x3x0.75) —20°C to +125°C N/A
CAT34TS02VP2GT4C +1°C 100 -400 3.0Vto3.6V TDFN 8 (2x3x0.75) —20°C to +125°C 2 Kb
N34TSO4MT3ETG +1°C 100 - 1,000 1.7V-55YV TDFN 8 (2x3x0.75) —20°C to +125°C 4 Kb
N34TS04MU3ETG +1°C 100 - 1,000 1.7V-55V UDFN 8 (2x3x0.5) —20°C to +125°C 4 Kb
N34TS108CGECT5G +0.75°C 100 - 3,400 1.4Vto 3.6V WLCSP 6 (1.18x0.78x0.625) —40°C to +125°C N/A
N34TS108MUET3G +0.75°C 100 - 3,400 1.4Vto3.6V UDFN 6 (2x2x0.55) —40°C to +125°C N/A

mr
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Tem

perature Sensor Roadmap

Accuracy (°C)
A
F0.L oo SOT563, EE+, +0.2°C EE+, £.0.1°C
12C/SMB, -40 to +125°C I2C, -55 to +150°C
DDRS5,EE+, £0.25°C, I3C, .
1.8V / 1.0V SOT563, +£0.3°C
+0.5 -- SPI, -55 to +175°C Dual Remote, +0.5°C --
12C/SMB, -55 to +175°C
CSP-6, UDFN6, +0.75°C CSP-6, +0.75°C
I2C, -40 to +125°C I2C, -40 to +125°C, AEC Q100
iio | ~  N34TS5118 )}
- DDR4, EE+, £1.0°C
SMB, -20 to +125°C
2021 or before 2022 2023 2024
* AEC Q per customer request for all products
mr
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Standard Logic and MiniGates™
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Standard Logic Families (214 Pins, 2 4 Gates)

Series Operating Voltage Propagation Delay Output Drive, lgyr (MA) Input Logic Input Output
Ve (V) tep (NS) Level Voltage Voltage
Range (V) Range (V)

VCX MC74VCX / 74VCX 1.65 3.6 3.5@V, =3V +24@V,=3.0V LVTTL 0to V¢ 0to Ve
LVX MC74LVX / 74LVX 2 3.6 6.6@V, =3V +4@V,=3.0V LVTTL 0to5.5 0 to Vg
VHC MC74VHC / 74VHC 2 5.5 52@V, =45V +8@V, =45V CMOS 0to 5.5 0 to Vg
AC MC74AC / T4AC 2 6 6@V, =5V +24@Vy, =45V CMOS 0 to Vg, 0to Vg,
HC MC74HC / 74HC 2 6 13@V, =6V +52@V,, =6V (Std.), + 7.8 @V, = 6 V (Bus) CMOS 0 to Vg, 0to Vg,
LCX MC74LCX / 74LCX 2.3 3.6 55@V, =3V +24@V, =30V LVTTL 0to5.5 O0to 5.5
LvVT 74LVT 2.7 3.6 3.6@V, =3V -32/64 @V, =3.0V TTL 0to 5.5 0to 5.5
Metal Gate MC14xxx 3 18 50@V,, =15V +42@V, =15V CMOS 0 to Ve 0 to V¢
ACT MC74ACT / 7T4ACT 4.5 5.5 13@V, =5V +24@V, =45V TTL 0to V¢ 0 to Ve
HCT MC74HCT / 74HCT 4.5 5.5 15@ V=5V +4.0@Vy = 4.5V (Std.), £ 6.0 @V, = 4.5V (Bus) TTL 0to V¢ 0 to Ve
VHCT MC74VHCT / 74VHCT 4.5 5.5 3.6@V, =45V +8@V, =45V TTL 0to 5.5 0to 5.5

Package Offerings: SOIC, TSSOP, QFN

mr
103 Public Information © onsemi 2022 Onse ‘w



MiniGates™ Logic Families (<8 Pins, < 3 Gates)

SEES

sV
wv
SG
SP
WP
NP
sz
wz
WZ/NZ
VHC
VHCT
VHC
VHC
HC
HCT

Gate #

1-Gate
2-Gate
1-Gate
1-Gate
2-Gate
3-Gate
1-Gate
2-Gate
3-Gate
1-Gate
1-Gate
2-Gate
3-Gate
1-Gate
1-Gate

NL17SV/NC7SV
NC7WV
NL17SG/7SG
NC7SP

NC7WP

NC7NP
NL17SZ/7SZ/NC7SZ
NL27WZ/NC7WZ
NL37WZ/NC7NZ
MC74VHC1G
MC74VHC1GT
MC74VHC2G*
MC74VHC3G*
MC74HC1G/NC7S
NC7ST

0.9
0.9
0.9
0.9
0.9
0.9
1.65
1.65
1.65
2.0
2.0
2.0
2.0
2.0
4.5

Operating Voltage
VCC (V)

3.6
3.6
3.6
3.6
3.6
3.6
5.5
5.5
5.5
5.5
5.5
5.5
5.5
6.0
6.0

Propagation Delay

tpp (NS)

15@V, =33V
1.6@V, =33V
25@V, =3V
29@V, =3V
3.0@V, =3V
3.0@V, =3V
27@Vy, =5V
23@V, =5V
21@V, =5V
35@V, =5V
35@V, =5V
35@V, =5V
35@V, =5V
7.0@V, =5V
7.0@V, =5V

Output Drive, lgyr (MA)

+24@V =33V
+24 @V, =33V
+8@V,=3.0V
+26@Vy,=3.0V
+2.6@V,=3.0V
+26@V,=3.0V
+32@V, =45V
+32@V, =45V
+32@V,, =45V
+8@V, =45V
+8@V, =45V
+8@V, =45V
+8@V, =45V
+26@Vy,=6.0V
+2.0@V, =45V

Input
Logic
Level

CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMO0S
CMOS
TTL
CMOS
CMOS
CMOS
TTL

Input
Voltage
Range

(V)
0t03.6

0to 3.6
0to 3.6
0to 3.6
0to 3.6
0to 3.6
O0to5.5
O0to 5.5
0to5.5
O0to5.5
0to5.5
0to5.5
Oto5.5
0 to Vg
0to Vg

Output
Voltage
Range
V)
0to Vg
0 to Ve
0to Vg
0 to Ve
0to Vg
0 to Ve
0to Vg
0 to Vge
0 to V¢
0 to V¢
0 to V¢
0 to V¢
0 to Vg
0 to V¢
0 to V¢

104

Package Offerings: SOT9x3, SOT5x3, SC88(A), SC74(A), US8, xDFN, uDFN, uQFN

4.' 4"':!!'F g!!' 4 " “;y 5:“
*In Development e 73 . % “
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MiniGates ™ Logic Function Tables

132

135

332

386

00

o1

02

03

08

09

10

11

27

32

38

86

87

Gates
NAND (2-Input)
NAND (2-Input, Open Drain)
NOR (2-Input)
NOR (2-Input, Open Drain)
AND (2-Input)
AND (2-Input, Open Drain)
NAND (3-Input)
AND (3-Input)
NOR (3-Input)
OR (2-Input)
NAND (2-Input, Open Drain)
XOR (2-Input)
XNOR Gate (2-Input)
NAND (Schmitt Trigger)

NAND (Schmitt /Open
Drain)

OR (3-Input)

XOR (3-Input)

1-Gate 2-Gate 3-Gate

Buffers / Inverters

1-Gate 2-Gate 3-Gate

04 Inverter . . .
05/06 Inverter (Open Drain) J o .
o7 Buffer (Open Drain) . 0 .
14 Inverter (Schmitt Trigger) J . o
16/34/50 Buffer . . .
17 Buffer (Schmitt Trigger) J . o
125 3-State Buffer . U
126 3-State Buffer . .
uo4 Un-buffered Inverter . U .
# Dual Function 1-Gate 2-Gate 3-Gate
0604 Dual Inverter (Open-Drain, U
Standard)
3404 Inverter / Buffer o J
3407 Dual Buffer (Standard, Open- J
Drain)
0832 3-input AND-OR gate o
3208 3-Input OR-AND Gate U

Package Offerings: ’ ’ Q Q . Q # % “
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X04
18
19
29

56/59

57/58
74
79
80

95/96

97/98
99

157
158
175

240

241

373

374

Other Functions

X-tal Driver

1-of-2 Decoder (3-State)

1-of-2 Decoder

2-0f-3 Decoder/Demultiplexer
Configurable Logic (Open Drain)
Configurable Logic

Single D Flip-Flop
Edge-Triggered D-Type Flip-Flop
Edge-Triggered D-Type Flip-Flop
Configurable Logic (Open Drain)
Configurable Logic
Configurable Logic

2-Input Multiplexer

2-Input Multiplexer; Inverting
D-Type Flip-Flop with Reset

Dual Inverter/Line Driver (3-
State)

Dual Buffer/Line Driver (3-
State)

D-Type Latch (3-State)

D-Type Flip-Flop (3-State)

1-Gate 2-Gate 3-Gate



Protection & Small Signal
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Protection and Signal Product Portfolio

Zener Diodes JFETs
« 1.8Vto200V
« 0.2Wto5W
* Large Variety of Packages —>-
« Devices as small as 0.62 x 0.32 mm?

ESD & Surge * Highest Power Density in the Industry CCRS

. * Low Clamping Voltage
Protection .« 1VtoT0V |

+ Singles, Duals and Arrays

+ Optimized response for each interface: High Speed, @
Power Line, GPIO, Battery Line

» Guaranteed Max Insertion Loss on selected devices

10Vtod0V

Packages as small as 1.0 x 0.6 mm?

Low Miller Capacitance

Selected devices optimized for usage on RF Amplifiers
More than 50 devices to choose from

Drivers that provide fixed current to LEDs

Very cost efficient when compared to Switching Regulators
No EMI Generation

45 to 120 V Operation

2 Terminal Fixed Output, 3 Terminal Config Output

Schottky & SS Diodes Darlington Transistors

+ Optimized Vi & I specs > Increase Power Efficiency,

Reduce Footprint
§ * Low Recovery Times
« Singles, Duals and Bridge configurations available

» Wide selection of packages
First 500 mA, 30 V Schottky in 01005 in the Industry

« 10Vto800V ;
BJTs  Packages as small as 1.0 x 0.6 mm? RF Discretes
* Audio and Power devices handle > 10 A
» Low V. Sat devices available ((i))
+ Cost effective alternative to MOSFETS
* Rpson Eq of 30 mQ
* High ESD Tolerance
BRTs « BJT with Integrated Biasing Resistors EMI Filters

» Save cost and board space

mm
17 different resistor combinations _|_ _|_
Singles & Duals T T
I

Over 350 options available!

107 Public Information © onsemi 2022

30Vto400V

lcof 0.3Ato 50 A

Current Gains up to 30,000

NPN & PNP Configurations available
More than 80 devices to choose from

Specialized:

RF BJTs and JFETs for Amplifier Circuits
PIN diodes for Attenuators

Schottky diodes for Envelope Detectors
8.5 GHz SPDT Switches

ESD Protection for Antennas

Filters with Integrated ESD & Surge Protection
Common Mode & Single Ended LC, RC

High Attenuation on bands of interest
Excellent Clamping Voltage

Singles & Arrays, > 50 devices available Onsem ‘




Continued Investment in Small Signal

Package Migration

Leading Discrete Portfolios

Utilizing >80% smaller, more efficient packages

s

* #1 Market Share
* Low Vce(sat) BJT, SBD, SWD, Dig. Trx

* Full package migration options
* Constant Current Regulators (CCR)

* Small package linear regulators
* Applications

O ¢

______________________________________

. #2 Market Share i
e Uni/bi-directional, 1-4x channel ESD E

* <1pF, 5 - 27V, 30kV capability
* Applications i

-

* USB2.0, USB3.x, USB4.0
* 10/100/1G/10G Ethernet
e HDMI, Thunderbolt, DisplayPort

Standard BJT
& Dual Diodes

SOT-23
T W 7.0mm?2

24 ° “direey

Small Signal Diodes

* Lighting
S *_Signalprotection __________. A N_.____MicroSD, eSATA PCle . :
@ , DPAK @ LFPAKS6
' @ 65mm? >) Q 30mm2
Y S0T-223 Q& LFPAK33
Lo JFET RF BJT, SBD, PIN D i 45.5mm?2 9mm?2
: « 2-50V,0-150mA :
E - Low capacitance, high gain
i » Applications |
! « WiFi, Zigbee, ZWave, BT, GPS  s0T23
i * Radios i Q 7.0mm? )) @ X2DFN2
! * High frequency applications ! N SOD-323 0.6mm?2
I‘ ; . 3.0mm?2

Public Information
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BJTs

Bipolar Junction Transistors

onsemi
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BJTs in Industrial Applications

Gate Drivers Vioad %
N-channel
cha ewn S Fan/ UPS Solar £V Charging
3 Motor/ Inverters arg
Relay Stations
PWM/Driver o) Nchannel Turn-off speed enhancement
= MOSFET .

Vload
Vin |
L
>
L

Driver

NXHO010P120MN
SiC Dual MOSFET Module
(Half Bridge)

|+

NCD57000
IGBT Gate Driver

110 Public Information

© onsemi 2022

Implemented using a PNP (and a Schottky Diode)
« Higher current turn-off circuit

Discharge Cin faster
Shorter switching times - Lower switching losses
Peak discharge current does not reach driver

* Power dissipation of driver is reduced

* Turn-off Current confined in small loop close to MOSFET
NXHO010P120MN Cin ~5,000 pF

For Drivers handling High and Low cycles on the same I/O

Schottky Diode Selection
« High enough current
« Thermals/power dissipation
« Low trr (to avoid increasing turn-on time)

Any application that incorporate Gate Drivers and/or

Power MOSFETs/Modules/IGBTs has potential for
needing BJTs!

onsemi



BJTs in Industrial Applications

Gate Drivers

N-channel
Vin

PWM/Driver

Vin

Rb

PWM/Driver

111

Rb

Vload I
Q Fan/
L

2 Motor/
Relay

N-channel

MOSFET

1
o
—
=]

=
[gﬁgﬁn] 1 B8 — ey [EL

Power Tools

Power Supplies

Push-Pull Output Configuration (Totem Pole)

AAA

g

rq JN-channel =
B MOSFET

/1

~

Public Information

Provides high output current and low Zout

|deal for driving high capacitive loads
« Power MOSFETs/IGBTs!

Use when the driver IC or MCU can’t source enough current
Used also in Switching Converters

LOAD

Any application that incorporate Gate Drivers and/or

Power MOSFETs/Modules/IGBTs has potential for

\ Boost Converter J needing BJTS!

© onsemi 2022 onseml



BJTs in Industrial Applications

Vhigh

Level Shifters

MCU, FPGA, CPLD...

A4,
Rb §Rc
%e

@
Vin

Cost Effective Voltage Regulators
(Voltage Follower)

Vout

N1
il |

112

Vivin_meu_asic_fpga)

0.0ms 08ms 1.6ms 24ms 32ms 40ms 4.8ms

l{Rload)

Load Change 10x — 50 mA to 500 mA

Vivout)

Vout Delta - Only 0.08 V (1.5%) I

0.0ms 0.1ms 0.2ms 03ms O04dms 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms

Power Tools

Battery Chargers

EV Charging

Stations

Power Garage

Tools Door
Openers

Rz

2k

Zener

NZ8F5VGMXQW

5 .step param LOAD 10 110 50



BJTs in Industrial Applications

Load Switch Poyrer
Rb
M g P -
=N
'Vin AAA lT—Vout Appliances Gg(r)i%e
Rb

Low Voltage 2 Openers
Control Signal (@)
(MCU, Logic Gate, etc) Re -

-

Voltage Monitors

Vin Ggrage
+ oor :
<_> EV Charging
Openers Stations

Switch

mr
113 Public Information © onsemi 2022 Onse ‘w



BJTs in Cloud Computing / Telecomm

— ))) D
Gate Drivers — (1;"\‘;1‘;'“). = = )
P-channel T H = R
Fan Control = = = CH—
Rg ;>P—channel Servers Telecom Eq
IRQ = MOSFET Push-Pull Output Configuration (Totem Pole) — P-channel
J_L ' S Fan/ « Provides high output current and low Zout
A Qinv 3 Motor/ « Ideal for driving high capacitive loads
Relay « Power MOSFETs!

=+ L  The MP/MCU will not provide enough current

LED Driver
+ Inverter 18V 33V

LI

LOW = LED ON .

Any application that incorporate Power MOSFETs

has potential for needing BJTs!

© onsemi 2022 onseml
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Current Mirror Example (Sinking) — Changing Loads

Rload_1
Rbias Rload 1k
Y1 k 1k
1 V2

GE) (;-E‘\II hase 03

Q2 Q1 =  2N3904
2N3904 2N3904
. The load resistor is the only
~ component that changes its <
[ ] value between simulations [ ]

I{Rload_1) I{Rload_1)

B0mA

40mA

OmA

0.4ms 0.6ms

115

0.0ms 0.2ms 0.4ms 0.6ms 0.8ms

1000 Q
100 Q
10 Q

H0mA

OmA

0.0ms

19.2 19.9
22.2 198.2
22.5 256.6

I{Rload_1)

0.4ms 0.6ms 0.8ms

onsemi
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Current Mirror Example (Sinking) — Changing Input Voltage

Input Voltage changes 6
V, from 17 V to 23 V.
Current on load remains
steady within 0.1mA

V(n001)

Input voltage:change =6V

Change inload.current.almast.imperceptible onia 10.mA scale

Change in:load current with_ amplified scale. Aiload = 0.08 mA

Public Information

onsemi
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BJT as a Temperature Sensor

Temp =0°C, Vbe=0.781V

\| Temp = 20°C, Vbe = 0.751 V
Remote_0Q3
Rbias AN3904 Temp =40°C, Vbe = 0.721V
11 1k Vhe
@—0) Temp =60°C, Vbe=0.690V
Q@ Q1

N3904 TEMP 27 N304 TEMP 27 Temp ='80°C. Vbe = 0.659 V

i Temp =100°C; Vbe =0.628 V
~

[ ] [ ] mmy]TEMP = 120°C, Vhe = 0.597 V
Constant Temperature on Temp = 140°C, Vbe = 0.565 V

Q1 and Q2, as they are far
from the Temp Source

0.2ms 0.3ms 0.5ms

= _ Ca— " |
= c— = g 055
>

= B
C— ) 0.60
Servers Telecom Eq 050 | :
0.50 r

0 20 40 60 80 100 120

TEMP (°C)

117 Public Information © onsemi 2022
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BJTs for Temp Sensing Applications — Advantages over Thermistors

« One of the commonly overlooked BJT applications is temperature sensing.
« On a BJT, the Base-Emitter junction produces a voltage that is linearly proportional to the temperature when a
current is applied, thus becoming a very precise temperature sensor.
« When compared to a traditional thermistor, a BJT temperature sensing implementation provides the following

advantages:

Lower power consumption
Significantly lower part-to-part variability

RN NIN

o+
Vthermistor

. _
VBE

VS

118

Linear voltage drop over temperature = accurate measurements
No look-up table required for voltage to temperature conversion

- ‘—\f—_—1 — m—— e R e & e ————
RIGOL RUN H s00s sm %-RAAMAM/\AMNW D 25.0000000 s T £@ 758mv

IO Setting

v

Sound
P

z
£

BJT’s Base-Emitter Voltage

| Linear response
————

Freq l\ T,
: : Language
H o al Exponential & sudden response™_
ol e || - No fi i veld Fnﬂhsh
- No time to take corrective or preventive idction -

Rise Time

- Lower accuracy
Pass/Fail
v
Record

Thermistor’s Voltage v
System

A

©
Px

onsemi

= 100mv
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BJTs as Amplifiers — Configurations

éﬂ_ﬂi?z
50k 120 12
Collector 3
R3 cz Zﬂlll_: =4
AC_IN Il o1 C)
11 — B3 2
100 100n . 2N3904 20 LA A —
RZ 100 1000
§R_div1 20k
500k
AC_IN AC_IN
SINE(D 0.5 10k 0 D 0) SINE(D 0.5 10k 00 D)

Characteristic Common Emitter Common Collector

Voltage Gain Medium Low (A, ~1) High
Power Gain High Medium Low (A, ~1)
Phase Shift 180° 0° 0°

Zy Medium High Low
Zout Low Low High

Nnsemli
119 Public Information © onsemi 2022 O ‘"



Comprehensive BJT Portfolio (newn ) ([ Exploring )
:u_ . _(\*‘_ . 0.6
Tﬁgggans _j;ﬂg - -

Note : All parts AEC-Q101 qualified

7.0 mm?2
240 mW*

4.4 mm?2
150 mW+*

2.6 mm?2 0.8 mm?2 0.6 mm?2
200 mW#* 300 mW+* 250 mW*

0.6 mm?2
250 mW*

0.26 mm2
175 mW+#*

570 XDFN3
0.06 160 NPN MMBT5551L MMBT5551M3
NPN BC848BL BC848BW NST848BF3
30 BC848CL BC848CW
PNP BC858AL BC858AW
BC858BL BC858BW
BC847AL BC847AW NST847AMX2 NST847AMX3
NPN BC847BL BC847BW BC847BT BC847BM3 NST847BF3 NST847BMX2 NST847BMX3
0.1 45 BC847CL BC847CW BC847CT
PNP BC857BL BC857BW BC857BT NST857BF3 NST857A/BMX2 NST857A/BMX3
BC857CL BC857CW
50 NPN 2SC4617 2SC5658M3 NST4617MX2 NST4617MX3
PNP 2SA1774 2SA2029M3
65 NPN BC846BL BC846BW BC846BM3 NST846BF3 NST846BMX2 NST846BMX3
PNP BC856BL BC856BW BC856BM3 NST856BF3
02 40 NPN MMBT3904L MMBT3904W MMBT3904T NST3904F3 NST3904MX2 NST3904MX3
PNP MMBT3906L MMBT3906W MMBT3906T NST3906F3 NST3906MX2 NST3906MX3
05 80 NPN MMBTAO6L MMBTA06W
PNP MMBTAS6L MMBTAS6W
NPN MMBT2222AL MMBT2222AW MMBT2222AT MMBT2222AM3
06 40 MMBT4401L MMBT4401W MMBT4401M3
PNP MMBT4403L MMBT4403W MMBT4403M3
60

*Copper traces of 25 mm?

PNP MMBT2907AL MMBT2907AW i MMBT2907AM3

© onsemi 2022
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Complementary BJTs - Level Shifters, Gate Drivers, Load Switches

Part No.

VCEO Min
(V)

Complementary BJT Portfolio
VCBO VBE(sat) PTM Max

VCE(sat) Max
(V)

IC Cont.
(A)

\)

(V)

Package

BC848CPD 30 0.6 0.1 30 0.7 0.38 SC-88-6 / SC-70-6
CPH5506 30 0.375 15 40 0.85 1.2 CPH-5 / SC-74A
CPH5541 30 0.19 0.7 40 0.9 0.6 CPH-5/ SC-74A
FMB2227A 30 1.4 0.5 60 1.3 0.7 TSOT-23-6
MCH6541 30 0.19 0.7 40 0.9 055 | SC-88FL / MCPH-6
FMB3946 40 0.25 0.2 40 0.9 0.7 TSOT-23-6
MBT3946DW1T1 40 0.3-NPN 0.4-PNP | 0.2 60 0.65 0.15 SC-88-6 / SC-70-6
MMPQ6700 40 0.25 0.2 40 0.9 1 SOIC-16
NSS40302PD 40 0.06 3 40 0.9 0.576 SoIC-8
NST3946DP6 40 0.3 (NPN) 0.4 (PNP) | 0.2 60 0.95 0.42 SOT-963
NST3946DXV6 40 |0.3(NPN) 0.4 (PNP)| 0.2 60 0.95 0.5 SOT-563
BC847BP 45 0.6 0.1 50 0.7 0.38 SC-88-6 / SC-70-6

BC847BPDXV6 45 0.25 0.1 50 0.7 0.5 SOT-563

NST847BPDP6T5G 45 0.6 (NPN) 0.7 (PNP)| 0.1 50 0.9 0.42 SOT-963
CPH5517 50 0.43 1 60 0.81 0.9 CPH-5 / SC-74A
CPH5520 50 0.33 2 80 0.9 1.2 CPH-5 / SC-74A
CPH5524 50 0.23 3 100 0.88 1.2 CPH-5 / SC-74A

HN1BO1FDW1 50 0.3 0.2 60 _ 0.38 SC-74
UMZ1N 50 0.25, 0.3 0.2 60 _ 0.25 SC-88-6 / SC-70-6
BC846BPDW1 65 0.6 0.1 80 0.7 0.38 SC-88-6 / SC-70-6

soic-8 SOT-563 SOT-963
B E E e € Y} o
) <& o vy "E o vy CF
— — —
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https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC848CPD
https://www.onsemi.com:8443/PowerSolutions/product.do?id=CPH5506
https://www.onsemi.com:8443/PowerSolutions/product.do?id=CPH5541
https://www.onsemi.com:8443/PowerSolutions/product.do?id=FMB2227A
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MCH6541
https://www.onsemi.com:8443/PowerSolutions/product.do?id=FMB3946
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MBT3946DW1T1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MMPQ6700(LEGACY%20FAIRCHILD)
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS40302PD
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST3946DP6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST3946DXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC847BP
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC847BPDXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST847BPDP6T5G
https://www.onsemi.com:8443/PowerSolutions/product.do?id=CPH5517
https://www.onsemi.com:8443/PowerSolutions/product.do?id=CPH5520
https://www.onsemi.com:8443/PowerSolutions/product.do?id=CPH5524
https://www.onsemi.com:8443/PowerSolutions/product.do?id=HN1B01FDW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=UMZ1N
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC846BPDW1

BJTs - Dual NPNs and Dual PNPs — Current Mirrors
I/|;| [1 [1
™~

i
~
¢

1] Dual NPN Portfolio [T [ [] Dual PNP Portfolio
VCEO Min VCE(sat) IC Cont. VCBO VEBO hFE hFE PD VCEO VCE(sat) IC Cont. VCBO VEBO hFE hFE PD
Part No. (V) Max (V) (A) V) (V) Min Max Max (W) Package Part No. Min (V) Max (V) (A) V) V) Min  Max Max (W) Package
BC848CDW1 30 0.25 0.1 30 5 420 800 0.38 SC-88-6 NSS20200DM 20 0.39 2 20 7 100 2.1 WDFN-6
MBT2222ADW1T1 40 1 0.6 75 6 100 300 0.15 SC-88-6 BC858CDXV6 30 0.3 0.1 30 5 420 800 0.35 SOT-563
MBT3904DW1 40 0.3 0.2 60 6 100 300 0.15 SC-88-6 NST30010MXV6 30 0.6 0.1 30 5 420 800 0.5 SOT-563
NSS40301MD 40 0.06 3 40 6 200 - 0.576 SoOIC-8 MBT3906DW1 40 0.4 0.2 40 5 100 300 0.15 SC-88-6
NST3904DP6 40 0.3 0.2 60 6 100 300 0.42 SOT-963 MBT3906DW3 40 0.4 0.2 40 5 100 300 0.15 SC-88-6
NST3904DXV6 40 0.3 0.2 60 6 100 300 0.357 SOT-563 NSS40300DD 40 0.095 3 40 7 220 - 0.57 SOIC-8
BC847BDW1 45 0.25 0.1 50 6 200 450 0.38 SC-88-6 NSS40300MD 40 0.095 3 40 7 220 - 0.57 SOIC-8
BC847CDW1 45 0.25 0.1 50 6 420 800 0.38 SC-88-6 NST3906DP6 40 0.4 0.2 40 5 100 300 0.42 SOT-963
BC847CDXV6 45 0.25 0.1 50 6 420 800 0.357 SOT-563 NST3906DXV6 40 0.4 0.2 40 5 100 300 0.35 SOT-563
MBT6429DW1 45 0.6 0.2 55 6 500 1250 0.15 SC-88-6 BC857BDW1 45 0.3 0.1 50 5 220 475 0.38  SC-88-6
NST45011MW6ET1G 45 6 0.1 50 6 200 500 0.38 SC-88-6 BC857CDW1 45 0.3 0.1 50 5 420 800 0.38 SC-88-6
NST847BDP6 45 0.6 0.1 50 6 200 450 0.42 SOT-963 NST45010 45 0.65 0.1 50 5 220 475 0.38  SC-88-6
EMX2DXV6 50 0.4 0.1 60 7 120 560 0.357 SOT-563 NST857BDP6 45 0.7 0.1 50 6 220 475 420  SOT-963
EMX1 50 0.4 0.1 60 7 120 560 0.357 SOT-563 EMT1DX 50 0.5 0.1 60 6 120 560 0.35 SOT-563
MCH6544 50 0.1 0.5 60 5 300 800 0.55 SC-88FL NSS60100DMT 60 0.3 1 80 6 90 - 2.27  WDFN-6
NSS60101DMR 60 0.2 1 60 6 100 0.4 SC-74-6 NSS60200DM 60 0.45 2 60 6 40 2.27  WDFN-6
NSS60101DMT 60 0.18 1 60 6 90 - 2.27 WDFN-6 BC856B 65 0.3 0.1 80 5 220 475 0.38  SC-88-6
BC846BDW1 65 0.25 0.1 80 6 200 450 0.38 SC-88-6 NST65010M 65 0.65 0.1 80 5 220 475 0.38  SC-88-6
NST65011M 65 6 0.1 80 6 200 500 0.38 SC-88-6
FFB5551 160 0.2 0.2 180 6 30 250 0.2 SC-88-6

| Denotes Low Vegear Option |

SOIC-8

SOT-563

WDFN6

SOT-963

-l

i
2.0 mm—

1.6 mmJ:
Public Information © onsemi 2022

1.25

T
|1.2|
mm

1.6 mm
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https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS20200DM
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC858CDXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST30010MXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MBT3906DW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MBT3906DW3
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS40300DD
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS40300MD
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST3906DP6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST3906DXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC857BDW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC857CDW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST45010
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST857BDP6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS60100DMT
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS60200DM
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC856B
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST65010M
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC848CDW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MBT2222ADW1T1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MBT3904DW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS40301MD
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST3904DP6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST3904DXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC847BDW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC847CDW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC847CDXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MBT6429DW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST45011MW6T1G
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST847BDP6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=EMX2DXV6
https://www.onsemi.com:8443/PowerSolutions/product.do?id=EMX1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=MCH6544
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS60101DMR
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NSS60101DMT
https://www.onsemi.com:8443/PowerSolutions/product.do?id=BC846BDW1
https://www.onsemi.com:8443/PowerSolutions/product.do?id=NST65011M
https://www.onsemi.com:8443/PowerSolutions/product.do?id=FFB5551

Low Vgsa7 Bipolar Transistors
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LOW Vcgan Bipolar Transistors

Technology Evolution

A

LOW Vce(say BJTs provide an alternative
to MOSFETs and have equivalent
Rpson <30 mQ at 1.0 Amps

N Digital
S (N i
0“0 G\)ﬁe . T‘p|
() K\ T
oot jge '\ e? MOSFET = -t
e e
S d e
N T .| LowVCEsat BJT

ccccccccc

L) s \
o BJT

1950 | 1960 | 1970 | 1980 | 1990 | 200! | -
BJT MOSFET BiCMOS  MOSFET DSP
Scaling

LOW Vcg(sap blurs the performance line between BJT & MosFET

Charge Circuit Comparison

5.0V0 T [ — b ree F—042V

Voo Out lgys

>190 Low Vg sar devices available!

Standard BJT LOW Vogay BIT MOSFET

Lower Efficiency Moderate Efficiency High Efficiency

Low ASP Medium ASP High ASP

Low ESD Tolerance
Mono-Directional

High ESD tolerance High ESD tolerance
Bi-Directional Bi-Directional

High & Low Voltage High & Low Voltage Med Voltage
Switching Switching Switching
Low Turn on Voltage Low Turn on Voltage High Turn on Voltage

High Switching Speed
At Low Currents

Medium Switching Speed
Low Harmonics

Higher Switching Speed
At High Currents

PMU
GND Power Dissipated through Pass
Element
. . Full Charge Ireg =10A
High ESD tolerance —= Rds(on) MOSFET =60 mQ
ellmlna_tes need for Vf Schottky =360 mV
protection Power Dissipated =420 mW

Public Information

LOW Vcesap transistors combine many of the performance
features of MOSFETs with the attractive price of BJTs

Fewer Components = Lower cost + Less PCB Space

5.0V0 NSSEEEOCF [ Ras F—04.2V

Voo Out  lgys

PMU Yo
GND Power Dissipated through Pass Element
Full Charge Ireg =10A
Vce-sat @ 1.0 Amp (Beta 100) = 70 mV
— Equiv Rds(on) = 70 mQ
= 70 mwW

BJT Sink Current in PMU = 10 mA

. I = 50 mwW
S e SR Power Dissipated =120 mW
© onsemi 2022 ™




rT ansistors Portfollo — Larger packages

- -

SOT-223-4 LFPAK-4 SOT-89 LFPAK-8 ChipFET-8
20 NPN 2SD1805 - 0.5 2SD1628 - 0.5 NSS20601CF8 - 0.065
PNP 2SB1302- 0.5
NPN
30 30A02CH - 0.22
PNP 2SA2012 - 0.21 CPH6122 - 0.18 CPLEIiE - Ge
40 NPN NSS40301MZ4 - 0.2 NSS40301CT - 0.2 NSS40601CF8 - 0.075
PNP NSS40300MZ4 - 0.4 NSS40300CT - 0.4 NSS40600CF8 - 0.075
2SC6082 - - 2SC5707 - 0.24 ggggggg ] 8'22 50C02CH - 0.1
NPN | 2S5C6144SG - 0.36 2SD1802 - 0.5 EceEed -G CPH6223-0.13 CPH3216 - 0.19
2SD1060 - 0.3 2SD1803 - 0.4 : NSVS50031SB3 - 0.12
=0 2SC5994 - 0.3
2SA2039 - 0.195 2SA2013 - 0.18
2SA2210-0.5 2SA2040 - 0.39 2SA2016 - 0.39 CPH3116 - 0.43
PNP 2SA2222SG - 0.5 2SA2126 - 0.27 2SA2125 - 0.23 CPHE123-0.23 | \6\/550030SB3 - 0.2
2SB1201- 0.7 2SA2153 - 0.4
NSS60601MZ4 - 0.06
. NPN 2SC6097 - 0.15 S < T4
NSS60600 - 0.35
PNP NZT660A - 0.5
o NPN MJIK44H11T - 1 2SC6095 - 0.15
PNP MJK45H11T - -1
2SC4135 - 0.4
2SC5706 - 0.135 2SC3646 - 0.4
NPN 2SD1815- 0.4 NSS1C201MZ4 - 0.1 | NSS1C301CT - 0.25 2SC3647 - 0.4 NSS1002CL - 0.15 CPH3240- 0.4
100 2SD1816 - 0.4 2SC6096 - 0.15
NSS1C301E - 0.25
2SA1593 - 0.6 2SA1416 - 0.6
PNP 2SB1215-0.5 NSS1C200 - 0.125 NSS1C300CT - -0.4 2SA1417-0.6 NSS1001CL - 0.16 CPH3140- 0.6
NSS1C300E - 0.4 2SA2202 - 0.24
2SC3648 - 0.4
160 NPN 2SC4027 - 0.45 SR e NST1602CL - 0.08
2SA1418 - 0.5
PNP 2SA1552 - 0.5 G e NST1601CL - 0.12

OPN - VCESAT MaX
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Public Information

© onsemi 2022

Semi



Low Vgsapn Bipolar Transistors Portfolio — Smaller Packages

. ] . 1 1
i 3 R i I ! I N 3 i i N -
3.0 2.9 2.0— 2.0— 2.9 2.0 2.0

2.1
1.6
1
6

NPN NSS12501UWS3 - 0.035 NSS12201L - 0.05
12 NSS12100UW - 0.44
PNP N NSS12200L - 0.09
15 NPN 2SD1048 - 0.025
PNP 2SB815 - 0.035
20 NPN NSS20201MR6 - 0.15 NSS20201DM - 0.1 NSS20501UWS3 - 0.04 NSS20201L - 0.05
PNP NSS20300MR6 - 0.015 NSS20500UWS3 - 0.26 NSS20200L - 0.09
- NPN FSB649 - 0.6
PNP FSB749 - 0.6
NSS30071MR6T1G - 0.25
NPN NSS30201MR6 - 0.2 NSS30101L - 0.2 30C02MH - 0.19
- NST489 - 0.075
FMMT549 - 0.75
PNP NSS30070MR6T1G - 0.25 MMBT589L - 0.3 30A02MH - 0.22
NSS30100L - 0.25
40 NPN NSS40501UWS3 - 0.045 NSS40201L - 0.06
PNP NSS40200UW6T1G - 0.12 NSS40500UWS3 - 0.22 NSS40200L - 0.095
50 NPN MCH6203 - 0.19
PNP MCH6103-0.43  50A02MH - 0.12
FSB560 - 0.35
NPN NSS60201SMT - 0.25 FSB560A - 0.3
60 NSS60201L - 0.14
FSB660A - 0.3
PNP NSS60200SMT - 0.45 NSS60200L. - 0.22
80 NPN
PNP
100 NPN NSS1C201L - 0.09
PNP NSS1C200L - 0.115
160 NPN
PNP NSVT1418L - 0.13
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Power
BJTs

High Power Bipolar Transistors
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Power Bipolar 'Il'rqansistorsﬁ— Smallgs Packages

128

20
25
40

50

60

80

100

160
250
350
400

450
300
800

NPN
PNP
NPN
PNP
NPN
PNP

NPN

PNP

NPN

PNP

NPN
PNP

NPN

PNP

NPN
PNP
NPN

PNP

NPN

NPN
NPN
NPN

OPN — I Cont (A)

KSB834W - 3

MJB44H11 - 10
MJB45H11 - 10

FJB102 -8
MJB41C - 6

MJB42C - 6

FJB5555 - 5

FJ15603D - 3

T

Q

35

i 4
2]
|
2SD1805 - 5 BCP68T - 1
BCP69 - 1
MJD200 - 5 FZT649 -3
MJD210 - 5
MJD31 - 3 NSS40301MZ4, NJT4031N - 3
MJD32 - 3 NSS40300MZ4, NJT4030P - 3
2SC5707 - 8
2SD1803 - 5
2SD1802 - 3
2SA2040 - 8
2SA2039 - 5
2SA2126 - 3
N _—_—_ NSS60601MZ4 - 6
2SC6097 - 3 NZT560 -3
PZT651 - 2
NSS60600 - 6
MJD2955 - 10 NZT660 - 3
PZT751-2
MJD44H11 - 8 BCP56 - 1
MJD45H11 - 8 BCP53- 1.5
MJD41C - 6
2SC5706 - 5
e NSS1C201MZ4 - 2
NSS1C301E, MID31C - 3
MIDA42C -6 NSS1C200 - 2
MID253 - 4 NZT753 - 4
NSS1C300E, MID32C - 3
2SC4027-1.5
2SA1552-15
MJD47 - 1
MJD5731 - 1
FJD5555 - 5
FJD5304D, FID3305H1 - 4
FJD5553 - 3
KSC5402D - 2
KSC5502D - 2

Public Information
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6.15
4.15

4.9

NSS40301CT - 3
NSS40300CT - 3

MJIK44H11T - 8
MJIK45H11T - 8

MJIK31CT - 3
NSS1C301CT - 3

MJIK32CT - 3
NSS1C300CT - 3

NSS1002CL - 2.5

NSS1001CL - 2.5

NST1602CL - 1.5
NST1601CL - 1.5

UI

1ISemii



Power Bipolar TranS|stor — Larger Packages

39.4 <16 156 |<10 il 39.4 19 8 |16
Q j < S
N 5
30 NPN 2N6288 - 7 KSC2334 - 7
2SC6082 - 15 NPN 2N6338 - 25 Eﬁggg ] ig BD243C, TIP41 - 6
NPN 2SC6144SG - 10 BD241C, MJF31C, TIP31C -3
50 2SD1060 - 5 100 KSA1010 - 7
2SA2210 - 20 BD244C, TIP42 - 6
OIS 2SA2222SG - 10 PNP HIFEEE =23 TIP42 - 6
2N6487 - 15 BD242C, MJF32C, TIP32C -3
D44HS8 - 10 120 NPN KSD363 - 6
NETEE - 5 PR - 55 MJE3055T - 10 e NPN 2N3773 - 16 FJA4310 - 10
NPN KSD1588 - 7 PNP FJA4210 - 10
2N3055A - 15  TIP3055 - 15
KSD2012 -3 NPN  2N6341-25 MJEA4343 - 16 MJF15030 - 8
60 KSD880 - 3 KSC2073-1.5
TIP31A - 3 150 MJF15031 - 8
D45HS - 10 PNP KSB546 - 2
EEER - 93 MJE2955T - 10 KSA940 - 1.5
PNP MJ2955 - 15 R - KSB1015 - 3 200 NPN BUV21 - 40 BU406 - 7
KSB1366 - 3 S 1T 2SC5242, FJA4313 - 17 T4 o
TIP32A - 3 NPN BUV22-40 T3 00e 17 NJW21194 - 16 vl
70 NPN 2N6292 - 7 S NJW0281G - 15
D44VH - 15 B FJA4213, 2SA1962 - 17
2N6488 - 15 PNP ST NJW21193 - 16 MJE15033 - 8
D44H11 - 10 NJW0302G - 15
MJ14002 - 60 KSE44H - 10 NPN TIP48 -1
NN 2N5686 - 50 NIWAAHLL-10 1 5raam11 - 10 e PNP MJE5730 - 1
KSD1408 - 4 350 PNP MJE5731 - 1
KSD526 - 4 375 PNP MJE5731A - 1
80 TIP31B - 3 FJP13009 - 12
2N6491 - 15 e MJE13007 - 8
D45VH - 15 400 BUL45D2, FJP5555 - 5
D45H11 - 10 FJP3305 — 4
MJF45H11 - 10 PNP MJE5852 - 8
PNP ANl Sl KSB1017 - 4 MJE18008 - 8
KSB596 - 4 450 NPN MJW18020 BUT11A, KSC5338D - 5
BD242B - 3 MJE18004 - 5
TIP32B - 3 500 NPN FJPF5021 -5
MJ802 - 30 600 NPN KSC5502 - 2
90 e 2N5038 - 20 el = 20 FJPF2145 -5
PNP MJ4502 - 30 MJF2955 - 10 800 NPN FJL6920 - 20 FJP5027 - 3
OPN - I Cont (A) KSC5603D - 3
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BJTs — Latest Power Devices - LFPAK 5x6 and 3x3 BJTs @-

Power
BJTs

LFPAK 5x6

Part Number Technology Polarity Veeo Ic
(V) (A)

NSS1C300CTW Low VCE(Sat)
NSS1C3001TW Low VCE(sat) NPN
NSS60600CTW Low VCE(Sat) PNP
NSS40300CTW Low VCE(sat) PNP
MJK31CTW Standard NPN
MJK32CTW Standard PNP
LFPAK4 5x6
CASE 760AB
{a] _, ISSUEC
le | e |

1 t t
l, —I4-—b(4x)
[z} [©0.25@]A]

e
TOP VIEW SIDE VIEW

DR
[©]
i
g

oIS T

=L

DETAIL 'A'
il SCALE: 2:1

BOTTOM VIEW

RECOMMENDED LAND PATTERN

130 1/17/2023
130

100
60
40

100

100

w W w o w

LFPAK 3x3

Part Number Technology | Polarity | Veeo Ic hee
VM [ A
BCP53CLTW Standard PNP 80 1 40 - 250
BCP53-10CLTW Standard PNP 80 1 63 — 160
BCP53-16CLTW Standard PNP 80 1 100 - 250
BCP56CLTW Standard NPN 80 1 40 - 250
BCP56-10CLTW Standard NPN 80 1 63 — 160
BCP56-16CLTW Standard NPN 80 1 100 - 250
LFPAKS 3.3x3.3, 0.65P
CASE 760AD
ISSUE O
~—E2—=+{A]
Note 6
]l_a 5
I N
_Ha—ﬁii DETAIL "A’
1 4 E
TOP VIEW N SIDE VIEW
. £]0.10 Cl
q ’I‘ A3) _‘_ALA
(| S ; ’1(
L
Bt DETAIL ‘A —237
L2 SCALE: 21
5 B_{_ 051 |~ :I 0.45
e [ =
=i Rt
i +
L1 0,49~ f—,
e T
© pgssag | 0ss
[0.05@]C] ®0
BOTTOM VIEW

recomvenoz@Mples availabl{)nseml
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Digital Transistors

BRTs

(Bias Resistor Transistors)

Public Information © onsemi 2022
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BRTs (Digital Transistors) in Summary 0

BJTs with integrated bias resistor network

Allows to use a BJT as a MOSFET %
BJT is intrinsically a current-controlled device
MOSFETSs are voltage-controlled devices
A resistor network allows the BJT to be operated with an external voltage

Available in NPN, PNP, Duals and Complementary configurations

Input voltage ratings, Turn-on voltages and Turn-off voltages depend on the R1 and R2 values and the
corresponding ratio of these two resistors

A typical BRT handles up to 100 mA, 12-40 V input and 50 V output (Vcgp)
Typical on voltage: 1.5 V; Typical off voltage: 1.2 V

Allows to interface small voltages (from MCUs, CPLDs, etc) with large voltages, and also large voltages with large
voltages

Meant to be used mainly for switching applications
BJT operating in cutoff and saturation modes (not in active mode)
Use NPN for low-side switch implementation (to switch the ground)

Use PNP for high-side switch implementation (to switch the input voltage/power supply)
Note that even when the transistor is fully on (operating in the Saturation region) there will be a small voltage drop across it
Thus, if the load needs real ground (an MCU, for example), use a high switch/PNP BRT. Onsem‘
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BRTs in Industrial Applications

Load Switches Vhigh

ON High High
OFF Low Low

V| n VO ut

Low Voltage
Control Signal
(MCU, Logic Gate, etc)

LOAD

D = Vou
R1 I\‘
Low Voltage
Control Signal R2
tc)

(MCU, Logic Gate, e

133

Battery Modules Appliances
and Chargers

Used to interface low voltage control signal to high voltage lines
« Look for applications using
« MCUs, FPGAs, CPLDs, ASICs
« That need to interface with higher voltage lines
« Or anywhere a BJT is used as a switch
« Use a complementary or two singles
« Saves PCB Space and facilitates routing
« Cost effective solution
« Any application that has an external switch / interface has a potential to use
BRTs
« Used as Gate Drivers as well
« Battery modules to enable/disable power MOSFETS controlling input
power
« If the resistor combination needed is not available, OR
« If the device with the Current Handling Capabilities is no in the portfolio
« We could create a Mixed Element Array

Power Tools

Any application with a Switch or with a controller

needing to interface with higher voltages could
potentially use BRTs emi

Public Informati®



BRTs — Other Applications

3.3V

LED Driver

ON High Low

OFF Low High

) D

— C__)
B C—
I .

[————1——] i

out Servers Telecom Eq
1.8V
out Vout
ON Low High
OFF High Low
al il p C) e VTl
= Low pr High C) Low Low High C)
L_OW High Low = Low High High =
H!gh ng Low High Low High
Vout High High Low High High Low
Vin2 [
I Load LI A Ut

Low to High Voltage Interface
(High Side Switch)

134

R2

:

)_ Low/High Voltage NOR
(Dual BRT)

Public Information © onsemi 2022

:-_LowIHigh VolJt'age NAND
(Dual BRT) Onsemi



Datasheet Parameters — Maximum Ratings Veso +

Rating Symbol Max Unit

Collector-Base Voltage Vceo 50 Vdc _h/\/\/\,— || C VC EO

Collector-Emitter Voltage Vceo 50 Vdc R1
100 | mAdc

Collector Current — Continuous Ic

Input Forward Voltage VIN(fwd) 40 Vdc J\N\,_q_ -
Input Reverse Voltage VIN(r ev) 10 Vdc R2 -
“'E
Veso — Maximum voltage that can be applied from Collector to Base (with the emitter open) V||\| rev <+
CBO

Vceo — Maximum voltage that can be applied from Collector to Emitter (with the base open)
|c — Maximum continuous current that the BRT can handle from Collector to Emitter
Vingway — Maximum voltage that can be applied from the Base to the Emitter Vo2
» Normally the power handling capability of R1 is the limiting factor Py R1 Vi _ VPg xR,
* The higher the R1 value, the higher Vy,q, Will be = Ry
Vinreyy — Maximum voltage that can be applied from Emitter to the Base
« It's a function of the resistor network and of the Vg of the transistor
» The resistor network allows the breakdown voltage (Vggo)to be higher of a stand-alone BJT
« If alarge reverse voltage is expected on the application, choose a BRT with higher R1/R2 ratio
« Since Rgg is >> R2, a voltage divider between R1 and R2 is formed
« If R1>R2, most of the voltage will be dropped across R1

Use this summary table to facilitate the BRT selection process in regard to Vg and Ve

Note: The maximum ratings are obtained in isolation, thus there’s no guarantee that getting to the limits of more than one at the same time will not

damage the device.

Please refer to the Power Dissipation curves and the thermal characteristics for each package contained in the datasheet to compute the maximum Onsem‘
1power a device can handle under different temperatures and board conditi@ns Information  © onsemi 2022 -



BRT’s higher BV, than BJT’s via Resistor Network

Theoretical Ve Values as a function of
R1 and R2, with BJT’s V ;=6 V

. cmiter R, (kQ) R,(kQ) Ry/R, Ve

Requivaions = Rzl /R = 5=+ ) (Ground) 2.2 o 6.0
4.7 00 . 6.0
11 1 10 = - 6.0
When Rgg 5 R, R—EE+R_Z:RZ R, 47 ) = 6.0
L\t Ry 100 % ] 6.0
Requiain = (7) =Rz 2.2 47 | 0047 | 63
Base 4.7 47 0.100 6.6
R, (Input) 10 47 0.213 7.3
Vep = Vp_n X . -
(Rl +R z) 22 47 0.468 8.8
R, +R, 4.7 10 0.470 8.8
Ve—in = Vg X ( R, ) 1 1 1.000 12.0
2.2 2.2 1.000 12.0
4.7 4.7 1.000 12.0
10 10 1.000 12.0
22 22 1.000 12.0
47 A7 1.000 12.0
100 100 1.000 12.0
47 22 2.136 18.8
l/
onsemi.
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Datasheet Parameters — ON Characteristics

Characteristics Symbol Min Typ Max Unit
DC Current Gain (Ic=5.0 mA, Vce=10V) heg 35 60 -
Collector-Emitter Saturation Voltage (Ic = 10 mA, Ig = 0.3 mA) VCE(sat) - - 0.25 Vdc
Input Voltage (off) (Vce =5.0 V, Ic = 100 pA) Vi(off) = 1.2 0.5 Vdc
| — = BRT in out
nput Voltage (on) (Vce=0.3V, Ic =10 mA) Vi(on) 25 18 = Vdc Switch ON High Low
OUtpUt V0|tage (On) (VCC =50V,Vg=25V,R.=1.0 kQ) VOL i - 0.2 Vdc SpeCifications OFF Low High
Output Voltage (off) (Vcc=5.0V,Vg=0.5V, R =1.0 kQ) VoH 4.9 = = Vdc

hge — DC Current Gain. Ratio of the collector current to the base current. Also known as B. Useful if target is to use the BRT in the

Active Region for small signal amplification, to compute the needed I for a required I (Ic = hge X Ig)
hee spec is also used to determine the threshold base current needed to drive the BRT into saturation, thus achieving a drop in

the collector-emitter voltage (Ig > Ic/heg)

VCE(Sat) - Largest possible voltage drop between collector and emitter when the BRT is ON (under the given conditions).
The lower this parameter is the better, as this will result in lower power dissipation for a given current level

ol € 05«12 T

00 24.9

(1]

=

S

>

S

7]

)

=

€

Ll

-

)

%] 18— 25—

2 <0.2

°

U I
Vit Vioff) Viton) Viton)
Max Typ Typ Min

137 Input Voltage

ON 22.5
OFF <05
— VW
R1
Vi

Vcc= 5V

|
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« Typical values for Input Voltage (off) and (on) specifications are
measured voltages when the device is exactly at the ON and OFF
conditions and are provided for reference purposes.

* It is not recommended to design targeting these values and instead use
the Vi(off) max and the Vi(on) min to ensure proper device state
transition

onsemi
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Datasheet Parameters — ON Characteristics (Cont)

Characteristics Symbol Min Typ Max Unit

Input Voltage (off) (Vce =5.0 V, Ic = 100 pA) Vi(off) = 12 0.5 Vdc BRT Switch

Input Voltage (on) (Vce = 0.3V, Ic = 10 mA) Vi(on) 25 1.8 - vdc Specifications

Input Resistor R; 7.0 10 13 kQ

Resistor Ratio R1/R> 0.8 1.0 1.2
Vioiry Max — is a function of the resistor ratio and the hee Vi(off) - Output Current vs. Input Voltage
* The lower the resistor ratio, the lower the V;; min =
* The lower the hee (or B), the lower the Vi min E 10.0 , )
- Note that V; decreases, | will fall abruptly as it approaches the Vg spec. 5 &f&‘iﬁiﬁ?ﬁ ;aé’r':g’l
*Use the “Output Current vs. Input Voltage” plot to determine the input voltage at s 10 I XY

which I rapidly decreases 5 o4
Viion) min — is a function of the resistor ratio and the R1 value < '
* The lower the R1/R2 ratio, the lower the Vi, S 00 L — !
* The lower the R1, the lower the Vi(on) 00 05 10 15 20 25 3.0 35 40 45 50
* The collector (or output) current is a function of the input voltage Input Voltage (V)

* The higher the Vi, the higher the I oy

*Use the “Input Voltage vs. Output Current” plot to determine the necessary Vi level 7 Vifon) - Input Voltage vs. Output Current

for atarget collector current s 6
R, — Resistor connected in series to the Base, aka Input Resistor g o
* Normally has +30% tolerance % 4
R,/R, — Resistor connected in series with the Base, aka Input Resistor E 2 | I
« Normally has +20% tolerance g,
« If needed, the range of R2 values can be computed in the following manner 0 I

. Rymin 7 kQ R max
R,min = = = 5.83 kQ Rymax = —————
R,/R, max 1.2 R,/R, min

= —13 ) = 16.25 kQ
0.8
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Device Selection Table

Ratio  Vingwa) (V) Vingev) (V) Vief @ 0.1 mA (V)
R1 (kQ) R2 (kQ) R1/R2 PNP NPN  PNP NPN PNP NPN
1 1 1 10 10 10 10 [20@20mA 2.0 @ 20 mA 0.5 0.5
2.2 2.2 1 12 12 10 10 [20@20mA 2.0 @ 20 mA 0.5 0.5
4.7 4.7 1 30 30 10 10 {3 0@20mA 25 @ 20 mA 0.5 0.5
10 10 1 40 40 10 10 |25@10mA 25 @ 10 mA 0.8 0.8
22 22 1 40 40 10 10 25@5mA 25@5mA 0.8 0.8
47 47 1 40 40 10 10 30@2mA 3.0@2mA 0.8 0.8
100 100 1 40 40 10 10 30@1mA 3.0@1mA 0.5 0.5
2.2 47 0.05 12 12 5 6 1.1T@5mA 1.1@5mA 0.5 0.5
4.7 47 0.10 30 30 5 6 1.3@5mA 1.3@5mA 0.5 0.5
10 47 0.21 40 40 6 7 14@1mA 14@1mA 0.5 0.5
22 47 0.47 40 40 7 8 20@2mA 20@2mA 0.5 0.5
47 22 2.14 40 40 10 10 40@2mA 40@2mA 1.2 1.2
2.2 Inf. 0 12 12 5 6 1.3@10mA 1.1 @ 10 mA 0.5 0.5
4.7 Inf. 0 30 30 5 6 1.3@10mA 1.3 @ 10 mA 0.5 0.5
10 Inf. 0 40 40 5 6 1.7@10mA 1.7 @ 10 mA 0.5 0.5
47 Inf. 0 40 40 5 6 40@ 10mA 4.0 @ 10 mA 0.5 0.5
100 Inf. 0 40 40 5 6 15@1mA 15@1mA 0.5 0.5

139
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Digital Transistors / BRTs (Bias Resistor Transistor) - Singles

SC-59 SOT-23 SC-70 SC-75 SOT-723 | SOT-1123

4.7K

10K

22K

47K

2.2K

4.7K

10K

47K

100K

47K

47K

47K

22K

Inf.

Inf.

Inf.

Inf.

Inf

NPN
PNP
NPN
PNP
NPN
PNP
NPN
PNP
NPN
PNP
NPN
PNP
NPN
PNP
NPN
PNP
NPN
PNP
NPN
PNP

HH@&

SC-59

8.1 mm?2 7.0 mm?2 4.4 mm?2 2.56 mm?2 0.8 mm?2 0.6 mm?2
230mW* 240mW* 150mWwW* 200mWwW* 300mW* 250mW*

MUN2230
MUN2130
MUN2233
MUN2133
MUN2214
MUN2114
MUN2234
MUN2134
MUN2237
MUN2137
MUN2238
MUN2138
MUN2216
MUN2116
MUN2215
MUNZ2115
MUN2240
MUN2140
MUN2241
MUN2141

SOT-23

MMUN2230L
MMUN2130L
MMUN2233L
MMUN2133L
MMUN2214L
MMUN2114L
MMUN2234L
MMUN2134L
MMUN2237L
MMUN2137L
MMUN2238L
MMUN2138L
MMUN2216L
MMUN2116L
MMUN2215L
MMUNZ2115L
MMUN2240L
MMUN2140L
MMUN2241L
MMUN2141L

Some examples shown above
More than 360 BRTs to choose from!

SC-70

MMUN5230
MMUN5130
MUNS5233
MUN5133
MUN5214
MUNS5114
MUN5234
MUNS5134
MUNS5237
MUNS5137
MUNS5238
MUN5138
MUN5216
MUN5116
MUN5215
MUNS5115
MUN5240
MUN5140
MUNS241
MUN5141

SC-75

DTC113EE
DTA113EE
DTC143ZE
DTA143ZE
DTC114YE
DTA114YE
DTC124XE
DTA124XE
DTC144WE
DTA144WE
DTC123TE
DTA123TE
DTC143TE
DTA143TE
DTC114TE
DTA114TE
DTC144TE
DTA144TE
DTC115TE
DTA115TE

140

Public Information

SOT-723

DTC113EM3
DTA113EMS3
DTC143ZM3
DTA143ZM3
DTC114YM3
DTA114YM3
DTC124XM3
DTA124XM3
DTC144WM3
DTA144WM3
DTC123TM3
DTA123TM3
DTC143TM3
DTA143TM3
DTC114TM3
DTA114TM3
DTC144TM3
DTA144TM3
DTC115TM3
DTA115TM3

NSBC113EF3
NSBA113EF3
NSBC143ZF3
NSBA143ZF3
NSBC114YF3
NSBA114YF3
NSBC124XM3
NSBA124XM3
NSBC144WF3
NSBA144WF3
NSBC123TF3
NSBA123TF3
NSBC143TF3
NSBA143TF3
NSBC114TF3
NSBA114TF3
NSBC144TF3
NSBA144TF3
NSBC115TF3
NSBA115TF3

© onsemi 2022

Integrated Biasing Resistors
Board Space Savings!

Cost Savings!

Typical Applications

<
b

v [ R F\ High

AW <_> Voltage
Vout

\ Load

Low Voltage
Signal
(MCU, Logic
Gate, etc)

>
ke
3R

R1 +\ High
_ J Voltage

Vin Vout
R1 Load

Low Voltage
Signal
(MCU, Logic
Gate, etc)

R2
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Complementary BRTs

Complementary BJTs with Integrated Bias Resistors

Reduces Board Space

Simplifies Designs

Decreases Component Count

Cost efficient

Implements Level Shifters with a single part

0.1 10 IMD10A
0.175 Infinity NUS2401
1 1 MUN5330DW1
2.2 2.2 MUN5331DW1
2.2 47 MUN5335DW1
2.2 Infinity
4.7 4.7 MUN5332DW1
4.7 10 MUN5338DW1 UMC5
4.7 47 MUN5333DW1
4.7 Infinity MUN5316DW1
10 10 MUN5311DW1 UMC3
10 47 MUN5314DW1
10 Infinity MUN5315DW1
22 22 MUN5312DW1 UMC2
22 47 MUNS5334DW1
47 22
47 47 MUNS5313DW1
100 100 MUNS5336DW1
100 Infinity

NSBC113EPD
NSBC123EPD
NSBC123JPD

NSBC143EPD
EMD5DX
NSBC143ZPD
NSBC143TPD
NSBC114EPD
NSBC114YPD
NSBC114TPD
NSBC124EPD
NSBC124XPD

NSBC144EPD
NSBC155EPD

Public Information

Low Voltage
Signal
(MCU, Logic
Gate, etc)

EMD5DX

EMC3DX

EMC4DX

EMC2DX

NSTB1005DX

NSBC123JPD
NSBC123TPD
NSBC143EPD
NSBC143ZPD

NSBC114EPD
NSBC114YPD

NSBC124EPD

NSBC144WPD
NSBC144EPD

NSBC155TPD

© onsemi 2022
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Dual NPN and PNP BRTs

Dual BJTs with Integrated Bias Resistors
 Reduces Board Space

« Simplifies Designs

* Decreases Component Count

 Cost efficient wiHi Low/High Voltage NAND
-t LD
[1 T[] []
:E'““ Dual NPN MS Dual PNP

e e

R1 R2
SC-74R-6 SC-88-6 SC-88A SOT-563 SOT-553 SOT-963 (kQ) (kQ SC-88-6 SOT-563 SOT-963
1 1 MUNS230DW1 NSBC113EDXV6 1 1 MUNS5130DW1
2.2 2.2 MUNS231DW1 NSBC123EDXV6 2.2 2.2 MUNS5131DW1 | NSBA123EDXV6
2.2 47 MUNS235DW1 NSBC123JDXV6 NSBC123JDP6 2.2 47 MUNS135DW1 | NSBA123JDXV6 | NSBA123JDP6
2.2 |Infinity| IMH20TR1 NSBC123TDP6 2.2 |Infinity NSBA123TDP6
4.7 4.7 MUNS232DW1 NSBC143EDXV6 NSBC143EDP6 4.7 4.7 MUNS5132DW1 | NSBA143EDXV6 | NSBA143EDP6
4.7 47 MUNS233DW1 NSB1706DMWS NSBC143ZDXV6 NSBC143ZDP6 4.7 47 MUNS5133DW1 | NSBA143ZDXV6 | NSBA143ZDP6
4.7 |Infinity MUNS216DW1 NSBC143TDXV6 4.7 |Infinity| MUN5116DW1 | NSBA143TDXV6
10 10 MUNS211DW1 NSBC114EDXV6 NSBC114EDP6 10 10 MUNS111DW1 | NSBA114EDXV6 | NSBA114EDP6
10 47 MUNS5214DW1 NSBC114YDXV6 NSBC114YDP6 10 47 MUNS5114DW1 | NSBA114YDXV6| NSBA114YDP6
10 |Infinity MUNS215DW1 NSBC114TDXV6 NSBC114TDP6 10 | Infinity]| MUN5115DW1 | NSBA114TDXV6 | NSBA114TDP6
22 22 MUNS212DW1 NSBC124EDXV6 NSBC124EDP6 22 22 MUNS5112DW1 | NSBA124EDXV6 | NSBA124EDP6
22 47 MUNS5234DW1 NSBC124XDXV6 22 47 MUN5134DW1 | NSBA124XDXV6
a7 22 MUNS237DW1 NSBC144WDXV6 NSBC144WDP6 47 22 MUN5137DW1 NSBA144WDXV6| NSBA144WDP6
a7 47 MUNS5213DW1 NSBC144EDXV6 |EMG2DXV5 NSBC144EDP6 47 47 MUNS5113DW1 | NSBA144EDXV6| NSBA144EDP6
100 100 MUNS236DW1 NSBC115EDXV6 100 100 | MUN5136DW1 | NSBA115EDXV6
100 | Infinity NSBC115TDP6 100 |Infinity NSBA115TDP6

mr
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Mixed Element Arrays
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MEAs — Mixed Element Arrays
mailable Discrete Devices Available Packages \

* Reduce Overall System Cost — Schottky Diodes - SO0-8
* Device Insertion Cost — Switching Diodes — SC-74
« Procurement Activity/Inventory Management — Zener Diodes — SC-88/SC-88A
« Smaller board=> Smaller case = Lower cost - [B)iipic;ErTTr;?:;Si:i;g;;S - §8$-gg§/SOT-553
« Reduce End Product Size - MgSFETS oEN
* Less board space —  JEETs
« Smaller and lighter end product — SCRs
* Improve System Quality and Performance — Logic
* Yield improvement (integrated devices tested in production) t Voltage Regulators /
» Lower parasitic inductance and capacitance

From 5 devices to 1 Component

@ @ — 1 Digital Transistor (BJT + 2 resistors)
‘ ‘ “ — 1 Digital Transistor (BJT + 1 resistor)
Ld A — 1BJT
FII

— 2 Diodes

m!
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Zener Diodes
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Zener Diodes In Industrial Applications

MOSFET OVP

Inductive Load (relay,
motor, solenoid...)

Vin

* Clamping Network/
, Snubber

—a =
|
i

LOAD

LOAD

:

=
o

Power Tools

Jul | m»{ﬁ;-.

U W

(1B -

Battery Modules
and Chargers

146

LOAD

Vout

Vin
o

AY|

/1

LOAD

Public Information

Voltage Monitors

Vin

O

© onsemi 2022

P .
%
Garage
Door :
Openers EV Charging

Stations
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Zener Diodes — 01005 DSN2 = In Progress!

Similar Py, >75% PCB space

savings with SOD-523 (vs ' =

SOD123

» Explorin I hus
= o«  @ew o e [ n
R
2.5x1.3mm 1.6 x0.8 mm 1.0x 0.6 mm 1.0x 0.6mm 0.6x0.3mm 0.44x0.23 mm v L o Voe= Ve R

(3.2 mm?) (1.28 mm?) (0.6 mm?) (0.6 mm2) (0.2 mm?) (0.2mm?2)

300mW+#* 500mW=* 200mwW=* 250mW=* 200mwW** 200mW=** o Qrrrmnee
Vv, SOD-323 (Tight Tol)  SOD-523 (Tight Tol) SOD-923 (Tight Tol)  X2DFN2W2 (Tight Tol) DSN2 01005 Voltage Freguiator
2.4V MM3Z2V4T1G MM5Z2V4T1G NZ9F2VAT5G NZ8F2V4SMX2WT5G NZD2V4MUT5G NZE2V4FCT5G ——vin— °
2.7V MM3Z2V7T1G MM5Z2V7T1G NZ9F2V7T5G NZ8F2V7SMX2WT5G NZD2V7MUT5G NZE2V7FCT5G Lo e .
3.3V MM3Z3V3T1G MM5Z3V3T1G NZ9F3V3T5G NZ8F3V3SMX2WT5G NZD3V3MUT5G NZE3V3FCT5G Zene
3.9V MM3Z3V9T1G MM5Z3V9T1G NZOF3V9T5G NZ8F3VISMX2WT5G NZD3VIMUT5G NZE3V9FCT5G o | .
4.3V MM3Z4V3T1G MM5Z4V3T1G NZOF4V3T5G NZ8F4V3SMX2WT5G NZD4V3MUT5G NZE4V3FCT5G Waveform Clioper
4.7V MM3Z4V7T1G MM5Z4V7T1G NZOF4VTT5G NZ8F4V7SMX2WT5G NZD4VIMUT5G NZE4V7FCT5G ) o
5.1V MM3Z5V1T1G MM5Z5V1T1G NZ9F5V1T5G NZBF5V1SMX2WT5G NZD5VIMUT5G NZESV1FCT5G Typical Applications
5.6V MM3Z5V6T1G MM5Z5V6T1G NZ9F5V6T5G NZ8F5V6SMX2WT5G NZD5V6MUT5G NZE5V6FCT5G
6.2V MM3Z6V2T1G MM5Z6V2T1G NZ9F6V2T5G NZ8F6V2SMX2WT5G NZD6V2MUT5G NZE6V2FCT5G Higher Power Rated
6.8V MM3Z6V8T1G MM5Z6V8T1G NZOF6VST5G NZ8F6V8SMX2WT5G NZD6VSMUT5G NZE6V8FCT5G Devices Also Available
7.5V MM3Z7V5T1G MM5Z7V5T1G NZ9F7V5T5G NZ8F7V5SMX2WT5G NZD7V5MUT5G NZE7V5FCT5G _
8.2V MM3Z8V2T1G MM5Z8V2T1G NZOF8V2T5G NZ8F8V2SMX2WT5G NZD8V2MUT5G NZE8V2FCT5G
12V MM3Z12VT1G MM5Z12VT1G NZ9F12VT5G NZ8F12VSMX2WT5G NZD12VMUT5G E INS3 S Surmetic™
15V MM3Z15VT1G MM5Z15VT1G NZ9F15VT5G NZ8F15VSMX2WT5G NZD15VMUT5G . 1PMT 3.2 Powermite
16V MM3Z16VT1G MM5Z16VT1G NZ9F16VT5G NZ8F16VSMX2WT5G NZD16VMUT5G ; : sllxN/lg% ; g Su r;n Jg c
18V MM3Z18VT1G MM5Z18VT1G NZ9F18VT5G NZ8F18VSMX2WT5G NZD18VMUT5G . LaMARS e <MA
21V MM3Z27VT1G MM5Z27VT1G . NZ8F27VSMX2WT5G . . N4 i Axial Leaded
33V MM3Z33VT1G MM5Z33VT1G NZ8F33VSMX2WT5G . . BZX8E 1 Avial Loaded

Industry’s smallest 50% smaller MMSZ 0.5 SOD-123
Zener diodes! than X3DFN BZX79 0.5 Axial Leaded
Same Power! MM5Z SOD-523
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Schottky Diodes
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Schottky Diodes in Industrial Applications

Boost (up) Converter

?

P
e
P

70);

g
= (I — g HMIs/ upPsS
PWM o Terminals
(Displays)
Buck (down) Converter
VIN p| Regulator p————p> Ifr?\:sr UPS
Dboost %Cd river _
Bootstrap — EV Chgrglng
Enable _L> Control || Input = Stations
Cboost
|—
; Switching T NN
|' Node LConv a
k J_ DConv CConv §
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Schottky Diodes in Industrial Applications

OR-ing Voltages /Power Supplies —
Battery ))) D
_r NL: ° %o — % ) o
— H = ) UPS
. » =l = Ca—
L Servers Telecom Eq

|
|
LOAD

. ol

Power Tools

Voltage Clamping .

. ] Power - ‘I

MCU, Low Voltage Inputs... 3-Phase Gate Drivers Load Switches = Elt b -
Vdd Rb EV Charging Power
Stations Tools

—I1 01—
W LOAD o — 5 l 0
Low Voltage
Control Signal i n l o
(MCU, Logic Gate, etc)
o UPS
- - J,. Appliances

onsemi
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Schottky Diodes on Gate Drivers

Vload

Vin
L Fan/
2 Motor/ + —IE
PWM/Driver Relay - ‘I
1 Vee g:[ b - o

EV Charging Power
Stations

AA

ow
N
|

onsemi
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Small Signal Schottky Diodes

High Performance Schottky Diodes in Industry’s Smallest Form Factors

. S0D-323 .

S0D-523

S0D-923

DSN2 0201

XADFN2 01005

25x13mm

(3.1 mm?2) (1.3 mm?2)

200mw=* 280mw=*

Q

1.6 x0.8 mm

1.0x0.6 mm
(0.6 mm?2)
220mW*

v,

0.6 x0.3 mm

(0.18 mm?3)
350mW*

v

045 x0.24 mm

(0.11 mm?2)

OD oD OD-S [ 020 4D 01005
20V. 500 mA - NSRO520V2 NSR0620P2 - NSRO5201MX4
30V, 30mA RB751V40 RB751540 - -
30V, 70 mA - - NSRO140P2 - -
30V, 100 mA - NSRO130P2 NSRO1L30NX NSRO1301MXx4
30V. 200 mA RB521830 NSR0230P2 NSRO2F30NX | NSR02301Mx4
30V, 200 mA - RB520S30 - NSRO2L30NX -
30V. 200 mA BAT54H BAT54X - - -
30V. 500 mA NSRO530H NSRO5T30XV2 NSRO530P2 NSRO5402NX NSRO5301MX
40V, 200 mA NSRO240H NSRO240V2 NSR0240P2 - -
40V. 200 mA NSRO340H NSRO340V2 NSRO340P2
70V, 70 mA NSRO170H - NSRO170P2
94% smaller, 75% higher power
10
SOD-323 EP DSN2 0502 <
N DSNZ /
~—— 25 —» ~ 1.4 — = 1
| T g -
f A 73% ——t £ 77
1.3 S ——- > E
L [ D Smaller l 70:5 ; 0.1 / SUD-SpsE
TOP VIEW TOP VIEW g > A7
¥ S
' ; 0.28 X F—7
I Thinner — A i
SIDE VIEW SIDE VIEW V/
0.001
Dimensions in mm. Not to scale. 01 0.2 0.3 04 0.5

152
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1/17/2023

Vg, Forward Voltage (V)

Public Information

0.6

Low Vf Schottky Diodes in Smartphones
(Application: Boost Converter for Backlight (5-30 V, 500 mA))

0.05
ON’s DSN 2 CSP is best in class O

0.045 with 11% better Power
§ dissipation than Nexperia Toshiba (S0D923)
= @  CTS05s30
£ 004 \
o Rohm (DFN S0D5)
5 ) RB55055-30
-% 0.035 Nexperia (SOD-882)
I 0o PMEG3005EL
(=}
. ON Semi (DSN CSP)
2 D NSROSF30NX
=] ON’s trench schottky SOD882
o ON Semi (SOD-8 ha$ 20% better Power

0.025 NSRO5T304MX

\ dissipation than Nexperia in
same package.

0.02

Continued Innovation to Maintain Lead

New: Industry’s smallest 0.5A Schottkys!

Features / Benefits

* Industry leading size

- Less board space

* 0.18 mm height

* Shortest possible thermal path
* Low forward voltage drop, V¢

* Pb and Halogen free

© onsemi 2022

- Thinner board profile

- Reduces power dissipation
- Increases circuit efficiency
- Environmentally friendly
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Small Signal Schottky Diodes
- -

K -

0.6

Kl

10
|<—o.8

0.6

0.32

0.

DSN2 X2DFNW?2 DSN2 X2DFN2 DSN2 X4DFN
SOD-123 SOT-23 SC-70 SOD-323 0603 0603 SOD-523 SOT-723 0402 SOD-723 0402 SOD-923 X3DFN2 0201 01005
0.5 NSR0520V2 NSRO5F20NX NSR0620P2 NSR05201
0.6 NSR0620SP2
20
1.0 NNSSRFi%%?W NSR10F20NX
2.0 NSR20F20NX
0.03 RB751V40 RB751S40T RB751S40P2
0.07 NSR0140P2
NSR0130P2 | NSRO1F30M | NSRO1F30NX
0.1 WD NSRO1L30P2 | NSRO1L30M | NSRo1L30NX | NSRO1301
BAT43XV2
BAT54T BAT54L BAT54W A BAT54M3 NSR0O2F30NX
30 0.2 MMSD301 | MMBD301L | MMBD330 BAT54H g:;lbg% MMBD301M3 NSR0230M2 NSR0230P2 | NSR02F30M NSRO2L 30NX NSR02301
RB521S30
0.5 NSRO530H NSRO5T30XV2 NSRO5F30NX I\II\ISSRROOSS'I'S3OOPP22 NSR05301
0.6 NSR0630P2
1.0 NSR10F30NX
2.0 NSR20F30NX
0.12 BAS40L BAS40P2
0.2 NSR0240MX | NSR0240P2
: NSR0O2L40MX | NSR0340P2
0.25 NSR0240H NSR0240V2
NSR0340H NSR0340V2
40 0.5 NSRO5T40XV2 NSRO5F40NX NSR05T404MX| NSRO5T40P2
0.75 NSR07540
1.0 NSR10T406 NSR10F40NX
20 NSR20406NX
: NSR20F40NX
= MMBD701L
7 0.07 BAS70L NSRO170HT NSR0170P2
¢ 0.1 MMDL770
0.2 MMSD701 MMBD770
100 0.2 NSR02100
onsemi
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Full and Half Bridge High Efficiency Schottky Rectifiers
<> < <> <

Spec NSR1030 NSR2030 NSR2030 NSR2030
P QMU QMU QMX DMX
Vg 30V 30V 30V

30V
I 1.0A 20A 20A 20A
Ve@O05A 415 mV 400 mV 410 mV 410 mV
VE@1A 475 mV 455 mV 455 mV 455 mV
VE@2A - 545 mV 545 mV 545 mV
lr @30V 6 HA 7 WA 5 uA 5 uA
Size (mm) 3x3x0.5 3.5x35x0.5 3x3x0.39 2x1.35x0.39
2.0 x 2.7 (5.4 mm?2)
Configuration -%}+ -ﬁ}+ -ﬁ}+ 1 .’ Half Bridge x 2
N\~ N\~ N\~
« UltraLow V¢

« 410 mV @ 500 mA Typ

« 450 mV @ 500 mA Max
Full and half bridge configurations
DFN packages ideal for space constrained applications
Half bridge provides high degree of routing flexibility

onsemi
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Small Signal Switching Diodes
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Small Signal S
+|1.7|+ |«-3.4]

itching Dlodes Singles
’._

16

VR (V) Axial Lead

-

SOD-80

SOD-123

SOD-323

SOD-323FL SOD-523-2

ﬂii

SOT-23-3

SC-70-3

SC-75-3

SOT-723-3

SOT-1123-3

FJH1101 \
1IN456A .
30 FJH1100 \{Q\“
40 A M1IMA151K M1MA141K
BAL99L
70 1N457 MMDL 6050 MMB D6050L
IN4148WT
75 1N4454 FDLL4150 1N4148WS 1IN4448WT BAS116L BAS116T NSD16F3T5G
IN914BWT
80 1N5282 M1IMA152K
85 FDLL457A
1N4148
1IN414 FDLL414
1N4443 FDLL444g MMSD4148 BAS16H 1N4448WS 155400 BASI6L
100 MMSD4448 BAS16XV2 BAS16P2 |BASH16MX2W MMBD1201 BAS16W BAS16T BAS16M3 NSD914F3T5G
1N4448 FDLL914 MMDL914 1IN914BWS
MMSD914 NSD914XV2 MMBD914L
1N914 LL4148
1IN916
BAS19L
120 BAV19 BASH19MX2W BAS29
BASH19
BAY72
125 BAY73
1N3595
INSBA | oy | 500
150 FDLL333
FDH333 FDLL3595
FDH3595
FDH444
180 BAX16
1IN3070
1N459 BAV102 BAS20L
200 1IN459A FDLL400 MMSD3070 BAS20HT1 BASH20MX2W MMBD1401
1N485B FDLL485B MMBD1501A
FDH400
BAS21AH
250 BAV103 MMSD103 BAS21HT BAS21XV2 BASH21MX2W BAS21L BAS21M3
350 NSD350H

156
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y

y

i Common Anode

Common Cathode

[l
VR  SC-59-3 SOT-23-3 SOT-323-3 SC-75-3 SOT-723-3
35 MMBD2835L
40 | MIMA151WA M1MA141WA
BAWS56L BAW56W
70 NSDO70AL BAWHS6 BAWS6T BAWS56M3
75 MMBD2836L
80 | MIMA152WA M1MA142WA DAP222 | DAP222M3T5G
100 MMBD1205
MMBD4148CA
120 BAS35
MMBD1405

200 MMBD1405A

MMBD1505A

1

...
o~ - N — o o
2.9 J_"4—2.1—>|
2.9
157

© @
Al o
1.6

VR  SC-59-3 SOT-23-3 SOT-323-3 SC-75-3 SOT-723-3
35 MMBD2837L
40 | MIMA151WK
50 BAV74L
70 MMBD6100L
75 MMBD2838L
80 | MIMA152WK M1IMA142WK DAN222 DAN222M3T5G
BAV70L
100 MMBD1204 BAV70W BAV70T BAV70M3T5G
MMBD4148CC
MMBD1404
200 MMBD1404A
MMBD1504A
250 BAV23CL
J_ _<t_ )

Small Signal Switching Diodes — Duals & Triples

0 T Series

70 BAV199L
BAV99L

100 MMBD1203 BAVI99W
MMBD4148SE BAVI99RW
MMBD7000L

120 BAS31
MMBD1403

200 MMBD1503A
BAS21SL

250 BAV23S
MMBD1401AL

:

Y ¥
L!I A

1.24

¥
Duals (Independent)
AV/ SC-88A SOT-563
100 BAS16DXV6
250 BAS21DW5
T

Public Information

© onsemi 2022
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oot

Triples

VR SC-74

80

SC-88-6
HN2D02FUTW1

100

BAS16W1

250

BAS21TMR6

Area Savings Reference Table

From/To SOT-23

SOT-323
SC-70

SC-75 SOT-723 SOT-1123

0% 37% 63% 79% 91%
0% 42% 67% 86%
0% 44% 7%
0% 58%
0%
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ESD & Surge Protection

mr
158 Public Information © onsemi 2022 Onse ‘w



Single Line 01005

ESDL1531, ESDL1012

1[2

ISES 4G 4 20 Gbps Single Line 0201 ESDL2011, ESDL2012, ESDL2031, ESD8011
(+1 USB 2.0) 3 pair (Tx, Rx, D+, D-) ESD8116, ESD8006
2 pair (Tx, RX)* ESD8704, ESD8504G, ESD8104 EMI8x42
Single Line 01005 ESDL1531, ESDM1131
Single Line 0201 ESDL2031, ESD8011, ESD8472, ESD7331
USB2.0 1 480 Mbps Single Line 0402 ESDL4151. ESD8551, ESD7551
2 pair + Power NSP4201, NUP4114 EMI2121
1 pair + ID + Power NUP2114
1 pair* ESD7L5.0
Single Line 01005 ESDL1531
40 Gbps Single Line 0201 ESDL2011, ESDL2012, ESD8011
ume el 4 (2x20) 2 pair* ESD8004
3 pair ESD8006, ESD8116
Single Line 0201 ESDL2031, ESD8472
HDMI 1.x. 2.x 4 48 Gbps 4 pair + CEC, SDL, SDA, Power, HPD ESD8040
< (12x4 FRL Mode) 2 pair* ESD8104 + NUP4114 EMI8x42*
4 pair* ESD8118 + NUP4114
Single Line 01005 ESDL1531
. 25.9 Gbps Single Line 0201 ESDL2011, ESDL2012, ESDL2031, ESD8011
DisplayPort 4
(8.1x4) 2 pair* ESD8704 (2) + NUP4114 EMI8x42*
4 pair* ESD8118 + NUP4114
5 pair + CLK, Vcc EMI6316
4 pair + CLK, CMD CM1624-08DE
: 8 line CM1230-08CP
ORI 208 MHz 4 line ESD5004, CM1230-04CP
2 line ESDL3552, CM1230-02CP
single line 0201 ESDL1531, ESDL2031, ESDM2033
eSATA 1.0 2 1.5 Gbps 2 pair ESD7004
eSATA 2.0/3.0 2 BOIELb 2 pair ESD8704, ESD8104
T 6.0 Gbps '
Single Line 01005 ESDL1531
BCle 3.0 16 8 Gbps (x1) Singe Line 0201 ESDL2011, ESDL2012, ESDL2031, ESD8011
2 pair ESD8704
4 pair ESD8708, ESD8118
Single Line 01005 ESDL1531
Singe Line 0201 ESDL2011, ESDL2012, ESD8011
RelgE A L 1o (el 6% 2 pair ESD8104, ESD8004
4 pair ESD8118
10/100 Ethernet 2 50 Mbps 2 pair NSP8814, NSP4201
L 2 pair NSP8814, NSP4201
Gigabit Ethernet 4 250 Mbps 4 pair NSP8818, ESD8708
10G Ethernet 4 2.5 Gbps 4 pair ESD8708, ESD8018, ESD8008, ESD8118

ESD/Surge Protection
Selection Guide
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Ethernet Protection
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Ethernet Portfolio

Ethernet protocol

Dataline Protection

Ethernet Ethernet Ethernet

Ethernet
10G 2.5/5G 10/100/1G

40G

ESD8708 NSP881x
ESD8704/8 NSP4201

ESD7008 ESD8008
ESDS018 L NSP8704

2.2 mm
3.5 mm
2.0 mm
2.0 mm
_

161 Public Information © onsemi 2022

PoE
IEEE 802.3 af

IEEE 802.3 at

PoE+

Powerline Protection

4PPOE
IEEE 802.3 bt

NSP5804

24A

In Development

4.9 mm

NSP5824

48 A

In Development

»

-

4 mm
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ESD8708 — 2.5 & 5 Gbps Ethernet Protection

ESD8708
8 Channel Protection — Flow-through package intel) Intel Ref. Design
« 3.3V Viwm 2.5 GbE

< 1 pA Leakage Foxville (1225-V) NIC, Dock,

Unidirectional

0.35 pF Typ, 0.50 pF Max
Insertion Loss (pin to ground)
0.001 dBs @ 200 MHz

0.025dB @ 1.25 GHz
0.085dB @ 2.5 GHz

6.5V Clamping @ 16 A, 100 ns TLP
7.1V Clamping @ 8 A, tp=8/20us, Req =2 Q
100 ns TLP I-V Curve

Switch & Dongle

ESD8708

1.5x 55 mm

Insertion Loss

20 0.1
18 / 0.0
-0.1
14 S, W
203 AN
12 0. e
— =2 .04 A
< 10 > \
< 2.0.5
= 8 = \
. =-06 \
6 %'0.7 ‘
4 0.8 ‘\
2 -0.9
0 1.0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1.0E+08 1.0E+09 1.0E+10

Vere (V)
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NSP881x - 10/100/1000 Ethernet Data Line Protection

Flow through routing

163

* 3 Verwm O Vg
« 35 A Peak Current (8 x 20 ps)

1GbE

NSP881

10)93UU0D
ar-(y

WAL

« 1.5pF I/Otol/O @ 1 MHz e
« + 30 kV Contact IEC61000-4-2 Level 4 rated 14
« <15V clamping voltage @ 35 A (8 x 20 ps) 1o

+ 4/8 ch flow through package =
—_— 10
Competitors ON Semi B -E- a
— = 6
; a

| 2.0 MM i : )
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10/100 MbE )
) NSP8814 i
= 4 . 9
° - ! =
§ N /)%—[ 5 g '3
] 10/700 ps (10-10)
—— ESD1014 Competitors=
e Rclamp2574N 8 Line (2 Copies Needed)
sm=== Rclamp2574N 4 Line
. NSP881X
i NSP8818
ﬁle Part)
o 2 a & 8 10 12 14 16 18 20
Ipk [A]
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NSP58x4 - Power Over Ethernet Protection - In Development

Every PoD Equipment needs Surge/ESD protection

Often recommended protectors:
SMBJ58A , SMBJ51A, SMBJ60A
S1B

NSP58x4 offers
Smaller footprint
Easier routing
Lower leakage
Similar clamp voltage at 24 A Surge
Better protection against Surge and ESD if used in front of bridge rectifiers
Can be used in 2-line configuration with better performance than SMBJ58A

2

L3

SOIC-8 Package

r 3

4.9 mm

4 mm

SOIC-8

3.9 mm

i

SMBJ
DO-214

<

~ 9 mm

SMBJ
DO-214

i

g

SMBJ
DO-214

i

g

1

SMBJ
DO-214

1

SMBJ
DO-214

~5 mm

8x20 V&S Surge 94V@50A > Best in class
50
45 NSP58x4 benefits:
20 !\\\3// /| - Lower clamping voltage
’Qﬁy // - Higher surge robustness
% n(\y / - Smaller or same Form Factor
3:30 A/ o'
‘525 // - ’ﬂ Device Vrwm[V] | Ir[uA] | Ipp[A] | Vcl @ 24A |Package
3 20 ///\ Competition 10% worse V.. at @ 24A NSP5824 58 0.1 45 <80 SOIC-8
15 //// P ’ e Competitor A 58 0.2 24 >85 SOIC-8
10 /7~ Competitor B 58 02 | 24 >85 SOIC-8
///' Competitor C 58 02 | 24 >85 | SOIC-8
60 70 80 90 100 110
Voltage (V) m'
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RS-232 / Serial Port

High and Low Speed Data Lines

onsemi
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ESDL4151 - 15 V Bidirectional Protection in 1.0 x 0.6 mm

ESD L4151 r 0_6 j ( SUPERSPEED . \
«  High Speed Data Line Protection mm I‘I'I @USB
* 15V Vg, Protects against shorts to VBUS lines 1.0 235/Serial
- X4DFN2 (0402) 1.0x0.6, 0.26 mm max thickness mm RS-232/Serial Port
«  High Surge Capability (8x20 ps) . J L y
— >10Al,
— Excellent clamping: 23V @ 10 A
* Fc=9GHz
* 0.8 pF Capacitance @ 1 MHz
% Clamping Voltage vs. Peak Pulse Current (tp=8/20ps) 2 100 ns TLP I-V Curve Insertion Loss
0.0 '
24 | S
— b | e e | | — 18 - 0] |
2 TI bl | Rynz02q s £ N
20 — — :
18 /‘"a— Rpyn|= 0.45 : 14 IT: 310 OI
=16 , 12 [ g
<14 = 2
= | <10 ! 45
@3}2 l _é 8 |- — _[ | =
>10 7| I =
8 : 6 <20
6 | I )
9 | 2 L1 N
0 1 2 3 4 5 6 7 8 9 10 11 12 0 2 4 6 8 10 12 14 16 18 20 22 24 26 1.0E+07 1.0E+08 1.0E+09 1.0E+10
lpx (A) Verp (V) Frequency [Hz]
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Darlingtons

mr
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Darlingtons .

"39.37

—
'

|4

26.67

+7:6

10.8

v
& Il

Q 0
~ ™

L1 LT L]
6.5

6.5—>{
[ ]
Es —
1 [{e]
[e)]

I

|<4.8

@

<
|

2.9

VCEO TO-204-2 TO-247 TO-225-3 SOT-223-4 DPAK-3 TO-92-3 SOT-23-3
BC517-30000 MMBTA13L-10000
£ PEIAA 20000 KSP13-10000 | MMBTAL4L-20000
40 MMBT6427L-20000
MJ11012-1000 2N6043-1000
60 R 2N6388-1000
TIP120-1000
BDX33B-750
BSP52-2000 MJD44E3-1000
80 BDX53B-750 MMBTA28-10000
ST PZTA28-10000 | MJD6039-1000
2N6045-1000
BDX33C-750
MJH6284-750 K SD560-2000 BD681-750 NZT7053-1000 MJD112-1000
= ANEZE -5 TIP142-500 MJF122-2000 MJE270-1500 | PZTA29-10000 | MJD122-1000 | MPSA29-10000
MJF6388-3000
TIP102-1000
110 NZT605-2000
0 MJ11016-1000
MJ11032-1000
200 MJH11020-400
250 MJ11022-400 MJH11022-400
350 BUB323Z-500 NJD35N04-2000
400 MJE5742-200 MJB5742-200
BCV26-10000
30 PZTA64-20000 BC516-30000 MMBTA63L-10000
MMBTAG64L-20000
BDW94C-750
BDV64B-1000
MJF127-2000 MJD117-1000
100 M{]|gii$_7§ggo TIP107-1000 BD682-750 MJD127-1000
TIP127-1000
MJ11015-1000
120 T MJD128-1000
150 MJH11017-400
200 MJH11019-400
250 MJ11021-400 MJH11021-400
| OPN — hFE min
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