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CARGOS POR EXCESO DE EQUIPAJE-LAN PERU
e T ——

Sl Bevas equipaje con sobrepeso o wiSjas con fu mascota, infrmais de 135 nonmativas ames de fu vusio. Las mascolas slemgre saran consideradas plazas adicionales de equipaje,
Funque vidjes sin maietas. Para conocer & cosio inal, nevisa 13 1E0ia de cangos ¥ vakires de 303 cango en esi3 secoion.

Cargos por exceso de equipaje

@ Okg-23kg 23kg- 32Ky 32Ky -45kg

Cargos an ruta entre Ecuador - Miamil con

- e {0 b - 50 1) {501 - 70 Ik {701k - 33 1b)

1 plaza da squipajs 0 25 kg {50 16}

Solrepesd an pezas parmitidas hO apilcan cangas 2 cangos”

Primera piara adicional 1 cangos por pleza 2 cangos pwr pleza 3 cangos por pleza

Sagunda pleza adicional 2 cangos por pleza 3 cangos por pleza 4 cangos por pleza

Mascoia 2 cangos por pleza 3 cangos pwr pleza 4 cangos por plera

@@ 0kpg-23kg 23 kg - 32 kg d2kg -45kg

Cargos en rutas con franquicla de {0k - 50 1) {50 1t - 70 1k} {701k - 33 1)

2 plazas da equipaje de 32 kg (70 Ib) cada una

Sotrepesa en pezas parmitidas W apiican cangas ko apilcan cangas 1 canga®

Piaza adicional 2 cargos par pleza 3cangos por pleza 4 cangos por pleza
Mascoia 2 cangos por pleza 3cangos por pleza 4 cangos por plera
@@ Okg- 23 kg 23kp - 32Ky 32kp - 45kg

Cangos an rutas con franquicla de {01 - 501k} {50 1t - 701k} {701t - 33 1k}

2 plazas da equipaje de 23 kg |50 Ib) cada una

Solrepesd an pezas parmitidas MO 3piCan Cangos 1 carga 2 cangos”

Piaza adicional 2 cangos por pleza 3 cargos por pleza 4 cangos por pleza’
Mascoia 2 cangos por pleza 3 cangos por pleza £ Cangos por ez’
-+-=23Igiﬂlll} Dkg-23kg 23kg -32 kg A2kp-45kg 45kg-65kg E5kg-90kg
Cangos an rutas con franquicla de {015 - 50 Ik} {501t - 70 1) {701k - 33 I} {391k - 143 I} {143 I - 138 Ib}*
2 plazas qua antrs ambas pessn 23 kg en total

Solrepesd an pezas parmitidas h0 3pican cangos 1 cango 2 cangos” 3 cangos” 4 cangos”

Pieza adicional 2 cangos por pleza 3 cangos por pleza 4 cangos por pheza’ Mo B8 parmite™ o B8 parmite™
Mascoia 2 cangos por pleza 3 cangos por pleza 4 CaNgos por pheza’ Mo B8 parmite™ Mo B8 permite™




{1

{54

73]

{73

%]

{211

42I)

i6E)

{60

{51

LER]

58]

56]

PATENTES DE MALETAS

United States Patent
Trumang

LU AaGE WETH BUILT-IS WEIGHT
MEASUREMENT DEVICE AND AETIRED OF

U=k

Imvenner:  Poler 1V Temsng. Lo Blamds, CA (L5)

Assignoe: Ricardo Boeverdy Hills, Lo Minals, CA
LS}

Miticw Svbjoct o amy dischimer, tha term of this
rerieni i exionded o sdpsiod usder 35
LESAT, 1540k} By 1k days

Appl. Mos TSRS

Fileal: WMo, 13, Tk

I'rinr Puhlication [kaca

LITs ZTHRTAN 0T A Bday 17, JIARY

Meluted LS. Application Data

Proyisesial application Mo 60735 341, Bled o Noy.
1T 2115,

Int. 271,

Gy PR {00 1] s

ALA J LA . LE N

USR CL e TTNEN; T4 17245,

190 | 5 TR TR ZR40ST0

Field ol {’lassificaiian Search 1%ax] | 5;
L7 ED, 14R, 145 245, Z2400ETG; AW2TR

Sow applwation file for complvte seanch history
Helvreneos € Hed
LLS PATERT X TUIMESTS

e Lo LY 1A Ky
1,067,100 A 1914 Duma o al
1T A TV Siarin
1 o604 A T19ET Sdwin e sl
131887 A N 1951 Alkerion
10 A F1R Whise
1. TEATT A NI Whisa
1517000 A L1000 W

(10 Patent Mo, US 7.378.6004 B2
145 Drate of Patent: May 27, 2008

ANAM A 51963 Famar el al

AN A BI9ET Kecmwn o al

S.ETAN A 21 EE  Hodomor

ASTIATE A AN9T] Muks e o

AEWTEE A WI9TE Ehe

ERGEE 1Y QR Wnphi

A7 HE 5 12 19EY CThoesiman o al

A A d9ET Rl o ol

o M A WITET Heren

AN AT N 11 AlB:I

40T, HE 5 A 1R0 Fakad

4821911 & 51950 Polleck o al

S0 A TEEl Packer of al

SLE0AER A 609E Crrwiiod of al

SIIEE & AL Koy
fLET T T TEC

FORBIGH PATENT DT ERTS
e TSR EL O L1ETR
i |
Frimary Hnnwiner—Bashe W Gikenn

(M0 Averney, Agear, o Firn— Michae] Dot & Friedrich
LLP

57 ABETRACT

A owepht measoeeent modole opesraiveely couphad Kow
phete of lpgga pe o dewemmingg the weggh of the ugimge
] i cosdeals, The weight memunasenl moduke inglisles
o o woene o cell, @ presesar aperalively eooplal o
e cmsie oor wreene boeedl cndle, aned o displeny oparab ke s display
the weight of the luguwpe and = conlonis

18 Clmimes, 14 Dy wwiineg Sheces




DATOS DE LA CELDA DE CARGA



ANALOG
DEVICES

Single and Dual-Supply, Rail-to-Rail,
Low Cost Instrumentation Amplifier

AD623

FEATURES

Easy to use
Rail-to-rail output swing
Input voltage range extends 150 mV below ground
(single supply)
Low power, 550 pA maximum supply current
Gain set with one external resistor
Gain range: 1 to 1000
High accuracy dc performance
0.10% gain accuracy (G=1)
0.35% gain accuracy (G> 1)
Noise: 35 nV/vHz RTl noise at 1 kHz
Excellent dynamic specifications
800 kHz bandwidth (G=1)
20 ps settling time t0 0.01% (G =10)

APPLICATIONS

Low power medical instrumentation
Transducer interfaces
Thermocouple amplifiers

Industrial process controls
Difference amplifiers

Low power data acquisition

GENERAL DESCRIPTION

The AD623 is an integrated, single- or dual-supply instrumentation
amplifier that delivers rail-to-rail output swing using supply
voltages from 3 V to 12 V. The AD623 offers superior user
flexibility by allowing single gain set resistor programming and by
conforming to the 8-lead industry standard pinout configuration.
With no external resistor, the AD623 is configured for unity
gain (G = 1), and with an external resistor, the AD623 can be
programmed for gains of up to 1000.

The superior accuracy of the AD623 is the result of increasing
ac common-mode rejection ratio (CMRR) coincident with
increasing gain; line noise harmonics are rejected due to
constant CMRR up to 200 Hz. The AD623 has a wide input
common-mode range and amplifies signals with common-
mode voltages as low as 150 mV below ground. The AD623
maintains superior performance with dual and single polarity
power supplies.

Table 1. Low Power Upgrades for the AD623

Part No. Total Vs (V dc) Typical lq (pA)
AD8235 55 30

AD8236 55 33

AD8237 5.5 33

AD8226 36 350

AD8227 36 325

AD8420 36 85

AD8422 36 300

AD8426 36 325 (per channel)

FUNCTIONAL BLOCK DIAGRAM
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AD623

SPECIFICATIONS

SINGLE SUPPLY
Typical at 25°C, single supply, +Vs =5V, =Vs =0V, and Ri. = 10 k(, unless otherwise noted.
Table 2.
Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+ (100 k/Rc)
Gain Range 1 1000 1 1000 1 1000
Gain Error’ G1Vour=
0.05Vto35V
G>1Vour=
0.05Vto4.5V
G=1 0.03 0.10 0.03 0.10 0.03 0.05 %
G=10 0.10 0.35 0.10 0.35 0.10 0.35 %
G=100 0.10 0.35 0.10 0.35 0.10 0.35 %
G =1000 0.10 0.35 0.10 0.35 0.10 0.35 %
Nonlinearity G1Vour=
0.05Vto35V
G>1Vour=
0.05Vto45V

G=1to 1000 50 50 50 ppm

Gain vs. Temperature
G=1 5 10 5 10 5 10 ppm/°C
G>1' 50 50 50 ppm/°C

VOLTAGE OFFSET Total RTl error =
Vosi + Voso/G

Input Offset, Vosi 25 200 200 500 25 100 puv
Over Temperature 350 650 160 uv
Average Temperature 0.1 2 0.1 2 0.1 1 pv/°C

Coefficient (Tempco)

Output Offset, Voso 200 1000 500 2000 200 500 uv
Over Temperature 1500 2600 1100 uv
Average Tempco 25 10 25 10 25 10 pv/eC

Offset Referred to the
Input vs. Supply (PSR)

G=1 80 100 80 100 80 100 dB

G=10 100 120 100 120 100 120 dB

G=100 120 140 120 140 120 140 dB

G =1000 120 140 120 140 120 140 dB
INPUT CURRENT

Input Bias Current 17 25 17 25 17 25 nA
Over Temperature 27.5 27.5 27.5 nA
Average Tempco 25 25 25 pA/°C

Input Offset Current 025 2 025 2 025 2 nA
Over Temperature 2.5 2.5 2.5 nA
Average Tempco 5 5 5 pA/°C

INPUT

Input Impedance
Differential 2||2 2||2 2||2 GQ||pF
Common-Mode 2||2 2|2 2|2 GQ||pF

Input Voltage Range? Vs=3Vto 12V (=Vs) — (#Vs) = | (=Vs)— (#Vs) = | (=Vs)— (+Vs)— | V

0.15 1.5 0.15 1.5 0.15 1.5

Rev. E | Page 3 of 26
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Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
Common-Mode Rejection
at 60 Hz with 1 kQ
Source Imbalance
G=1 Vew=0Vto3V 70 80 70 80 77 86 dB
G=10 Vaw=0Vto3V 90 100 90 100 94 100 dB
G=100 Vaw=0Vto3V 105 110 105 110 105 110 dB
G =1000 Vew=0Vto3V 105 110 105 110 105 110 dB
OUTPUT
Output Swing Ri=10kQ 0.01 (+Vs)— | 0.01 (+Vs)— | 0.01 (+Ve)— | V
0.5 0.5 0.5
R.=100 kQ 0.01 (+Vs)— | 0.01 (+Vs)— | 0.01 (+Vs)— | V
0.15 0.15 0.15
DYNAMIC RESPONSE
Small Signal -3 dB BW
G=1 800 800 800 kHz
G=10 100 100 100 kHz
G=100 10 10 10 kHz
G=1000 2 2 2 kHz
Slew Rate 0.3 0.3 0.3 V/us
Settling Time t0 0.01% Vs=5V
G=1 Stepsize:3.5V 30 30 30 us
G=10 Step size: 4V, 20 20 20 us
Van=1.8V

" Does not include effects of external resistor, Re.

20ne input grounded. G=1.

Rev. E | Page 4 of 26
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DUAL SUPPLIES
Typical at 25°C dual supply, Vs = 5 V, and R = 10 k€, unless otherwise noted.
Table 3.
Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+(100k/Rq)
Gain Range 1 1000 1 1000 1 1000
Gain Error! G1Vour=
-48Vto+3.5V
G>1Vour=
0.05Vto45V
G=1 0.03 0.10 0.03 0.10 0.03 0.05 %
G=10 0.10 0.35 0.10 0.35 0.10 035 %
G=100 0.10 0.35 0.10 0.35 0.10 035 %
G =1000 0.10 0.35 0.10 0.35 0.10 0.35 %
Nonlinearity G1Vour=
—-48Vto+3.5V
G>1Vour=
—-48Vto+45V
G=11to0 1000 50 50 50 ppm
Gain vs. Temperature
G=1 5 10 5 10 5 10 ppm/°C
G>1' 50 50 50 ppm/°C
VOLTAGE OFFSET Total RTl error =
Vosi + Voso/G
Input Offset, Vosi 25 200 200 500 25 100 uv
Over Temperature 350 650 160 uv
Average Tempco 0.1 2 0.1 2 0.1 1 pv/eC
Output Offset, Voso 200 1000 500 2000 200 500 uv
Over Temperature 1500 2600 1100 uv
Average Tempco 25 10 25 10 25 10 pv/eC
Offset Referred to the
Input vs. Supply (PSR)
G=1 80 100 80 100 80 100 dB
G=10 100 120 100 120 100 120 dB
G=100 120 140 120 140 120 140 dB
G =1000 120 140 120 140 120 140 dB
INPUT CURRENT
Input Bias Current 17 25 17 25 17 25 nA
Over Temperature 27.5 27.5 27.5 nA
Average Tempco 25 25 25 pA/°C
Input Offset Current 025 2 025 2 025 2 nA
Over Temperature 2.5 25 2.5 nA
Average Tempco 5 5 5 pA/°C
INPUT
Input Impedance
Differential 2||2 2||2 2||2 GQ||pF
Common-Mode 2||2 2||2 2||2 GQ||pF
Input Voltage Range? Vs= (=Vs) - (#+Vs) - | (=Vs)— (+Vs) - | (=Vs) - (+Vs) - | V
+25Vto+6V 0.15 1.5 0.15 1.5 0.15 1.5

Rev. E | Page 5 of 26
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Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
Common-Mode Rejection
at 60 Hz with 1 kQ
Source Imbalance
G=1 Vem= 70 80 70 80 77 86 dB
+35Vto-5.15V
G=10 Vem= 90 100 90 100 94 100 dB
+35Vto-5.15V
G=100 Vem= 105 110 105 110 105 110 dB
+35Vto-5.15V
G=1000 Vem= 105 110 105 110 105 110 dB
+35Vto-5.15V
OUTPUT
Output Swing Ri=10kQ, (=Vs) + (+Vs) = | (Vs + (#Vs) = | (Vs + (+Vs)— | V
Vs=%5V 0.2 0.5 0.2 0.5 0.2 0.5
RL=100kQ (=Vs) + (+Vs) = | (V) + (#Vs) = | (V) + (+Ve)— | V
0.05 0.15 0.05 0.15 0.05 0.15
DYNAMIC RESPONSE
Small Signal =3 dB
Bandwidth
G=1 800 800 800 kHz
G=10 100 100 100 kHz
G=100 10 10 10 kHz
G=1000 2 2 2 kHz
Slew Rate 0.3 0.3 0.3 V/us
Settling Time to 0.01% Vs=%5V,5V step
G=1 30 30 30 us
G=10 20 20 20 Ms

" Does not include effects of external resistor, Re.

20ne input grounded. G=1.
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SPECIFICATIONS COMMON TO DUAL AND SINGLE SUPPLIES

Table 4.
Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max | Min Typ Max | Min Typ Max | Unit
NOISE
Voltage Noise, 1 kHz Total RTI noise =
(em')z + (zeno /G)Z
Input, Voltage Noise, eni 35 35 35 nV/AHz
Output, Voltage Noise, eno 50 50 50 nV/Hz
RTI, 0.1 Hzto 10 Hz
G=1 3.0 3.0 3.0 MV p-p
G=1000 15 15 15 wv p-p
Current Noise f=1kHz 100 100 100 fA/VHz
0.1Hzto 10 Hz 1.5 1.5 1.5 pPA p-p
REFERENCE INPUT
Rin 100 £ 100 £ 100+ kQ
20% 20% 20%
Iin Vint, Vrer =0V 50 60 50 60 50 60 MA
Voltage Range -Vs +Vs | —Vs +Vs | =Vs +Vs |V
Gain to Output 1+ 1+ 1+ \"
0.0002 0.0002 0.0002
POWER SUPPLY
Operating Range Dual supply +2.5 +6 +2.5 +6 +2.5 +6 \%
Single supply 2.7 12 2.7 12 27 12 \Y
Quiescent Current Dual supply 375 550 375 550 375 550 | pA
Single supply 305 480 305 480 305 480 | pA
Over Temperature 625 625 625 MA
TEMPERATURE RANGE
For Specified Performance -40 +85 | —40 +85 | —40 +85 | °C

Rev. E | Page 7 of 26



http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf

AD623

ABSOLUTE MAXIMUM RATINGS

Table 5.

Parameter Rating

Supply Voltage 12V

Internal Power Dissipation’ 650 mW
Differential Input Voltage +6V

Output Short-Circuit Duration Indefinite
Storage Temperature Range —65°Cto +125°C
Operating Temperature Range —40°C to +85°C
Lead Temperature (Soldering, 10 sec) 300°C

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

' Specification is for device in free air:
8-Lead PDIP Package: 8,a = 95°C/W
8-Lead SOIC Package: 6, = 155°C/W
8-Lead MSOP Package: 6, = 200°C/W

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features

patented or proprietary protection circuitry, damage
\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

ADG623

e [1]

-IN 2]
+IN E
Vg E

8] +Rg

+Vs

6] outpuT

5| REF

| —
TOP VIEW
(Not to Scale)

00778-001

Figure 2. AD623 Pin Configuration

Table 6. Pin Function Descriptions

Pin No. Mnemonic | Description

1 —Ra Inverting Terminal of External Gain-Setting Resistor, Re.

2 —-IN Inverting In-Amp Input.

3 +IN Noninverting In-Amp Input.

4 =Vs Negative Supply Terminal.

5 REF In-Amp Output Reference Input. The voltage input establishes the common-mode voltage of the output.
6 OUTPUT In-Amp Output.

7 +Vs Positive Supply Terminal.

8 +Re Noninverting Terminal of External Gain Setting Resistor, Ra.
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AD623

TYPICAL PERFORMANCE CHARACTERISTICS

At 25°C, Vs = 5 V, and R = 10 kQ), unless otherwise noted.
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UNITS

VOLTAGE NOISE SPECTRAL DENSITY (nVA Hz RTI)
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Figure 29. Large Signal Pulse Response and Settling Time,
G=-1(0.250mV =0.01%), C. = 100 pF
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Figure 30. Large Signal Pulse Response and Settling Time,
G=-10(0.250mV =0.01%), C. = 100 pF
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Figure 31. Large Signal Pulse Response and Settling Time,
G=100, C. =100 pF
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Figure 32. Large Signal Pulse Response and Settling Time,
G=-1000(5mV=0.01%), C.= 100 pF
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Figure 33. Small Signal Pulse Response, G=1, R. = 10 kQ, C, = 100 pF Figure 36. Small Signal Pulse Response, G = 1000, R. = 10 kQ, C, = 100 pF
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Figure 35. Small Signal Pulse Response, G = 100, R.= 10 kQ, C. = 100 pF
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Figure 38. Gain Nonlinearity, G =-10 (6 ppm/DIV)
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Figure 39. Gain Nonlinearity, G=—-100, 15 ppm/DIV
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AD623

THEORY OF OPERATION

The AD623 is an instrumentation amplifier based on a modified
classic 3-op-amp approach, to assure single- or dual-supply
operation even at common-mode voltages at the negative supply
rail. Low voltage offsets, input and output, as well as absolute
gain accuracy, and one external resistor to set the gain, make
the AD623 one of the most versatile instrumentation amplifiers
in its class.

The input signal is applied to PNP transistors acting as voltage
buffers and providing a common-mode signal to the input
amplifiers (see Figure 41). An absolute value 50 kQQ resistor in
each amplifier feedback assures gain programmability.

The differential output is

100 kQ
Vo=|1+ R Ve

G

The differential voltage is then converted to a single-ended
voltage using the output amplifier, which also rejects any
common-mode signal at the output of the input amplifiers.

Because the amplifiers can swing to either supply rail, as well as

have their common-mode range extended to below the negative

supply rail, the range over which the AD623 can operate is further
enhanced (see Figure 20 and Figure 21).

The output voltage at Pin 6 is measured with respect to the
potential at Pin 5. The impedance of the reference pin is 100 kQ);
therefore, in applications requiring voltage conversion, a small
resistor between Pin 5 and Pin 6 is all that is needed.

OTUPUT

00778-041

Figure 41. Simplified Schematic

Because of the voltage feedback topology of the internal op
amps, the bandwidth of the in-amp decreases with increasing
gain. At unity gain, the output amplifier limits the bandwidth.
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AD623

APPLICATIONS INFORMATION

BASIC CONNECTION

Figure 42 and Figure 43 show the basic connection circuits for
the AD623. The +Vs and — V' terminals are connected to the
power supply. The supply can be either bipolar (Vs = £2.5 V to
+6 V) or single supply (-Vs=0V, +Vs=3.0 Vto 12 V).
Capacitively decouple power supplies close to the power pins of
the device. For best results, use surface-mount 0.1 pF ceramic
chip capacitors and 10 pF electrolytic tantalum capacitors.

+VS
0.1pF 10pF

+2.5V TO +6V

Vour

REF (INPUT)

|
<
(%)
0778-042

2.5V TO -6V 5
Figure 42. Dual-Supply Basic Connection

+Vg
0.14F 10pF
+3V TO +12V

0—

G
Vin Re Vourt
0—

REF (INPUT)

00778-055

Figure 43. Single-Supply Basic Connection

Table 7. Required Values of Gain Resistors

The input voltage, which can be either single-ended (tie either
—IN or +IN to ground) or differential, is amplified by the
programmed gain. The output signal appears as the voltage
difference between the OUTPUT pin and the externally applied
voltage on the REF input. For a ground referenced output, REF
must be grounded.

GAIN SELECTION

The gain of the AD623 is programmed by the R resistor, or
more precisely, by whatever impedance appears between Pin 1
and Pin 8. The AD623 offers accurate gains using 0.1% to 1%
tolerance resistors. Table 7 shows the required values of Re for
the various gains. Note that for G = 1, the R¢ terminals are
unconnected (Rg = o). For any arbitrary gain, Rc can be
calculated by

R =100kQ/(G - 1)
REFERENCE TERMINAL

The reference terminal potential defines the zero output voltage
and is especially useful when the load does not share a precise
ground with the rest of the system. It provides a direct means of
injecting a precise offset to the output. The reference terminal is
also useful when bipolar signals are being amplified because it
can be used to provide a virtual ground voltage. The voltage on
the reference terminal can be varied from —Vs to +Vs.

Calculated Gain Using 1% Resistors

Desired Gain 1% Standard Table Value of R
2 100 kQ
5 249 kQ
10 11 kQ
20 5.23kQ
33 3.09kQ
40 2.55kQ
50 2.05kQ
65 1.58 kQ
100 1.02 kQ
200 499 Q)
500 200Q
1000 100 Q

2
5.02
10.09
20.12
33.36
40.21
49.78
64.29
99.04
2014
501
1001
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AD623

INPUT AND OUTPUT OFFSET VOLTAGE ERROR

The offset voltage (Vos) of the AD623 is attributed to two
sources: those originating in the two input stages where the in-
amp gain is established, and those originating in the subtractor
output stage. The output error is divided by the programmed
gain when referred to the input. In practice, the input errors
dominate at high gain settings, whereas the output error
prevails when the gain is set at or near unity.

The Vos error for any given gain is calculated as follows:

Total Error Referred to Input (RTI)
= Input Error + (Output Error/G)

Total Error Referred to Output (RTO)
= (Input Error x G) + Output Error

The RTT offset errors and noise voltages for different gains are
listed in Table 8.

INPUT PROTECTION

Internal supply-referenced clamping diodes allow the input,
reference, output, and gain terminals of the AD623 to safely
withstand overvoltages of 0.3 V above or below the supplies.
This overvoltage protection is true at all gain settings and when
cycling power on and off. Overvoltage protection is particularly
important because the signal source and amplifier may be
powered separately.

If the overvoltage is expected to exceed this value, the current
through these diodes must be limited to about 10 mA using
external current limiting resistors (see Figure 44). The size of
this resistor is defined by the supply voltage and the required
overvoltage protection.

+Vg

I =10mA MAX
V st
OVER O-MWA——]

Riim
Rg

Vover O-WA——
RLim

OUTPUT

_Vover Vs + 0.7V
Rum = 10mA

00778-043

-V s

Figure 44. Input Protection

Table 8. RTI Error Sources

RF INTERFERENCE

All instrumentation amplifiers can rectify high frequency out-
of-band signals. Once rectified, these signals appear as dc offset
errors at the output. The circuit in Figure 45 provides good RFI
suppression without reducing performance within the pass band of
the in-amp. Resistor R1 and Capacitor C1 (and likewise, R2 and
C2) form a low-pass RC filter that has a —3 dB bandwidth equal
to f=1/(2 n R1C1). Using the component values shown, this
filter has a —3 dB bandwidth of approximately 40 kHz. The R1
and R2 resistors were selected to be large enough to isolate the
input of the circuit from the capacitors, but not large enough to
significantly increase the noise of the circuit. To preserve common-
mode rejection in the pass band of the amplifier, the C1 and C2
capacitors must be 5% or better units, or low cost 20% units can
be tested and binned to provide closely matched devices.

+Vg
0.33pF 0.01pF

R1 c1 {'
4,02kQ 1000pF R
c2
1000pF ==
5%

l 0.33pF 0.01pF

+V,
NOTES: N
1. LOCATE C1TO C3 AS CLOSE TO THE INPUT PINS AS POSSIBLE.

Vour
REFERENCE

R2 c3
4.02kQ  0.047pF ]
1%
+IN O—wv

00778-044

Figure 45. Circuit to Attenuate RF Interference

Capacitor C3 is needed to maintain common-mode rejection at
low frequencies. R1/R2 and C1/C2 form a bridge circuit whose
output appears across the input pins of the in-amp. Any mismatch
between C1 and C2 unbalances the bridge and reduces the
common-mode rejection. C3 ensures that any RF signals are
common mode (the same on both in-amp inputs) and are not
applied differentially. This second low-pass network, R1 + R2 and
C3, has a -3 dB frequency equal to 1/(2n(R1 + R2)(C3)). Using
a C3 value of 0.047 pF, the —3 dB signal bandwidth of this circuit
is approximately 400 Hz. The typical dc offset shift over frequency
is less than 1.5 pV; and the RF signal rejection of the circuit is
better than 71 dB. The 3 dB signal bandwidth of this circuit can
be increased to 900 Hz by reducing R1 and R2 to 2.2 kQ). The
performance is similar to using 4 kQ resistors, except that the
circuitry preceding the in-amp must drive a lower impedance load.

Maximum Total Input Offset Error (uV) Maximum Total Input Offset Drift (uV/°C) | Total Input Referred Noise (nV/vHz)
Gain | AD623A AD623B AD623A AD623B AD623A AD623B
1 1200 600 12 11 62 62
2 700 350 7 6 45 45
5 400 200 4 3 38 38
10 300 150 3 2 35 35
20 250 125 25 1.5 35 35
50 220 110 2.2 1.2 35 35
100 210 105 2.1 1.1 35 35
1000 | 200 100 2 1 35 35
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AD623

The circuit in Figure 45 must be built using a printed circuit
board (PCB) with a ground plane on both sides. All component
leads must be as short as possible. The R1 and R2 resistors can
be common 1% metal film units; however, the C1 and C2
capacitors must be +5% tolerance devices to avoid degrading
the common-mode rejection of the circuit. Either the
traditional 5% silver mica units or Panasonic +2% PPS film
capacitors are recommended.

In many applications, shielded cables are used to minimize noise;
for best CMR over frequency, the shield must be properly driven.
Figure 46 shows an active guard driver that is configured to
improve ac common-mode rejection by bootstrapping the
capacitances of input cable shields, thus minimizing the
capacitance mismatch between the inputs.

+Vg
—IN
2) —
Re Q1 -
100Q - 2
VWA AD8031 AD623 6 OUTPUT
Rg
+ > s 5
D+ (3 REF
+IN
Vs £

Figure 46. Common-Mode Shield Driver

GROUNDING

Because the AD623 output voltage is developed with respect
to the potential on the reference terminal, many grounding
problems can be solved by simply tying the REF pin to the
appropriate local ground. The REF pin must, however, be tied
to a low impedance point for optimal CMR.

The use of ground planes is recommended to minimize the
impedance of ground returns (and hence the size of dc errors).
To isolate low level analog signals from a noisy digital environment,
many data acquisition components have separate analog and digital
ground returns (see Figure 47). All ground pins from mixed signal
components, such as analog-to-digital converters (ADCs), must
be returned through the high quality analog ground plane.
Maximum isolation between analog and digital is achieved by
connecting the ground planes back at the supplies. The digital
return currents from the ADC that flow in the analog ground
plane, in general, have a negligible effect on noise performance.

If there is only a single power supply available, it must be shared
by both digital and analog circuitry. Figure 48 shows how to
minimize interference between the digital and analog circuitry.
As in the previous case, use separate analog and digital ground
planes (reasonably thick traces can be used as an alternative to a
digital ground plane). These ground planes must be connected at
the ground pin of the power supply. Run separate traces from the
power supply to the supply pins of the digital and analog circuits.
Ideally, each device has its own power supply trace, but these can
be shared by a number of devices, as long as a single trace is not
used to route current to both digital and analog circuitry.

+5V

0.1uF 0.1puF

ANALOG POWER SUPPLY

-5V
O

DIGITAL POWER SUPPLY
GND +5V

GND

AGND

Vop
MICROPROCESSOR

00778-046

Figure 47. Optimal Grounding Practice for a Bipolar Supply Environment with Separate Analog and Digital Supplies

AD7892-2

AGND

Vop
MICROPROCESSOR

ADC

00778-047

Figure 48. Optimal Ground Practice in a Single-Supply Environment
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Ground Returns for Input Bias Currents

Input bias currents are those dc currents that must flow to bias
the input transistors of an amplifier. These are usually transistor
base currents. When amplifying floating input sources, such as
transformers or ac-coupled sources, there must be a direct dc
path into each input so that the bias current can flow. Figure 49,
Figure 50, and Figure 51 show how a bias current path can be
provided for the cases of transformer coupling, thermocouple,
and capacitive ac coupling. In dc-coupled resistive bridge
applications, providing this path is generally not necessary
because the bias current simply flows from the bridge supply
through the bridge into the amplifier. However, if the impedances
that the two inputs see are large and differ by a large amount
(>10 kQ), the offset current of the input stage causes dc errors
proportional with the input offset voltage of the amplifier.

p——O OUTPUT

TO POWER
> » SUPPLY
GROUND

00778-048

Figure 49. Ground Returns for Bias Currents with Transformer-Coupled Inputs

——O OTUPUT

) TO POWER
(4 hd » SUPPLY
GROUND

Figure 50. Ground Returns for Bias Currents with Thermocouple Input:

i 00778-049

e

——O OUTPUT

100kQ $ < 100kQ

)y TO POWER
14 hd > SUPPLY
GROUND

00778-050

Figure 51. Ground Returns for Bias Currents with AC-Coupled Inputs

Output Buffering

The AD623 is designed to drive loads of 10 kQ) or greater. If the
load is less than this value, the output of the AD623 must be
buffered with a precision single-supply op amp, such as the
OP113. This op amp can swing from 0 V to 4 V on its output
while driving a load as small as 600 Q2. Table 9 summarizes the
performance of some buffer op amps.

00778-051

Figure 52. Output Buffering

Table 9. Buffering Options

Op Amp | Description

OP113 Single-supply, high output current
OP191 Rail-to-rail input and output, low supply current

Single-Supply Data Acquisition System

Interfacing bipolar signals to single-supply ADCs presents a
challenge. The bipolar signal must be mapped into the input
range of the ADC. Figure 53 shows how this translation can be
achieved.

5v
M 0.1uF
bR AD7776
£10mV | 102k0 AN
\
¢ REFERENCE
REFOUT
REFIN

00778-052

v

Figure 53. A Single-Supply Data Acquisition System

The bridge circuit is excited by a 5 V supply. The full-scale output
voltage from the bridge (+10 mV) therefore has a common-mode
level of 2.5 V. The AD623 removes the common-mode component
and amplifies the input signal by a factor of 100 (Rean = 1.02 kQ),
which results in an output signal of +1 V. To prevent this signal
from running into the ground rail of the AD623, the voltage on
the REF pin must be raised to at least 1 V. In this example, the 2 V
reference voltage from the AD7776 ADC biases the output voltage
of the AD623 to 2 V + 1V, which corresponds to the input range
of the ADC.

Rev. E | Page 21 of 26



http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/OP113
http://www.analog.com/OP113?doc=AD623.pdf
http://www.analog.com/OP191?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf

AD623

Amplifying Signals with Low Common-Mode Voltage

Because the common-mode input range of the AD623 extends
0.1 V below ground, it is possible to measure small differential
signals which have low or no common-mode component.
Figure 54 shows a thermocouple application where one side of
the J-type thermocouple is grounded.

(\—
J-TYPE Rg
THERMOCOUPLE 1.02kQ
))

[$$

OUTPUT

2V

00778-053

Figure 54. Amplifying Bipolar Signals with Low Common-Mode Voltage

Opver a temperature range of —200°C to +200°C, the J-type thermo-
couple delivers a voltage ranging from —7.890 mV to +10.777 mV.
A programmed gain on the AD623 of 100 (R¢ = 1.02 kQ) and a

voltage on the REF pin of 2 V result in the output voltage ranging
from 1.110 V to 3.077 V relative to ground.

INPUT DIFFERENTIAL AND COMMON-MODE
RANGE vs. SUPPLY AND GAIN

Figure 55 shows a simplified block diagram of the AD623. The
voltages at the outputs of Amplifier A1 and Amplifier A2 are
given by
Vaz= Vem + Vorr/2 + 0.6 V + Vorr X Re/Re
=Vem+ 0.6 V + Ve x Gain/2

Var=Vem — Vorr/2 + 0.6 V + Ve X Re/Rg
=Vem+ 0.6 V- Ve X Gain/2

|<
NI
T
m
aY
N\

00778-055

Vg

Figure 55. Simplified Block Diagram

The voltages on these internal nodes are critical in determining
whether the output voltage is clipped. The Va, and V. voltages
can swing from approximately 10 mV above the negative supply
(V- or ground) to within approximately 100 mV of the positive
rail before clipping occurs. Based on this and from the previous

equations, the maximum and minimum input common-mode
voltages are given by the following equations:

Vesmax = V+ — 0.7 V — Vorr X Gain/2
Veumin = V—=—10.590 V + Vpirr X Gain/2

These equations can be rearranged to give the maximum possible
differential voltage (positive or negative) for a particular common-
mode voltage, gain, and power supply. Because the signals on
Al and A2 can clip on either rail, the maximum differential
voltage is the lesser of the two equations.

| Voireaax| = 2 (V+ = 0.7 V = Vew)/Gain
| Voiremax| = 2 (Vem — V= 40.590 V)/Gain

However, the range on the differential input voltage range is
also constrained by the output swing. Therefore, the range of
Vs may need to be lower according the following equation:

Input Range < Available Output Swing/Gain

For a bipolar input voltage with a common-mode voltage that is
roughly half way between the rails, Vomrevax is half the value that
the previous equations yield because the REF pin is at midsupply.
Note that the available output swing is given for different supply
conditions in the Specifications section.

The equations can be rearranged to give the maximum gain for
a fixed set of input conditions. The maximum gain is the lesser
of the two equations.

Gainyax =2 (V+ - 0.7V = Vem)! Vo
Gainmax =2 (Veu — V= +0.590 V)/ Vpirr

Again, it is recommended that the resulting gain times the input
range is less than the available output swing. If this is not the case,
the maximum gain is given by

Gainmax = Available Output Swing/Input Range

Also for bipolar inputs (that is, input range = 2 Vo), the
maximum gain is half the value yielded by the previous equations
because the REF pin must be at midsupply.

The maximum gain and resulting output swing for different input
conditions is given in Table 10. Output voltages are referenced to
the voltage on the REF pin.

For the purposes of computation, it is necessary to break down the
input voltage into its differential and common-mode components.
Therefore, when one of the inputs is grounded or at a fixed
voltage, the common-mode voltage changes as the differential
voltage changes. Take the case of the thermocouple amplifier in
Figure 54. The inverting input on the AD623 is grounded;
therefore, when the input voltage is —10 mV, the voltage on the
noninverting input is —10 mV. For the purpose of the signal
swing calculations, this input voltage must be composed of a
common-mode voltage of -5 mV (that is, (+IN + —IN)/2) and
a differential input voltage of —10 mV (that is, +IN — —IN).
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AD623

Table 10. Maximum Attainable Gain and Resulting Output Swing for Different Input Conditions

Closest 1%

Vem Voire REF Pin Supply Voltages Maximum Gain | Gain Resistor Resulting Gain Output Swing
ov +10 mV 25V +5V 118 866 O 116 +1.2V
ov +100 mV 25V +5V 11.8 9.31 kQ 11.7 +1.1V
oV +10mV oV 5V 490 205Q 488 +4.8V
ov +100 mV oV 5V 49 2.1kQ 48.61 +4.8V
ov 1V ov 5V 4.9 26.1kQ 4.83 +4.8V
25V +10mV 25V +5V 242 422 Q 238 +23V
25V +100 mV 25V +5V 24.2 4.32kQ 241 +24V
25V +1V 25V +5V 242 71.5kQ 24 24V
1.5V +10 mV 1.5V +3V 142 715Q 141 14V
1.5V +100 mV 1.5V +3V 14.2 7.68 kQ 14 +1.4V
oV +10mV 1.5V +3V 118 866 O 116 1.1V
ov +100 mV 1.5V +3V 11.8 9.31kQ 11.74 +1.1V

ADDITIONAL INFORMATION

For an updated design of the AD623, see the AD8223.

For a selection guide to all Analog Devices instrumentation
amplifiers, see the Instrumentation Amplifiers page on the

Analog Devices website at www.analog.com.

For additional information on in-amps, refer to the following:

MT-061. Instrumentation Amplifier (In-Amp) Basics.

Analog Devices, Inc.

MT-070. In-Amp Input RFI Protection. Analog Devices, Inc.

Counts, Lew and Charles Kitchen. A Designer's Guide to Instru-
mentation Amplifiers. 3rd edition. Analog Devices, Inc., 2006.
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AD623

EVALUATION BOARD

GENERAL DESCRIPTION

The EVAL-INAMP-62RZ can be used to evaluate the AD620,
ADG621, AD622, AD623, AD627, AD8223, and AD8225
instrumentation amplifiers. In addition to the basic in-amp
connection, circuit options enable the user to adjust the offset
voltage, apply an output reference, or provide shield drivers
with user supplied components. The board is shipped with an
assortment of instrumentation amplifier ICs in the legacy SOIC
pinout, such as the AD620, AD621, AD622, AD623, AD8223,
and AD8225. The board also has an alternative footprint for a
through-hole, 8-lead PDIP.

Figure 56 shows a photograph of the evaluation boards for all
Analog Devices instrumentation amplifiers. For additional
information, see the EVAL-INAMP user guide (UG-261).
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OUTLINE DIMENSIONS
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(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS.

Figure 57. 8-Lead Plastic Dual In-Line Package [PDIP]
Narrow Body (N-8)
Dimensions shown in inches and (millimeters)
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(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 58. 8-Lead Standard Small Outline Package [SOIC_N]
Narrow Body (R-8)
Dimensions shown in millimeters and (inches)

012407-A

Rev. E | Page 25 of 26




AD623

il

wiw
ol
olo
|
|
alel
©
alo

27 | 6!
2.80 O A
PIN 1 I:I | s
IDENTIFIER —
-
0.65 BSC
0.95 15° MAX
0.85 1.10 MAX -1/~
oS =N
L 0.80
015§ 0.40 e T L0 ~| 085
0.05 o o 109 040
COPLANARITY - '
0.10

10-07-2009-B

COMPLIANT TO JEDEC STANDARDS MO-187-AA
Figure 59. 8-Lead Mini Small Outline Package [MSOP]
(RM-8)

Dimensions shown in millimeters

ORDERING GUIDE

Temperature Package
Model’ Range Package Description Option Branding
AD623ANZ —40°C to +85°C | 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD623AR —40°C to +85°C | 8-Lead Standard Small Outline Package [SOIC_N] R-8
AD623AR-REEL7 —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD623ARZ —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N] R-8
AD623ARZ-R7 —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD623ARZ-RL —40°Cto +85°C | 8-Lead SOIC, 13" Tape and Reel R-8
AD623ARMZ —40°Cto +85°C | 8-Lead Mini Small Outline Package [MSOP] RM-8 JOA
AD623ARMZ-REEL —40°Cto +85°C | 8-Lead Mini Small Outline Package [MSOP], 13" Tape and Reel RM-8 JOA
AD623ARMZ-REEL7 —40°C to +85°C | 8-Lead Mini Small Outline Package [MSOP], 7" Tape and Reel RM-8 JOA
AD623BNZ —40°C to +85°C | 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD623BRZ —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N] R-8
AD623BRZ-R7 —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD623BRZ-RL —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 13" Tape and Reel R-8

EVAL-INAMP-62RZ

Evaluation Board

' Z = RoHS Compliant Part.

©1997-2016 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
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Arduino Nano Pin Layout
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17 3v3 Output +3.3V output (from FTDI)
18 AREF Input ADC reference
19-26 A7-A0 Input Analog input channel 0 to 7
27 +5V Output or | +5V output (from on-board regulator) or
Input +5V (input from external power supply)
30 VIN PWR Supply voltage




Arduino Nano Mechanical Drawing
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Arduino Nano Bill of Material

Item Number Qty. Ref. Dest. Description Mfg. P/N MFG Vendc
Capacitor, 0.1uF 50V 10%
1 5 C1,C3,C4,C7,C9 | Ceramic X7R 0805 C0805C104K5RACTU Kemet 80-C080"
Capacitor, 4.7uF 10V 10%
2 3 C2,C8,C10 Tantalum Case A T491A475K010AT Kemet 80-T491/
Capacitor, 18pF 50V 5%
3 2 C5,C6 Ceramic NOP/COG 0805 C0805C180J5GACTU Kemet 80-C080!
4 1 D1 Diode, Schottky 0.5A 20V MBR0O520LT1G ONSemi 863-MBR
5 J1,)2 Headers, 36PS 1 Row 68000-136HLF FCI 649-6800
Connector, Mini-B Recept
1 14 Rt. Angle 67503-1020 Molex 538-675
1 J5 Headers, 72PS 2 Rows 67996-272HLF FCI 649-6799
LED, Super Bright RED
100mcd 640nm 120degree
8 1 LD1 0805 APT2012SRCPRV Kingbright 604-APT2(
LED, Super Bright GREEN
50mcd 570nm 110degree
9 1 LD2 0805 APHCM2012CGCK-FO1 | Kingbright | 604-APHCN
LED, Super Bright ORANGE
160mcd 601nm 110degree
10 1 LD3 0805 APHCMZ2012SECK-FO1 | Kingbright 04-APHCWNV
LED, Super Bright BLUE
80mcd 470nm 110degree
11 1 LD4 0805 LTST-C170TBKT Lite-On Inc 160-15’
Resistor Pack, 1K +/-5%
12 1 R1 62.5mW 4RES SMD YC164-JR-071KL Yageo YC164J-1
Resistor Pack, 680 +/-5%
13 1 R2 62.5mW 4RES SMD YC164-JR-07680RL Yageo YC164J-€
Switch, Momentary Tact
14 1 SwW1i SPST 150gf 3.0x2.5mm B3U-1000P Omron SW102
IC, Microcontroller RISC
16kB Flash, 0.5kB EEPROM,
15 1 Ul 23 1/0 Pins ATmegal68-20AU Atmel 556-ATMEC
IC, USB to SERIAL UART 28
16 1 u2 Pins SSOP FT232RL FTDI 895-F1
IC, Voltage regulator 5V,
17 1 u3 500mA SOT-223 UA78MO05CDCYRG3 Tl 595-UA78M
Cystal, 16MHz +/-20ppm
18 1 Y1 HC-49/US Low Profile ABL-16.000MHZ-B2 Abracon 815-AB
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HC Serial Bluetooth Products

User Instructional Manual

1 Introduction

HC serial Bluetooth products consist of Bluetooth serial interface module and Bluetooth adapter, such
as:
(1) Bluetooth serial interface module:
Industrial level:  HC-03, HC-04(HC-04-M, HC-04-S)
Civil level: HC-05, HC-06(HC-06-M, HC-06-S)
HC-05-D, HC-06-D (with baseboard, for test and evaluation)

(2) Bluetooth adapter:
HC-M4
HC-M6

This document mainly introduces Bluetooth serial module. Bluetooth serial module is used for
converting serial port to Bluetooth. These modules have two modes: master and slaver device. The
device named after even number is defined to be master or slaver when out of factory and can’t be
changed to the other mode. But for the device named after odd number, users can set the work mode
(master or slaver) of the device by AT commands.

HC-04 specifically includes:
Master device: HC-04-M, M=master
Slave device: HC-04-S, S=slaver

The default situation of HC-04 is slave mode. If you need master mode, please state it clearly or
place an order for HC-O4-M directly. The naming rule of HC-06 is same.

When HC-03 and HC-05 are out of factory, one part of parameters are set for activating the device.
The work mode is not set, since user can set the mode of HC-03, HC-05 as they want.

The main function of Bluetooth serial module is replacing the serial port line, such as:

1. There are two MCUs want to communicate with each other. One connects to Bluetooth master
device while the other one connects to slave device. Their connection can be built once the pair is made.

This Bluetooth connection is equivalently liked to a serial port line connection including RXD, TXD



signals. And they can use the Bluetooth serial module to communicate with each other.

2. When MCU has Bluetooth salve module, it can communicate with Bluetooth adapter of
computers and smart phones. Then there is a virtual communicable serial port line between MCU and
computer or smart phone.

3. The Bluetooth devices in the market mostly are salve devices, such as Bluetooth printer,
Bluetooth GPS. So, we can use master module to make pair and communicate with them.

Bluetooth Serial module’s operation doesn’t need drive, and can communicate with the other
Bluetooth device who has the serial. But communication between two Bluetooth modules requires at
least two conditions:

(1) The communication must be between master and slave.
(2) The password must be correct.

However, the two conditions are not sufficient conditions. There are also some other conditions
basing on different device model. Detailed information is provided in the following chapters.

In the following chapters, we will repeatedly refer to Linvor’s (Formerly known as Guangzhou HC

Information Technology Co., Ltd.) material and photos.

2 Selection of the Module

The Bluetooth serial module named even number is compatible with each other; The salve module
is also compatible with each other. In other word, the function of HC-04 and HC-06, HC-03 and HC-05
are mutually compatible with each other. HC-04 and HC-06 are former version that user can’t reset the
work mode (master or slave). And only a few AT commands and functions can be used, like reset the
name of Bluetooth (only the slaver), reset the password, reset the baud rate and check the version
number. The command set of HC-03 and HC-05 are more flexible than HC-04 and HC-06’s. Generally,
the Bluetooth of HC-03/HC-05 is recommended for the user.

Here are the main factory parameters of HC-05 and HC-06. Pay attention to the differences:

HC-05 HC-06
Master and slave mode can be switched Master and slave mode can’t be switched
Bluetooth name: HC-05 Bluetooth name: linvor

Password:1234 Password:1234




Master role: have no function to remember the last
paired salve device. It can be made paired to any
slave device. In other words, just set
AT+CMODE=1 when out of factory. If you want
HC-05 to remember the last paired slave device
address like HC-06, you can set AT+CMODE=0
after paired with the other device. Please refer the

command set of HC-05 for the details.

Master role: have paired memory to remember
last slave device and only make pair with that
device unless KEY (PIN26) is triggered by high

level. The default connected PIN26 is low level.

Pairing: The master device can not only make pair

with the specified Bluetooth address, like
cell-phone, computer adapter, slave device, but
also can search and make pair with the slave
device automatically.

Typical method: On some specific conditions,
master device and slave device can make pair with
each other automatically. (This is the default

method.)

Pairing: Master device search and make pair with
the slave device automatically.

Typical method: On some specific conditions,
master and slave device can make pair with each

other automatically.

Multi-device communication: There is only point
to point communication for modules, but the

adapter can communicate with multi-modules.

Multi-device communication: There is only point
to point communication for modules, but the

adapter can communicate with multi-modules.

AT Mode 1: After power on, it can enter the AT
mode by triggering PIN34 with high level. Then
the baud rate for setting AT command is equal to
the baud rate in communication, for example:
9600.

AT mode 2: First set the PIN34 as high level, or
while on powering the module set the PIN34 to be
high level, the Baud rate used here is 38400 bps.

Notice: All AT commands can be operated only

AT Mode: Before paired, it is at the AT mode.

After paired it’s at transparent communication.




when the PIN34 is at high level. Only part of the
AT commands can be used if PIN34 doesn’t keep
the high level after entering to the AT mode.
Through this kind of designing, set permissions for
the module is left to the user’s external control
circuit, that makes the application of HC-05 is very

flexible.

During the process of communication, the module
can enter to AT mode by setting PIN34 to be high
level. By releasing PIN34, the module can go back
to communication mode in which user can inquire
some information dynamically. For example, to

inquire the pairing is finished or not.

During the communication mode, the module

can’t enter to the AT mode.

Default communication baud rate: 9600,

4800-1.3M are settable.

Default communication baud rate: 9600,

1200-1.3M are settable.

KEY: PIN34, for entering to the AT mode.

KEY: PIN26, for master abandons memory.

LED1: PIN31, indicator of Bluetooth mode. Slow
flicker (1Hz) represents entering to the AT mode2,
while fast flicker(2Hz) represents entering to the
AT model or during the communication pairing.
Double flicker per second represents pairing is
finished, the module is communicable.

LED2: PIN32, before pairing is at low level, after
the pairing is at high level.

The using method of master and slaver’s indicator
IS the same.

Notice: The PIN of LED1 and LED?2 are connected
with LED+.

LED: The flicker frequency of slave device is
102ms. If master device already has the memory
of slave device, the flicker frequency during the
pairing is 110ms/s. If not, or master has emptied
the memory, then the flicker frequency is 750m/s.
After pairing, no matter it’s a master or slave
device, the LED PIN is at high level.

Notice: The LED PIN connects to LED+ PIN.

Consumption: During the pairing, the current is

Consumption: During the pairing, the current is




fluctuant in the range of 30-40mA. The mean
current is about 25mA. After paring, no matter
processing communication or not, the current is
8mA. There is no sleep mode. This parameter is

same for all the Bluetooth modules.

fluctuant in the range of 30-40 m. The mean
current is about 25mA. After paring, no matter
processing communication or not, the current is
8mA. There is no sleep mode. This parameter is

same for all the Bluetooth modules.

Reset: PIN11, active if it’s input low level. It can

be suspended in using.

Reset: PIN11, active if it’s input low level. It can

be suspended in using.

Level: Civil

Level: Civil

The table above that includes main parameters of two serial modules is a reference for user

selection.

HC-03/HC-05 serial product is recommended.

3. Information of Package

The PIN definitions of HC-03, HC-04, HC-05 and HC-06 are kind of different, but the package size

is the same: 28mm * 15mm * 2.35mm.

The following figure 1 is a picture of HC-06 and its main PINs. Figure 2 is a picture of HC-05 and

its main PINs. Figure 3 is a comparative picture with one coin. Figure 4 is their package size information.

When user designs the circuit, you can visit the website of Guangzhou HC Information Technology Co.,

Ltd. (www.wavesen.com) to download the package library of protle version.

Figurel  HC-06

Figure 2 HC-05




Figure 3 Comparative picture with one coin

Figure 4 Package size information



4. The Using and Testing Method of HC-06 for the First Time
This chapter will introduce the using method of HC-06 in detail. User can test the module
according to this chapter when he or she uses the module at the first time.

PINs description:

PIN1 UART_TXD , TTL/CMOS level, UART Data output
PIN2 UART_RXD, TTL/COMS level, s UART Data input
RESET, the reset PIN of module, inputting low level can reset the module,
PNt when the module is in using, this PIN can connect to air.
VCC, voltage supply for logic, the standard voltage is 3.3V, and can work
PNtz at 3.0-4.2Vv
PIN13 | GND
PIN22 | GND
LED, working mode indicator
Slave device: Before paired, this PIN outputs the period of 102ms square
wave. After paired, this PIN outputs high level.
Master device: On the condition of having no memory of pairing with a
PNz slave device, this PIN outputs the period of 110ms square wave. On the
condition of having the memory of pairing with a slave device, this PIN
outputs the period of 750ms square wave. After paired, this PIN outputs
high level.
For master device, this PIN is used for emptying information about
pairing. After emptying, master device will search slaver randomly, then
PINzo remember the address of the new got slave device. In the next power on,
master device will only search this address.




(1) The circuit 1 (connect the module to 3.3V serial port of MCU) is showed by figure 5.

Figure 5 The circuit 1

In principle, HC-06 can work when UART_TXD, UART_RXD, VCC and GND are connected.
However, for better testing results, connecting LED and KEY are recommended (when testing the
master).

Where, the 3.3V TXD of MCU connects to HC-06’s UART_RXD, the 3.3V RXD of MCU connects
to HC-06’s UART_TXD, and 3.3V power and GND should be connected. Then the minimum system is
finished.

Note that, the PIN2:UART_RXD of Bluetooth module has no pull-up resistor. If the MCU TXD
doesn’t have pull-up function, then user should add a pull-up resistor to the UART_RXD. It may be easy
to be ignored.

If there are two MCU which connect to master and slave device respectively, then before
paired(LED will flicker) user can send AT commands by serial port when the system is power on. Please
refer to HC-04 and HC-06’s data sheet for detailed commands. In the last chapter, the command set will
be introduced. Please pay attention to that the command of HC-04/HC-06 doesn’t have terminator. For
example, consider the call command, sending out AT is already enough, need not add the CRLF
(carriage return line feed).

If the LED is constant lighting, it indicates the pairing is finished. The two MCUs can communicate

with each other by serial port. User can think there is a serial port line between two MCUs.



(2) The circuit 2 (connect the module to 5V serial port of MCU) is showed by figure 6.
Figure 6 is the block diagram of Bluetooth baseboard. This kind of circuit can amplify Bluetooth
module’s operating voltage to 3.1-6.5V. In this diagram, the J1 port can not only be connected with

MCU system of 3.3V and 5V, but also can be connected with computer serial port.

Figure 6 The circuit 2

(3) AT command test

Before paired, the mode of HC-04 and HC-06 are AT mode.
On the condition of 9600N81, OK will be received when user send the two letters AT. Please refer to the
last chapter of datasheet for other commands of HC-06. Please pay attention to that sending out AT is
already enough, need not add the CRLF (carriage return line feed).

The command set of Version V1.4 doesn’t include parity. The version V1.5 and its later version
have parity function. Moreover, there are three more commands of V1.5 than VV1.4. They are:

No parity (default) AT+PN



Odd parity AT+PO
Even parity AT+PE
Do not let the sending frequency of AT command of HC-06 exceed 1Hz, because the command of

HC-06 end or not is determined by the time interval.

(4) Pairing with adapter

User can refer to the download center of the company’s website for “The Introduction of IVT” that
introduces the Bluetooth module makes pair with computer adapter. That document taking HC-06-D for
example introduces how the serial module makes pair with the adapter. That method is like to make pair
with cell-phone. But the difference is that cell-phone need a third-party communication software to help.
It’s liked the kind of PC serial helper of and the hyper terminal. A software named “PDA serial helper”
provided by our company is suitable for WM system. It has been proven that this serial module is

supported by many smart phone systems’ Bluetooth, such as, sybian, android, windows mobile and etc.

(5) Pairing introduction

HC-06 master device has no memory before the first use. If the password is correct, the mater
device will make pair with the slave device automatically in the first use. In the following use, the
master device will remember the Bluetooth address of the last paired device and search it. The searching
won’t stop until the device is found. If master device’s PIN26 is input high level, the device will lose the
memory. In that occasion, it’ll search the proper slave device like the first use. Based on this function,

the master device can be set to make pair with the specified address or any address by user.

(6) Reset new password introduction

User can set a new password for the HC-06 through AT+PINxxxx command. But the new password
will become active after discharged all the energy of the module. If the module still has any energy, the
old one is still active. In the test, for discharging all the system energy and activating the new password,
we can connect the power supply PIN with GND about 20 seconds after the power is cut off. Generally,
shutting down the device for 30 minutes also can discharge the energy, if there is no peripheral circuit

helps discharge energy. User should make the proper way according to the specific situation.



(7) Name introduction

If the device has no name, it’s better that user doesn’t try to change the master device name. The

name should be limited in 20 characters.

Summary: The character of HC-06: 1 not many command 2 easy for application 3 low price. It’s

good for some specific application. HC-04 is very similar with HC-06. Their only one difference is

HC-04 is for industry, HC-06 is for civil. Except this, they don’t have difference.

The following reference about HC-04 and HC-06 can be downloaded from company website

Wwww.wavesen.com:

HC-06 datasheet .pdf (the command set introduction is included)
HC-04 datasheet .pdf (the command set introduction is included)
IVT BlueSoleil-2.6 (IVT Bluetooth drive test version)

Bluetooth FAQ.pdf

HC-04-D(HD-06-D)datasheet(English).pdf

HC-06-AT command software (test version) (some commands in V1.5 is not supported by VV1.4)

PCB package of Bluetooth key modules (PCB package lib in protel)

IVT software manual.pdf (introduce how to operate the modern and make pair

with Bluetooth module)

PDA serial test helper.exe (serial helper used for WM system)

5 manual for the first use of HC-05

This chapter will introduce how to test and use the HC-05 if it’s the first time for user to operate it.

(1) PINs description

PIN1 UART_TXD, Bluetooth serial signal sending PIN, can connect with MCU’s RXD PIN
UART_RXD, Bluetooth serial signal receiving PIN, can connect with the MCU’s TXD PIN,

PIN2 there is no pull-up resistor in this PIN. But It needs to be added an eternal pull-up resistor.
RESET, the reset PIN of module, inputting low level can reset the module, when the module

PN IS in using, this PIN can connect to air.

PIN12 | VCC, voltage supply for logic, the standard voltage is 3.3V, and can work at 3.0-4.2V

PIN13

GND




PIN31

LED1, indicator of work mode. Has 3 modes:

When the module is supplied power and PIN34 is input high level, PIN31 output 1Hz square
wave to make the LED flicker slowly. It indicates that the module is at the AT mode, and the
baud rate is 38400;

When the module is supplied power and PIN34 is input low level, PIN31 output 2Hz square
wave to make the LED flicker quickly. It indicates the module is at the pairable mode. If
PIN34 is input high level, then the module will enter to AT mode, but the output of PIN31 is
still 2Hz square wave.

After the pairing, PIN31 output 2Hz square ware.

Note: if PIN34 keep high level, all the commands in the AT command set can be in
application. Otherwise, if just excite PIN34 with high level but not keep, only some command

can be used. More information has provided at chapter 2.

PIN32

Output terminal. Before paired, it output low level. Once the pair is finished, it output high

level.

PIN34

Mode switch input. If it is input low level, the module is at paired or communication mode. If
it’s input high level, the module will enter to AT mode. Even though the module is at
communication, the module can enter to the AT mode if PIN34 is input high level. Then it will

go back to the communication mode if PIN34 is input low level again.

(2) Application circuit 1 (connect to the 3.3V system)

Figure 7 Application 1




(3) Application circuit 2 (connect to 5V serial system or PC serial)

Figure 8 Application circuit 2

(4) AT command test
This chapter introduces some common commands in use. The detail introduction about HC-05
command is in HC-0305 AT command set.
Enter to AT mode:
Way1: Supply power to module and input high level to PIN34 at the same time, the module will enter to
AT mode with the baud rate-38400.
Way?2: In the first step, supply power to module; In the second step, input high level to PIN34. Then the
module will enter to AT mode with the baud rate-9600. Way1 is recommended.

Command structure: all command should end up with “\r\n”” (Hex: 0X0D XO0A) as the terminator. If



the serial helper is installed, user just need enter “ENTER” key at the end of command.

Reset the master-slave role command:
AT+ROLE=0 ----Set the module to be salve mode. The default mode is salve.

AT+ROLE=1 ----Set the module to be master mode.

Set memory command:
AT+CMODE=1

Set the module to make pair with the other random Bluetooth module (Not specified address). The
default is this mode.
AT+CMODE=1

Set the module to make pair with the other Bluetooth module (specified address). If set the module
to make pair with random one first, then set the module to make pair with the Bluetooth module has

specified address. Then the module will search the last paired module until the module is found.

Reset the password command
AT+PSWD=XXXX

Set the module pair password. The password must be 4-bits.

Reset the baud rate

AT+UART== <Param>,<Param2>,<Param3>.

More information is provided at HC-0305 command set
Example:

AT+UART=9600,0,0  ----set the baud rate to be 9600N81
Reset the Bluetooth name

AT+NAME=XXXXX

Summary:
HC-05 has many functions and covers all functions of HC-06. The above commands are the most

common ones. Besides this, HC-05 leaves lots of space for user. So HC-05 is better than HC-06 and



recommended. HC-03 is similar with HC-05. The above introduction also suits HC-03
The following reference about HC-03 and HC-05 can be downloaded from company website

www.wavesen.com:

HC-03 datasheet .pdf (the command set introduction is included)
HC-05 datasheet .pdf (the command set introduction is included)
IVT BlueSoleil-2.6 (IVT Bluetooth drive test version)

Bluetooth FAQ.pdf

PCB package of Bluetooth key modules (PCB package lib in protel)

IVT software manual.pdf (introduce how to operate the modern and make pair with
Bluetooth module)

PDA serial test helper.exe (serial helper used for WM system)

HC-03/05 Bluetooth serial command set.pdf

6. Ordering information

The website of Guangzhou HC Information Technology Co., Ltd is www.wavesen.com The contact

information is provided at the company website.

Order Way: If you want our product, you can give order to the production center of our company
directly or order it in Taobao. There is a link to Taobao in our company website.

Package: 50 pieces chips in an anti-static blister package. The weight of a module is about 0.9¢.

The weight of a package is about 50g.



Please provide the product’s model when you order:
HC-04-M HC-04 master module

HC-04-S HC-04 slave module

HC-06-M HC-06 master module

HC-06-S HC-06 slave module

HC-03

HC-05 HC-03/05 can be preset to be master module or slave module.
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LM2598 SIMPLE SWITCHER® Power Converter 150-kHz 1-A Step-Down Voltage Regulator,
With Features

1 Features

« 3.3-V, 5-V, 12-V, and Adjustable Output Versions

* Adjustable Version Output Voltage Range, 1.2-V
to 37-V £4% Max Over Line and Load Conditions

e 1-A Output Current

e Available in 7-Pin TO-220 and DDPAK (Surface
Mount) Package

* Input Voltage Range Up to 40 V

» Excellent Line and Load Regulation Specifications
» 150 kHz Fixed Frequency Internal Oscillator

«  Shutdown/Soft-start

e Out of Regulation Error Flag

e Error Output Delay

* Low Power Standby Mode, Iy, Typically 85 pA

» High Efficiency

» Uses Readily Available Standard Inductors

* Thermal Shutdown and Current Limit Protection

2 Applications

» Simple High-Efficiency Step-down (Buck)
Regulator

« Efficient Preregulator for Linear Regulators

e On-Card Switching Regulators

» Positive to Negative Converter

3 Description

The LM2598 series of regulators are monolithic
integrated circuits that provide all the active functions
for a step-down (buck) switching regulator, capable of
driving a 1-A load with excellent line and load
regulation. These devices are available in fixed output
voltages of 3.3V, 5V, 12 V, and an adjustable output
version.

The LM2598 is a member of the LM259x family.

Requiring a minimum number of external
components, these regulators are simple to use and
include internal frequency compensation, improved
line and load specifications, fixed-frequency oscillator,
Shutdown/Soft-start, error flag delay and error flag
output.

The LM2598 series operates at a switching frequency
of 150 kHz, thus allowing smaller sized filter
components than what would be required with lower-
frequency switching regulators. Available in a
standard 7-lead TO-220 package with several
different lead bend options, and a 7-lead DDPAK
surface mount package. Typically, for output voltages
less than 12 V, and ambient temperatures less than
50°C, no heat sink is required.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TO-220 (7) 14.986 mm x 10.16 mm
LM2598
TO-263 (7) 10.10 mm x 8.89 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application

Fixed output voltage versions

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Description (continued)

A standard series of inductors (both through hole and surface mount types) are available from several different
manufacturers optimized for use with the LM2598. This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a specified +4% tolerance on output voltage under all conditions of input voltage and
output load conditions, and £15% on the oscillator frequency. External shutdown is included, featuring typically
85-uA standby current. Self-protection features include a two stage current limit for the output switch and an
overtemperature shutdown for complete protection under fault conditions.

6 Pin Configuration and Functions

I_F_F_Ii

NDZ Package
7-Pin TO-220

Top View

/=

KTW Package
7-Pin TO-263
Top View

Pins 1, 3, 5, and 7

2,4, and 6 ’ x

—T 7117 -50/5S —T 717 -5D/.5S
GND ——T—T—16 - Feed Back Metal LT 16 - feed Back
——T—T—15 - Delay ela —TT15 - Delay
O [ T T 714 - Ground Tab [T 1 14 - Ground
T T3 - flag GND —LL13~flag
—TT—2 - v, —T 112 - iy
of—T—T—1 - output OF—TT1 - Output
Pin Functions
PIN
le} DESCRIPTION
NO. NAME
Internal switch. The voltage at this pin switches between approximately (+V,y — VsaT) and
1 Output (0] approximately —0.5 V, with a duty cycle of Voyt / V|n. TO minimize coupling to sensitive
circuitry, the PCB copper area connected to this pin must be kept to a minimum.
This is the positive input supply for the IC switching regulator. A suitable input bypass
2 +ViN | capacitor must be present at this pin to minimize voltage transients and to supply the
switching currents required by the regulator.
Open collector output that provides a low signal (flag transistor ON) when the regulated output
3 Error Fla o voltage drops more than 5% from the nominal output voltage. On start up, Error Flag is low
9 until Vout reaches 95% of the nominal output voltage and a delay time determined by the
Delay pin capacitor. This signal can be used as a reset to a microprocessor on power-up.
4 Ground — Circuit ground.
At power-up, this pin can be used to provide a time delay between the time the regulated
5 Delay (@) output volta();e reaches 95% of the nominal output voltage, and the time the error flag output
goes high.@
6 Feedback | Senses the regulated output voltage to complete the feedback loop.
This dual function pin provides the following features: (a) Allows the switching regulator circuit
7 Shutdown/Soft- | to be shut down using logic level signals thus dropping the total input supply current to
start approximately 80 pA. (b) Adding a capacitor to this pin provides a soft-start feature which
minimizes start-up current and provides a controlled ramp up of the output voltage.®

@

If any of the above three features (Shutdown/Soft-start, Error Flag, or Delay) are not used, the respective pins must be left open.
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®
MIN MAX UNIT
Maximum supply voltage, Vi 45 \%
SD/SS pin input voltage ® 6 \%
Delay pin voltage® 15 \%
Flag pin voltage -0.3 45 \%
Feedback pin voltage -0.3 25 \%
Output voltage to ground (steady state) -1 \%
Power dissipation Internally limited
Vapor phase (60 s) 215
KTW package
Lead temperature Infrared (10 s) 245 °C
NDZ package (soldering, 10 s) 260
Maximum junction temperature 150 °C
Storage temperature, Tgg —65 150 °C

@

@)
(©)

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

Voltage internally clamped. If clamp voltage is exceeded, limit current to a maximum of 1 mA.

7.2 ESD Ratings

VALUE UNIT

V(esp) Electrostatic discharge Human-body model (HBM), per ANSI/ESDA/JEDEC JS-0011) @ +2000 Y

1)
@

JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
The human body model is a 100-pF capacitor discharged through a 1.5k resistor into each pin.

7.3 Recommended Operating Conditions

MIN MAX UNIT
Supply voltage 45 40 Y
Temperature -25 125 °C
7.4 Thermal Information
LM2598
THERMAL METRIC® KTW (TO-263) NDZ (TO-220) UNIT
7 PINS 7 PINS
See® — 50
See® 50 —
Rosa Junction-to-ambient thermal resistance ®® °CIW
See® 30 —
See 20 —
Roac(top) Junction-to-case (top) thermal resistance 2 2 °CIW
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
(2) The package thermal impedance is calculated in accordance to JESD 51-7.
(3) Thermal Resistances were simulated on a 4 -layer, JEDEC board.
(4) Junction to ambient thermal resistance (no external heat sink) for the package mounted TO-220 package mounted vertically, with the
leads soldered to a printed circuit board with (1 0z.) copper area of approximately 1 in®.
(5) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 0.5 in® of (1
0z.) copper area.
(6) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 2.5 in® of (1
0z.) copper area.
(7) Junction to ambient thermal resistance with the TO-263 package tab soldered to a double sided printed circuit board with 3 in? of (1 0z.)
copper area on the LM2598S side of the board, and approximately 16 in? of copper on the other side of the PCB.
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7.5 Electrical Characteristics — 3.3-V Version

Specifications are for T; = 25°C, unless otherwise specified.

PARAMETER | TEST CONDITIONS MIN® TYP@  MAX @] UNIT
SYSTEM PARAMETERS® (see Figure 42 and Figure 45 for test circuits)
475V < Vi < 40V T;=25°C 3.168 33 3.432
Vour Output voltage o TN ’ Over full operati v
1A= <1A perating
LOAD temperature range 3135 3.465
n EfﬂCienCy V|N =12V, ILOAD =1A 78%

(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely norm.

(3) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2598 is used as shown in the Figure 42 and Figure 45, system performance is as shown in system parameters of Electrical
Characteristics.

7.6 Electrical Characteristics — 5-V Version

Specifications are for T; = 25°C, unless otherwise specified.

PARAMETER | TEST CONDITIONS MIN® TYP® MAX® | UNIT

SYSTEM PARAMETERS® (see Figure 42 and Figure 45 for test circuits)

7 v <onedo V T;=25°C 4.8 5 5.2
= VIN = ’ "

Vour  Output voltage 01ASloapS1A Over full operating 475 5.95 v

temperature range : '

n Efficiency Vin=12V, lloap=1A 82%

(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely norm.

(3) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2598 is used as shown in the Figure 42 and Figure 45, system performance is as shown in system parameters of Electrical
Characteristics.

7.7 Electrical Characteristics — 12-V Version

Specifications are for T; = 25°C, unless otherwise specified.

PARAMETER | TEST CONDITIONS MIN® TYP@  mMAX® | uNIT

SYSTEM PARAMETERS® (see Figure 42 and Figure 45 for test circuits)

T;=25°C 11.52 12 12.48
v output volt 15V <V <40V, . v
out utput voltage 01A<lompS1A Over full operating 114 126
temperature range ’ ’

n Efficiency VlN =25V, ILOAD =1A 90%

(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely norm.

(3) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2598 is used as shown in the Figure 42 and Figure 45, system performance is as shown in system parameters of Electrical
Characteristics.
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7.8 Electrical Characteristics — Adjustable Voltage Version

Specifications are for T; = 25°C, unless otherwise specified.

PARAMETER | TEST CONDITIONS MIN® TYP@  MAX®D | UNIT
SYSTEM PARAMETERS® (see Figure 42 and Figure 45 for test circuits)
45VSV<S40V,01A< oS 1A 1.23
Vrg  Feedback voltage Vour programmed for 3 V, | Ty = 25°C 1.193 1267
lczlirCU” (Zf Figure 42 and Over full operating 118 1.28
gure 45 temperature range
n Efficiency Vin=12V, Vour =3V, lioap = 1L A 78%

(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely norm.

(3) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2598 is used as shown in the Figure 42 and Figure 45, system performance is as shown in system parameters of Electrical

Characteristics.

7.9 Electrical Characteristics — All Output Voltage Versions

Specifications are for T; = 25°C unless otherwise noted. Unless otherwise specified, V, = 12 V for the 3.3-V, 5-V, and

Adjustable version and V,y = 24 V for the 12-V version. | gap = 500 mA

PARAMETER | TEST CONDITIONS MIN® TYP@ MAX®| UNIT
DEVICE PARAMETERS
. . . T;=25°C 10 50
| Feedback bias Adjustable version only, - nA
b current Veg = 1.3V Over full operating 100
temperature range
T;=25°C 127 150 173
f Oscillator frequency | See® ' kHz
o q y Over full operating 110 173
temperature range
T;=25°C 1 1.2
Vsar  Saturation voltage lour=1A @6 Over full operating 13 v
temperature range :
Max duty cycle (ON) | See®) 100%
DC Minimum duty cycle
6 0
(OFF) See 0%
T;=25°C 1.2 1.5 2.4
ley Current limit Peak current®®) Over full operating 115 . A
temperature range : :
| Output leakage Output = 0 V, see@©® S0 A
t curent Output = -1V 2 15 mA
Operating quiescent | == . ®)
lo current SD/SS pin open 5 10 mA
c t standb T;=25°C 85 200
urrent stan = .
lsteY | quiescent Y SD/ss pin =0 V) Over full operating 2so| M
temperature range
(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).
(2) Typical numbers are at 25°C and represent the most likely norm.
(3) The switching frequency is reduced when the second stage current limit is activated. The amount of reduction is determined by the
severity of current overload.
(4) No diode, inductor or capacitor connected to output pin.
(5) Feedback pin removed from output and connected to 0 V to force the output transistor switch ON.
(6) Feedback pin removed from output and connected to 12 V for the 3.3-V, 5-V, and the Adjustable version, and 15 V for the 12-V version,
to force the output transistor switch OFF.
(7) VIN =40 V.
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Electrical Characteristics — All Output Voltage Versions (continued)

Specifications are for T; = 25°C unless otherwise noted. Unless otherwise specified, V,y = 12 V for the 3.3-V, 5-V, and
Adjustable version and V,y = 24 V for the 12-V version. | gap = 500 mA

PARAMETER | TEST CONDITIONS | MIN® TYP@ MAX®| UNIT
SHUTDOWN AND SOFT-START CONTROL (see Figure 42 and Figure 45 for test circuits)
T;=25°C 1.3
v Shutdown threshold Ir_:r\]/v,e(Shutdown Mode), over full operating temperature 0.6 v
SD yoltage 9
High, (Soft-start Mode), over full operating temperature 2
range
V = 20% of nominal output voltage 2
Vss Soft-start voltage out - P g \%
Vout = 100% of nominal output voltage
ISD Shutdown current VSHUTDOWN = 05V 5 10 IJ.A
Iss Soft-start current Vsoft-start = 2.5 V 1.6 5 pA
FLAG AND DELAY CONTROL (see Figure 42 and Figure 45 for test circuits)
Regulator dropout
detector threshold Low (Flag ON) 92% 96% 98%
voltage
ISINK =3 mA 0.3 \Y
VE Voltage flag output T;=25°C 0.7
SAT ;
saturation VpeLay = 0.5V Over full operating 1 v
temperature range
Flag output leakage -
IFL current VrLag =40V 0.3
1.25 \
Voltage delay pin
threshold Low (Flag ON) 1.21 v
High (Flag OFF) and Voyt Regulated 1.29
Delay pin source _
current VoeLay = 0.5V 3 6 wA
T;=25°C 55 350
Delay pin saturation | Low (Flag ON) Over full operating 400 mV
temperature range
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7.10 Typical Characteristics
Circuit of Figure 45
1.5 0.4 T T
_ Viy = 20V s Vour = 5V
B 10 lLoap = 1A ¥ loap = 100 mA
w Normalized at w92 Ty = 25°C
Z Ty = 259 2
<[ 0.5 <L
T T 0.1
o (&)
L [} ]
re) 0 ] ) 0 ™
- i ~
o o -0.41
> -0.5 >
5 5 -02
= 10 =
a 3 -03
-1.5 -0.4
=50 -25 0 25 50 75 100 125 0 5 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)
Figure 1. Normalized Output Voltage Figure 2. Line Regulation
95 1.2
1A Load 20V
1.1
90 — =
12v — w 10 /////
- o
S = T, = -40°C
85 P // /
5 5V g - ~
o] — =z P .
O g — S 08 >
= =T~ = 250 /
- ™~ F 12500
0.6 //
70 0.5
0 5 10 15 20 25 30 35 40 0.0 0.2 0.4 0.6 0.8 1.0
INPUT VOLTAGE (V) SWITCH CURRENT (A)
Figure 3. Efficiency Figure 4. Switch Saturation Voltage
2.2 T T 1.3
Vi = 12V = Vour = Vreg — 20mY
= Z 12 L =68uH
= 20 = R = 0.060
- § s IND
= T ——
~ 18 et & 1A
= /, e 10
& L~ = ~ loap = 0-5A
e _~ = 09 ~
> 16 = ~ ~
=) & \ ™~
5 2 08 ™~ ™~
= / o : ~
S 14 - N 0.1A
7 = 07
= \
1.2 0.6
=50 -25 0 25 50 75 100 125 =50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
Figure 5. Switch Current Limit Figure 6. Dropout Voltage
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Typical Characteristics (continued)

Circuit of Figure 45

24
4.5V < VlN < 40V
| =0
SWITCH
. 20 ~
<E( \\
= SWITCH ON
o \\
= 12
>
(&)
x5
z 8
5 SWITCH OFF
n
4
0

-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
Figure 7. Operating Quiescent Current

CURRENT {(uA)

120 T T T
Vﬁ/ss = oV
100k - _ e .
Ty = 25°C AND 125°C | oo
\ B e
80 o )
T, = -40°C
60 1
40
20
0
0 10 20 30 40

Figure 8. Shutdown Quiescent Current

SUPPLY VOLTAGE (V)

S
4 \‘\
[ \
QL 3
=
=
—
o
>
> 2
o
o
=2
w 1 |
Vour = 1.23V
lLoap = 120 mA
0 L L

=50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
Figure 9. Minimum Operating Supply Voltage

FEEDBACK BIAS CURRENT (nA)

10

7.5

5.0

2.5

-2.5
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-50

Figure 10. Feedback Pin Bias Current

/"\\

-

L1

ADJUSTABLE VERSION ONLY

|
|
|

J

-25 0 25 50 75 100 125

UNCTION TEMPERATURE (°C)

0.7
Viy = >1.5V
0.6 V, = 0.3V
g |DELAY
w 05 T
[&) _ /
E s T = 1251(3/
o U =
> 25¢°C
Z 03 —]
= ’ /—EOC
= //
S 02[f ’/
2
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0
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Figure 11. Flag Saturation Voltage

FREQUENCY (kHz)

160

155

150

—

140

135

130

-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
Figure 12. Switching Frequency
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Typical Characteristics (continued)

Circuit of Figure 45

ST T T
100 11 PEAK VALUE =~ 16 pA
T, = 125°C / > |
® 80 _ f\ 2400¢
o / / EO N !
= 60 = 125°C] | -40°C < T; < 125°C
o 25°C %—»/ L 3 ;
540 = I
a / / /—4o°c g ) 125°C
2 S ' \
/ iR
0 1 -40°C
I
|25°c —+
0 Il
0 L 2 3 4 5 0 1 2 3 4 5 6 7 8
VOLTAGE (V) VOLTAGE (V)
Figure 13. Soft-start Figure 14. Shutdown/Soft-start Current
3.5 : — T T T
1.3V | FLAG = Ty = 25°C qome 120ms 1.2s
5.0 r_t RESET 7 & 100 Cooft-start
| THRESHOLD e
[ b
25 . = 0.01 uf
i S 60 } T
2 0= . = I 0w |
z 1 -40°C z 40 i 4
] e 1.0 uF
e 1.5 t g > 99 .
S e || ) [l
(&} 1
1.0 I [ 0
1250 ——»] — 4.4ms| 44 ms (440 ms
0.5 L = v+
[ =z
0 ! 0
VOLTAGE (V) . TIME (seconds)
Figure 15. Delay Pin Current Figure 16. Soft-start Response
2.5
S 2.0
- Soft-start
(&)
S 15 ~— A
(@)
>
=) \\
5 1.0 !
z Y
(%2}
o Shutdown
L 05
0
=50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)
Figure 17. Shutdown and Soft-start Threshold Voltage
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8 Detailed Description

8.1 Overview

The LM2598 SIMPLE SWITCHER® regulator is an easy-to-use, nonsynchronous, step-down DC-DC converter
with a wide input voltage range up to 40 V. The regulator is capable of delivering up to 1-A DC load current with
excellent line and load regulation. These devices are available in fixed output voltages of 3.3-V, 5-V, 12-V and an
adjustable output version. The family requires few external components, and the pin arrangement was designed
for simple, optimum PCB layout.

8.2 Functional Block Diagram

8.3 Feature Description

8.3.1 SHUTDOWN and Soft-Start

The circuit shown in Figure 20 is a standard buck regulator with 24-V,y, 12-Vour, 280-mA load, and using a
0.068-uF soft-start capacitor. The photo in Figure 18 and Figure 19 show the effects of Soft-start on the output
voltage, the input current, with, and without a soft-start capacitor. Figure 18 also shows the error flag output
going high when the output voltage reaches 95% of the nominal output voltage. The reduced input current
required at start-up is very evident when comparing the two photos. The Soft-start feature reduces the start-up
current from 1 A down to 240 mA, and delays and slows down the output voltage rise time.

This reduction in start-up current is useful in situations where the input power source is limited in the amount of
current it can deliver. In some applications Soft-start can be used to replace undervoltage lockout or delayed
start-up functions.

If a very slow output voltage ramp is desired, the Soft-start capacitor can be made much larger. Many seconds or
even minutes are possible.

If only the shutdown feature is required, the Soft-start capacitor can be eliminated.
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Feature Description (continued)

15V
Qutput 10V
Voltage 5V
oV
Error Flag {
- 200 mA . y
Input
1 A
- OmA .

10 msec/div

Figure 18. Output Voltage, Input Current, and Error Flag
Signal at Start-Up With Soft-start

15V

Cutput 10V
Voltage 5y
ov

~ 600 mA

Input 460 mA
Current 200 mA
- O0mA

1 msec/div

Figure 19. Output Voltage and Input Current at Start-Up
Without Soft-start

R1 10k
AAA
\A AL
Flag Feedback
Error Qutput 3 s
+24V +Viy LM2598

UnregulatedT 12.0 100 pH +12.0
T Output 12.0v

p—O Regulated

220 ;LFI — 1 +1 . Coyr Output
=, 7|50/ss 5]De\ay 4] 6nd Drlsazz 120 uF
""" 1
OFF | ON 25V
ERREE 1IN4148 == Css = - -
- 0.068 pF
pmemmmmTm T ~———— Shutdown /Soft-start I B
- S~ —
. -
”f Shutdown/Soft—start 7[sb/ss 5 \\\
PV . 20k 1 .
14 ON | QFF Q1 )
" 0= —------ - Css 1
\ 10k 0.068 uF ,’
o .7
Ssao — —= = JPias

Figure 20. Typical Circuit Using Shutdown/Soft-start and Error Flag Features
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Feature Description (continued)

IN5820

INPUT VOLTAGE
+4.5V to +20V

P oo b L
5v 03 o o R FEEDBACK
+ LM2598
OFF | ON _>|N FLAG
ov 5.0
5/55 our L1 68 uH

| DELAY |GND . =
0. IN5822 == 120 uf

1 uf
| c3 C4 D2 | c2

g g g -5V
b - - OUTPUT

ERROR FLAG OUTPUT
P — e — e ————————— 7 OR POWER OK
1

ON | OFF SD/SS
ov VVV |

SHUTDOWN OPTION #1
(GROUND REFERENCED)

GND

1
1
1
1
1
1
1
1
1 SHUTDOWN OPTION #2

Figure 21. Inverting —5-V Regulator With Shutdown and Soft-start

8.3.2 Inverting Regulator

The circuit in Figure 21 converts a positive input voltage to a negative output voltage with a common ground. The
circuit operates by bootstrapping the regulators ground pin to the negative output voltage, then grounding the
feedback pin, the regulator senses the inverted output voltage and regulates it.

This example uses the LM2598-5 to generate a —5-V output, but other output voltages are possible by selecting
other output voltage versions, including the adjustable version. Because this regulator topology can produce an
output voltage that is either greater than or less than the input voltage, the maximum output current greatly
depends on both the input and output voltage. The curve shown in Figure 22 provides a guide as to the amount
of output load current possible for the different input and output voltage conditions.

The maximum voltage appearing across the regulator is the absolute sum of the input and output voltage, and
this must be limited to a maximum of 40 V. In this example, when converting 20 V to -5 V, the regulator would
see 25 V between the input pin and ground pin. The LM2598 has a maximum input voltage rating of 40 V.

0.8
L =68 uH =5V Out |

~ 0.7 for 5V and 12V L]
= /
= 0.6 !
& // -12V Out
=z 05 /ﬂ“/
(&)
g 04 // ///'—zov out |
3 43 AT L= o0 pn
3 ///
> 02
x /
= g4

0

0 5 10 15 20 25 30
INPUT VOLTAGE (V)

Figure 22. Maximum Load Current for Inverting
Regulator Circuit

Copyright © 1998-2016, Texas Instruments Incorporated Submit Documentation Feedback 13
Product Folder Links: LM2598


http://www.ti.com/product/lm2598?qgpn=lm2598
http://www.ti.com
http://www.ti.com/product/lm2598?qgpn=lm2598
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS125D&partnum=LM2598

13 TEXAS
INSTRUMENTS
LM2598

SNVS125D —MARCH 1998 —REVISED MAY 2016 www.ti.com

Feature Description (continued)

An additional diode is required in this regulator configuration. Diode D1 is used to isolate input voltage ripple or
noise from coupling through the C,y capacitor to the output, under light or no load conditions. Also, this diode
isolation changes the topology to closely resemble a buck configuration thus providing good closed loop stability.
A Schottky diode is recommended for low input voltages, (because of its lower voltage drop) but for higher input
voltages, a 1N5400 diode could be used.

Because of differences in the operation of the inverting regulator, the standard design procedure is not used to
select the inductor value. In the majority of designs, a 68-uH, 1.5-A inductor is the best choice. Capacitor
selection can also be narrowed down to just a few values. Using the values shown in Figure 21 provides good
results in the majority of inverting designs.

This type of inverting regulator can require relatively large amounts of input current when starting up, even with
light loads. Input currents as high as the LM2598 current limit (approximately 1.5 A) are required for 2 ms or
more, until the output reaches its nominal output voltage. The actual time depends on the output voltage and the
size of the output capacitor. Input power sources that are current limited or sources that can not deliver these
currents without getting loaded down, may not work correctly. Because of the relatively high start-up currents
required by the inverting topology, the soft-start feature shown in Figure 21 is recommended.

Also shown in Figure 21 are several shutdown methods for the inverting configuration. With the inverting
configuration, some level shifting is required, because the ground pin of the regulator is no longer at ground, but
is now at the negative output voltage. The shutdown methods shown accept ground referenced shutdown
signals.

8.3.3 Undervoltage Lockout

Some applications require the regulator to remain off until the input voltage reaches a predetermined voltage.
Figure 23 shows an undervoltage lockout feature applied to a buck regulator, while Figure 24 and Figure 25 are
for the inverting types (only the circuitry pertaining to the undervoltage lockout is shown). Figure 23 uses a Zener
diode to establish the threshold voltage when the switcher begins operating. When the input voltage is less than
the Zener voltage, resistors R1 and R2 hold the Shutdown or Soft-start pin low, keeping the regulator in the
shutdown mode. As the input voltage exceeds the Zener voltage, the Zener conducts, pulling the Shutdown/Soft-
start pin high, allowing the regulator to begin switching. The threshold voltage for the undervoltage lockout
feature is approximately 1.5 V greater than the Zener voltage.

VN
24V

LM2598
5.0

SD/SS 4 | GND

Figure 23. Undervoltage Lockout for a Buck Regulator

Figure 24 and Figure 25 apply the same feature to an inverting circuit. Figure 24 features a constant threshold
voltage for turnon and turnoff (Zener voltage plus approximately 1 V). Because the SD/SS pin has an internal 7-V
zener clamp, R2 is required to limit the current into this pin to approximately 1 mA when Q1 is on. If hysteresis is
required, the circuit in Figure 25 has a turnon voltage which is different than the turnoff voltage. The amount of
hysteresis is approximately equal to the value of the output voltage.
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Feature Description (continued)

o D1 v
IN | IN LM2598

24v T 5.0

7|sp/ss  4|GND

On 2
220 uF —T
20k
Q1 - 2N3906 ~Vour
-5v

Figure 24. Undervoltage Lockout Without
Hysteresis for an Inverting Regulator

LM2598
5.0

So/ss 4| onD

~Vour

-5V

Figure 25. Undervoltage Lockout With
Hysteresis for an Inverting Regulator

8.3.4 Negative Voltage Charge Pump

Occasionally a low current negative voltage is required for biasing parts of a circuit. A simple method of
generating a negative voltage using a charge pump technigue and the switching waveform present at the OUT
pin, is shown in Figure 26. This unregulated negative voltage is approximately equal to the positive input voltage
(minus a few volts), and can supply up to a 200 mA of output current. There is a requirement however, that there
be a minimum load of several hundred mA on the regulated positive output for the charge pump to work
correctly. Also, resistor R1 is required to limit the charging current of C1 to some value less than the LM2598
current limit (typically 1.5 A).

This method of generating a negative output voltage without an additional inductor can be used with other
members of the Simple Switcher Family, using either the buck or boost topology.

Feedback

6
LM2598-5 Output 68 uf

+5y  Regulated
p—— Output
0.4A Minimum

¢
5 | Delay 4|6Gnd ouT
y 180 pF Load

35V

'VOUT Unregulated
Negative
20 D3 Output Voltage

C1, C2 = 27 puF/25V c2

D2, D3 - MUR110 D2

Figure 26. Charge Pump for Generating a
Low Current, Negative Output Voltage
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8.4 Device Functional Modes

8.4.1 Discontinuous Mode Operation

The selection guide chooses inductor values suitable for continuous mode operation, but for low current
applications or high input voltages, a discontinuous mode design may be a better choice. Discontinuous mode
would use an inductor that would be physically smaller, and would require only one half to one third the
inductance value required for a continuous mode design. The peak switch and inductor currents is higher in a
discontinuous design, but at these low load currents (200 mA and below), the maximum switch current is still less
than the switch current limit.

Discontinuous operation can have voltage waveforms that are considerably different than a continuous design.
The output pin (switch) waveform can have some damped sinusoidal ringing present (see Figure 46) This ringing
is normal for discontinuous operation, and is not caused by feedback loop instabilities. In discontinuous
operation, there is a period of time where neither the switch nor the diode are conducting, and the inductor
current has dropped to zero. During this time, a small amount of energy can circulate between the inductor and
the switch or diode parasitic capacitance causing this characteristic ringing. Normally this ringing is not a
problem, unless the amplitude becomes great enough to exceed the input voltage, and even then, there is very
little energy present to cause damage.

Different inductor types or core materials produce different amounts of this characteristic ringing. Ferrite core
inductors have very little core loss and therefore produce the most ringing. The higher core loss of powdered iron
inductors produce less ringing. If desired, a series RC could be placed in parallel with the inductor to dampen the
ringing.

Before
Ripple
Firer

5 mV/div.
Alter
Ripple
Filter

Figure 27. Post Ripple Filter Waveform

2 nsec/div
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9 Application and Implementation

9.1

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

Application Information

9.1.1 Soft-Start Capacitor (Cgs)

A capacitor on this pin provides the regulator with a Soft-start feature (slow start-up). When the DC input voltage
is first applied to the regulator, or when the Shutdown/Soft-start pin is allowed to go high, a constant current
(approximately 5 pA begins charging this capacitor). As the capacitor voltage rises, the regulator goes through
four operating regions (See the bottom curve in Figure 28).

1.

2.

Regulator in shutdown: When the SD/SS pin voltage is between 0 V and 1.3 V, the regulator is in shutdown,
the output voltage is zero, and the IC quiescent current is approximately 85 pA.

Regulator ON, but the output voltage is zero: With the SD/SS pin voltage between approximately 1.3 V and
1.8 V, the internal regulator circuitry is operating, the quiescent current rises to approximately 5 mA, but the
output voltage is still zero. Also, as the 1.3-V threshold is exceeded, the Soft-start capacitor charging current
decreases from 5 pA down to approximately 1.6 pA. This decreases the slope of capacitor voltage ramp.

Soft-start region: When the SD/SS pin voltage is between 1.8 V and 2.8 V at 25°C, the regulator is in a Soft-
start condition. The switch (Pin 1) duty cycle initially starts out very low, with narrow pulses and gradually get
wider as the capacitor SD/SS pin ramps up towards 2.8 V. As the duty cycle increases, the output voltage
also increases at a controlled ramp up. See the center curve in Figure 28. The input supply current
requirement also starts out at a low level for the narrow pulses and ramp up in a controlled manner. This is a
very useful feature in some switcher topologies that require large start-up currents (such as the inverting
configuration) which can load down the input power supply.

Note: The lower curve shown in Figure 28 shows the Soft-start region from 0% to 100%. This is not the duty
cycle percentage, but the output voltage percentage. Also, the Soft-start voltage range has a negative
temperature coefficient associated with it.

Normal operation: Above 2.8 V, the circuit operates as a standard pulse width modulated switching regulator.

The capacitor continues to charge up until it reaches the internal clamp voltage of approximately 7 V. If this
pin is driven from a voltage source, the current must be limited to about 1 mA.

If the part is operated with an input voltage at or below the internal soft-start clamp voltage of approximately 7 V,

the

voltage on the SD/SS pin tracks the input voltage and can be disturbed by a step in the voltage. To maintain

proper function under these conditions, it is strongly recommended that the SD/SS pin be clamped externally
between the 3-V maximum soft-start threshold and the 4.5-V minimum input voltage. Figure 30 is an example of
an external approximately 3.7-V clamp that prevents a line-step related glitch but does not interfere with the soft-
start behavior of the device.
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Application Information (continued)
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Figure 29. Timing Diagram for 5-V Output
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Application Information (continued)
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Figure 30. External 3.7-V Soft-Start Clamp

9.1.2 Delay Capacitor (Cpg_ay)

Provides delay for the error flag output. See the upper curve in Figure 28, and also refer to timing diagrams in
Figure 29. A capacitor on this pin provides a time delay between the time the regulated output voltage (when it is
increasing in value) reaches 95% of the nominal output voltage, and the time the error flag output goes high. A 3-
pA constant current from the delay pin charges the delay capacitor resulting in a voltage ramp. When this voltage
reaches a threshold of approximately 1.3 V, the open collector error flag output (or power OK) goes high. This
signal can be used to indicate that the regulated output has reached the correct voltage and has stabilized.

If, for any reason, the regulated output voltage drops by 5% or more, the error output flag (Pin 3) immediately
goes low (internal transistor turns on). The delay capacitor provides very little delay if the regulated output is
dropping out of regulation. The delay time for an output that is decreasing is approximately a 1000 times less
than the delay for the rising output. For a 0.1-uF delay capacitor, the delay time would be approximately 50 ms
when the output is rising and passes through the 95% threshold, but the delay for the output dropping would only
be approximately 50 ps.

The error flag output, Rpy yp (0r power OK), is the collector of a NPN transistor, with the emitter internally
grounded. To use the error flag, a pullup resistor to a positive voltage is required. The error flag transistor is
rated up to a maximum of 45 V and can sink approximately 3 mA. If the error flag is not used, it can be left open.

9.1.3 Feedforward Capacitor (Cgg)

NOTE
Adjustable output voltage version only

Figure 45 shows a feedfoward capacitor across R2 which is used when the output voltage is greater than 10 V or
then Coyr has a very low ESR. This capacitor adds lead compensation to the feedback loop and increases the
phase margin for better loop stability.

If the output ripple is large (> 5% of the nominal output voltage), this ripple can be coupled to the feedback pin
through the feedforward capacitor and cause the error comparator to trigger the error flag. In this situation,
adding a resistor, Rgg, in series with the feedforward capacitor, approximately 3 times R1, attenuates the ripple
voltage at the feedback pin.

9.1.4 Input Capacitor (C\)

A low ESR aluminum or tantalum bypass capacitor is required between the input pin and ground pin. The
capacitor must be located near the regulator using short leads. This capacitor prevents large voltage transients
from appearing at the input, and provides the instantaneous current required each time the switch turns on.

The important parameters for the Input capacitor are the voltage rating and the RMS current rating. Because of
the relatively high RMS currents flowing in a buck regulator's input capacitor, this capacitor must be chosen for
its RMS current rating rather than its capacitance or voltage ratings, although the capacitance value and voltage
rating are directly related to the RMS current rating.
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Application Information (continued)

The RMS current rating of a capacitor could be viewed as a capacitor's power rating. The RMS current flowing
through the capacitors internal ESR produces power which causes the internal temperature of the capacitor to
rise. The RMS current rating of a capacitor is determined by the amount of current required to raise the internal
temperature approximately 10°C above an ambient temperature of 105°C. The ability of the capacitor to dissipate
this heat to the surrounding air determines the amount of current the capacitor can safely sustain. Capacitors that
are physically large and have a large surface area typically has higher RMS current ratings. For a given capacitor
value, a higher voltage electrolytic capacitor is physically larger than a lower voltage capacitor, and thus be able
to dissipate more heat to the surrounding air, and therefore has a higher RMS current rating.
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Figure 31. RMS Current Ratings for Low
ESR Electrolytic Capacitors (Typical)
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Figure 32. Capacitor ESR vs Capacitor Voltage Rating
(Typical Low ESR Electrolytic Capacitor)

The consequences of operating an electrolytic capacitor above the RMS current rating is a shortened operating
life. The higher temperature speeds up the evaporation of the capacitor's electrolyte, resulting in eventual failure.

Selecting an input capacitor requires consulting the manufacturers data sheet for maximum allowable RMS ripple
current. For a maximum ambient temperature of 40°C, a general guideline would be to select a capacitor with a
ripple current rating of approximately 50% of the DC load current. For ambient temperatures up to 70°C, a
current rating of 75% of the DC load current would be a good choice for a conservative design. The capacitor
voltage rating must be at least 1.25 times greater than the maximum input voltage, and often a much higher
voltage capacitor is required to satisfy the RMS current requirements.
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Application Information (continued)

Figure 31 shows the relationship between an electrolytic capacitor value, its voltage rating, and the RMS current
it is rated for. These curves were obtained from the Nichicon PL series of low-ESR, high-reliability electrolytic
capacitors designed for switching regulator applications. Other capacitor manufacturers offer similar types of
capacitors, but always check the capacitor data sheet.

Standard electrolytic capacitors typically have much higher ESR numbers, lower RMS current ratings and
typically have a shorter operating lifetime.

Because of their small size and excellent performance, surface mount solid tantalum capacitors are often used
for input bypassing, but several precautions must be observed. A small percentage of solid tantalum capacitors
can short if the inrush current rating is exceeded. This can happen at turnon when the input voltage is suddenly
applied, and of course, higher input voltages produce higher inrush currents. Several capacitor manufacturers do
a 100% surge current testing on their products to minimize this potential problem. If high turnon currents are
expected, it may be necessary to limit this current by adding either some resistance or inductance before the
tantalum capacitor, or select a higher voltage capacitor. As with aluminum electrolytic capacitors, the RMS ripple
current rating must be sized to the load current.

9.1.5 Output Capacitor (Coyt)

An output capacitor is required to filter the output and provide regulator loop stability. Low impedance or low ESR
Electrolytic or solid tantalum capacitors designed for switching regulator applications must be used. When
selecting an output capacitor, the important capacitor parameters are; the 100-kHz Equivalent Series Resistance
(ESR), the RMS ripple current rating, voltage rating, and capacitance value. For the output capacitor, the ESR
value is the most important parameter.

The output capacitor requires an ESR value that has an upper and lower limit. For low output ripple voltage, a
low ESR value is required. This value is determined by the maximum allowable output ripple voltage, typically 1%
to 2% of the output voltage. But if the selected capacitor's ESR is extremely low, there is a possibility of an
unstable feedback loop, resulting in an oscillation at the output. Using the capacitors listed in the tables, or
similar types, provides design solutions under all conditions.

If very low output ripple voltage (less than 15 mV) is required, see Output Voltage Ripple and Transients for a
post ripple filter.

An aluminum electrolytic capacitor's ESR value is related to the capacitance value and its voltage rating. In most
cases, higher voltage electrolytic capacitors have lower ESR values (see Figure 32). Often, capacitors with much
higher voltage ratings may be required to provide the low ESR values required for low output ripple voltage.

The output capacitor for many different switcher designs often can be satisfied with only three or four different
capacitor values and several different voltage ratings. See Figure 38 and Table 1 for typical capacitor values,
voltage ratings, and manufacturers capacitor types.

Electrolytic capacitors are not recommended for temperatures below —25°C. The ESR rises dramatically at cold
temperatures and typically rises 3X at —25°C and as much as 10X at —40°C. See curve shown in Figure 33.

Solid tantalum capacitors have a much better ESR specifications for cold temperatures and are recommended
for temperatures below —25°C.
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Application Information (continued)
Table 1. Output Capacitor and Feedforward Capacitor Selection Table
OUTPUT THROUGH-HOLE ELECTROLYTIC SURFACE-MOUNT TANTALUM
VOLTAGE PANASONIC NICHICON PL FEEDFORWARD AVX TPS SPRAGUE FEEDFORWARD
) HFQ SERIES SERIES CAPACGITOR SERIES 595D SERIES CAPACITOR
(RFIV) (nFIV) (nFIV) (nFIV)
1.2 330/50 330/50 0 330/6.3 330/6.3 0
220/25 220/25 4.7 nF 220/10 220/10 4.7 nF
220/25 220/25 3.3nF 220/10 220/10 3.3nF
180/25 180/25 1.5nF 100/16 180/16 1.5nF
12 120/25 120/25 1.5nF 68/20 120/20 1.5nF
15 120/25 120/25 1.5nF 68/20 100/20 1.5nF
24 82/35 82/35 1nF 33/25 33/35 220 pF
28 82/50 82/50 1nF 10/35 33/35 220 pF

9.1.6 Catch Diode

Buck regulators require a diode to provide a return path for the inductor current when the switch turns off. This
must be a fast diode and must be located close to the LM2598 using short leads and short printed circuit traces.

Because of their very fast switching speed and low forward voltage drop, Schottky diodes provide the best
performance, especially in low output voltage applications (5 V and lower). Ultra-fast recovery, or high-efficiency
rectifiers are also a good choice, but some types with an abrupt turnoff characteristic may cause instability or
EMI problems. Ultra-fast recovery diodes typically have reverse recovery times of 50 ns or less. Rectifiers such
as the 1N5400 series are much too slow and must not be used.

500
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120 uF 25V LOW ESR
300 ELECTROLYTIC CAPACITOR
200 N
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-20 0 20 40 60 80 100
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Figure 33. Capacitor ESR Change vs Temperature

9.1.7 Inductor Selection

All switching regulators have two basic modes of operation; continuous and discontinuous. The difference
between the two types relates to the inductor current, whether it is flowing continuously, or if it drops to zero for a
period of time in the normal switching cycle. Each mode has distinctively different operating characteristics,
which can affect the regulators performance and requirements. Most switcher designs operate in the
discontinuous mode when the load current is low.

The LM2598 (or any of the Simple Switcher family) can be used for both continuous or discontinuous modes of
operation.

In many cases the preferred mode of operation is the continuous mode. This mode offers greater output power,
lower peak switch, inductor and diode currents, and can have lower output ripple voltage. However, the
continuous mode requires larger inductor values to keep the inductor current flowing continuously, especially at
low output load currents or high input voltages.
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To simplify the inductor selection process, an inductor selection guide (nomograph) was designed (see Table 1
through Figure 37). This guide assumes that the regulator is operating in the continuous mode, and selects an
inductor that allows a peak-to-peak inductor ripple current to be a certain percentage of the maximum design
load current. This peak-to-peak inductor ripple current percentage is not fixed, but is allowed to change as
different design load currents are selected. (See Figure 34.)

70
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%% Inductance
30 &z Region

ezzz)

Alyp (% OF MAX DESIGN LOAD CURRENT)

20

0.2 0.4 0.6 0.8 1.0
MAXIMUM LOAD CURRENT (A)

Figure 34. (Al\p) Peak-to-Peak Inductor
Ripple Current (as a Percentage of the
Load Current) vs Load Current

By allowing the percentage of inductor ripple current to increase for low load currents, the inductor value and size
can be kept relatively low.

When operating in the continuous mode, the inductor current waveform ranges from a triangular to a sawtooth

type of waveform (depending on the input voltage), with the average value of this current waveform equal to the
DC output load current.

Inductors are available in different styles such as pot core, toroid, E-core, bobbin core, and so forth, as well as
different core materials, such as ferrites and powdered iron. The least expensive, the bobbin, rod or stick core,
consists of wire wound on a ferrite bobbin. This type of construction makes for an inexpensive inductor; however,
because the magnetic flux is not completely contained within the core, it generates more Electro-Magnetic
Interference (EMI). This magnetic flux can induce voltages into nearby printed circuit traces, thus causing
problems with both the switching regulator operation and nearby sensitive circuitry, and can give incorrect scope
readings because of induced voltages in the scope probe. Also seeOpen Core Inductors.

When multiple switching regulators are located on the same PCB, open core magnetics can cause interference
between two or more of the regulator circuits, especially at high currents. A torroid or E-core inductor (closed
magnetic structure) must be used in these situations.

The inductors listed in the selection chart include ferrite E-core construction for Schott, ferrite bobbin core for
Renco and Caoilcraft, and powdered iron toroid for Pulse Engineering.

Exceeding an inductor's maximum current rating may cause the inductor to overheat because of the copper wire
losses, or the core may saturate. If the inductor begins to saturate, the inductance decreases rapidly and the
inductor begins to look mainly resistive (the DC resistance of the winding). This can cause the switch current to
rise very rapidly and force the switch into a cycle-by-cycle current limit, thus reducing the DC output load current.
This can also result in overheating of the inductor or the LM2598. Different inductor types have different
saturation characteristics, and this must be kept in mind when selecting an inductor.

The inductor manufacturer's data sheets include current and energy limits to avoid inductor saturation.
For continuous mode operation, see the inductor selection graphs in Figure 35 through Figure 38.
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Table 2. Inductor Manufacturers Part Numbers
SCHOTTKY RENCO PULSE ENGINEERING COILCRAFT
INDUCTANCE | CURRENT
(rH) (A) THROUGH SURFACE THROUGH SURFACE THROUGH SURFACE SURFACE
HOLE MOUNT HOLE MOUNT HOLE MOUNT MOUNT
L4 68 0.32 67143940 67144310 RL-1284-68-43 RL1500-68 PE-53804 PE-53804-S D01608-68
L5 47 0.37 67148310 67148420 RL-1284-47-43 RL1500-47 PE-53805 PE-53805-S D01608-473
L6 33 0.44 67148320 67148430 RL-1284-33-43 RL1500-33 PE-53806 PE-53806-S D0O1608-333
L9 220 0.32 67143960 67144330 RL-5470-3 RL1500-220 PE-53809 PE-53809-S D0O3308-224
L10 150 0.39 67143970 67144340 RL-5470-4 RL1500-150 PE-53810 PE-53810-S D0O3308-154
L11 100 0.48 67143980 67144350 RL-5470-5 RL1500-100 PE-53811 PE-53811-S D0O3308-104
L12 68 0.58 67143990 67144360 RL-5470-6 RL1500-68 PE-53812 PE-53812-S D03308-683
L13 47 0.7 67144000 67144380 RL-5470-7 RL1500-47 PE-53813 PE-53813-S D03308-473
L14 33 0.83 67148340 67148450 RL-1284-33-43 RL1500-33 PE-53814 PE-53814-S D0O3308-333
L15 22 0.99 67148350 67148460 RL-1284-22-43 RL1500-22 PE-53815 PE-53815-S D03308-223
L16 15 1.24 67148360 67148470 RL-1284-15-43 RL1500-15 PE-53816 PE-53816-S D0O3308-153
L17 330 0.42 67144030 67144410 RL-5471-1 RL1500-330 PE-53817 PE-53817-S D0O3316-334
L18 220 0.55 67144040 67144420 RL-5471-2 RL1500-220 PE-53818 PE-53818-S D03316-224
L19 150 0.66 67144050 67144430 RL-5471-3 RL1500-150 PE-53819 PE-53819-S D03316-154
L20 100 0.82 67144060 67144440 RL-5471-4 RL1500-100 PE-53820 PE-53820-S D0O3316-104
L21 68 0.99 67144070 67144450 RL-5471-5 RL1500-68 PE-53821 PE-53821-S D03316-683
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Table 2. Inductor Manufacturers Part Numbers (continued)

RSN EE | cURRET SCHOTTKY RENCO PULSE ENGINEERING COILCRAFT
(nH) (A) THROUGH | SURFACE THROUGH SURFACE THROUGH SURFACE SURFACE
HOLE MOUNT HOLE MOUNT HOLE MOUNT MOUNT

L22 47 1.17 67144080 67144460 RL-5471-6 —_ PE-53822 PE-53822-S DO3316-473
L23 33 14 67144090 67144470 RL-5471-7 — PE-53823 PE-53823-S D03316-333
L24 22 17 67148370 67144480 RL-1283-22-43 — PE-53824 PE-53824-S D0O3316-223
L26 330 0.8 67144100 67144480 RL-5471-1 — PE-53826 PE-53826-S DO5022P-334
L27 220 1 67144110 67144490 RL-5471-2 — PE-53827 PE-53827-S DO5022P-224
L28 150 1.2 67144120 67144500 RL-5471-3 —_ PE-53828 PE-53828-S DO5022P-154
L29 100 1.47 67144130 67144510 RL-5471-4 —_ PE-53829 PE-53829-S DO5022P-104
L30 68 1.78 67144140 67144520 RL-5471-5 — PE-53830 PE-53830-S DO5022P-683
L35 47 2.15 67144170 — RL-5473-1 — PE-53935 PE-53935-S —

9.1.8 Output Voltage Ripple and Transients

The output voltage of a switching power supply operating in the continuous mode contains a sawtooth ripple
voltage at the switcher frequency, and may also contain short voltage spikes at the peaks of the sawtooth
waveform.

The output ripple voltage is a function of the inductor sawtooth ripple current and the ESR of the output
capacitor. A typical output ripple voltage can range from approximately 0.5% to 3% of the output voltage. To
obtain low ripple voltage, the ESR of the output capacitor must be low; however, caution must be exercised when
using extremely low ESR capacitors because they can affect the loop stability, resulting in oscillation problems. If
very low output ripple voltage is required (less than 20 mV), Tl recommends a post ripple filter (see Figure 45).
The inductance required is typically between 1 pH and 5 pH, with low DC resistance, to maintain good load
regulation. A low ESR output filter capacitor is also required to assure good dynamic load response and ripple
reduction. The ESR of this capacitor may be as low as desired, because it is out of the regulator feedback loop.
Figure 27 shows a typical output ripple voltage, with and without a post ripple filter.

When observing output ripple with a scope, it is essential that a short, low inductance scope probe ground
connection be used. Most scope probe manufacturers provide a special probe terminator which is soldered onto
the regulator board, preferably at the output capacitor. This provides a very short scope ground, thus eliminating
the problems associated with the 3 inch ground lead normally provided with the probe, and provides a much
cleaner and more accurate picture of the ripple voltage waveform.

The voltage spikes are caused by the fast switching action of the output switch, the diode, the parasitic
inductance of the output filter capacitor, and its associated wiring. To minimize these voltage spikes, the output
capacitor must be designed for switching regulator applications, and the lead lengths must be kept very short.
Wiring inductance, stray capacitance, as well as the scope probe used to evaluate these transients, all contribute
to the amplitude of these spikes.
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Figure 39. Peak-to-Peak Inductor
Ripple Current vs Load Current
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When a switching regulator is operating in the continuous mode, the inductor current waveform ranges from a
triangular to a sawtooth type of waveform (depending on the input voltage). For a given input and output voltage,
the peak-to-peak amplitude of this inductor current waveform remains constant. As the load current increases or
decreases, the entire sawtooth current waveform also rises and falls. The average value (or the center) of this
current waveform is equal to the DC load current.

If the load current drops to a low enough level, the bottom of the sawtooth current waveform reaches zero, and
the switcher smoothly changes from a continuous to a discontinuous mode of operation. Most switcher designs
(regardless how large the inductor value is) is forced to run discontinuous if the output is lightly loaded. This is a
perfectly acceptable mode of operation.

In a switching regulator design, knowing the value of the peak-to-peak inductor ripple current (Alyp) can be
useful for determining a number of other circuit parameters. Parameters such as, peak inductor or peak switch
current, minimum load current before the circuit becomes discontinuous, output ripple voltage and output
capacitor ESR can all be calculated from the peak-to-peak Alyp. When the inductor nomographs shown in
Figure 35 through Figure 38 are used to select an inductor value, the peak-to-peak inductor ripple current can
immediately be determined. Figure 39 shows the range of (Al,\p) that can be expected for different load currents.
Figure 39 also shows how the peak-to-peak inductor ripple current (Aljyp) changes as the designer goes from the
lower border to the upper border (for a given load current) within an inductance region. The upper border
represents a higher input voltage, while the lower border represents a lower input voltage (see Inductor Selection
Guides).

These curves are only correct for continuous mode operation, and only if the inductor selection guides are used
to select the inductor value

Consider the following example:
Vout = 5 V, maximum load current of 800 mA
Viny = 12 V, nominal, varying between 10 V and 14 V.

The selection guide in Figure 36 shows that the vertical line for a 0.8-A load current and the horizontal line for the
12-V input voltage intersect approximately midway between the upper and lower borders of the 68-pH inductance
region. A 68-uH inductor allows a peak-to-peak inductor current (Alyp) to a percentage of the maximum load
current. Referring to Figure 39, follow the 0.8-A line approximately midway into the inductance region, and read
the peak-to-peak inductor ripple current (Al,yp) on the left hand axis (approximately 300-mA p-p).

As the input voltage increases to 14 V, it approaches the upper border of the inductance region, and the inductor
ripple current increases. Figure 39 shows that for a load current of 0.8 A, the peak-to-peak inductor ripple current
(Alinp) is 300 mA with 12-V in, and can range from 340 mA at the upper border (14-V in) to 225 mA at the lower
border (10-V in).
Once the Alyp value is known, the following formulas can be used to calculate additional information about the
switching regulator circuit.
AlND 0.3
=11 — ) = | 0.8A + — ] = 0.95A

1. Peak Inductor or peak switch current (LOAD+ 2 ) ( i 2>

_Alnp _ 03

2. Minimum load current before the circuit becomes discontinuous~ 2 2 A
3. Output Ripple Voltage = (Aljyp) * (ESR of Coyr) = 0.3 A% 0.16 Q =48 mV,,,
_ Output Ripple Voltage (AVouT)
AlinD
_0o48v o
4. ESR of Cqyr 030°
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9.1.9 Open Core Inductors

Another possible source of increased output ripple voltage or unstable operation is from an open core inductor.
Ferrite bobbin or stick inductors have magnetic lines of flux flowing through the air from one end of the bobbin to
the other end. These magnetic lines of flux induce a voltage into any wire or PCB copper trace that comes within
the magnetic field of the inductor. The strength of the magnetic field, the orientation and location of the PC
copper trace to the magnetic field, and the distance between the copper trace and the inductor determine the
amount of voltage generated in the copper trace. Another way of looking at this inductive coupling is to consider
the PCB copper trace as one turn of a transformer (secondary) with the inductor winding as the primary. Many
millivolts can be generated in a copper trace located near an open core inductor, which can cause stability
problems or high output ripple voltage problems.

If unstable operation is seen, and an open core inductor is used, it is possible that the location of the inductor
with respect to other PC traces may be the problem. To determine if this is the problem, temporarily raise the
inductor away from the board by several inches and then check circuit operation. If the circuit now operates
correctly, then the magnetic flux from the open core inductor is causing the problem. Substituting a closed-core
inductor such as a torroid or E-core correct the problem, or re-arranging the PC layout may be necessary.
Magnetic flux cutting the IC device ground trace, feedback trace, or the positive or negative traces of the output
capacitor must be minimized.

Sometimes, placing a trace directly beneath a bobbin inductor provides good results, provided it is exactly in the
center of the inductor (because the induced voltages cancel themselves out). However, problems could arise if
the trace is off center. If flux problems are present, even the direction of the inductor winding can make a
difference in some circuits.

This discussion on open core inductors is not to frighten users, but to alert them on what kind of problems to
watch out for when using them. Open core bobbin or stick inductors are an inexpensive, simple way of making a
compact, efficient inductor, and they are used by the millions in many different applications.
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Figure 40. Junction Temperature Rise, TO-220
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- INPUT VOLTAGE (V)
Circuit Data for Temperature Rise Curve DDPAK Package (S)
Capacitors Surface mount tantalum, molded D size
Inductor Surface mount, Schott, 68 uH
Diode Surface mount, 3-A, 40-V, Schottky

Printed-circuit board 3 square inches single sided 2 oz. copper (0.0028")

Figure 41. Junction Temperature Rise, DDPAK

9.2 Typical Application

9.2.1 LM2598 Fixed Output Series Buck Regulator

Component Values shown are for Viy =15V, Voyr =5V, lLoap = 1 A.
120-pF, 50-V, Aluminum Electrolytic Nichicon PL Series

120-pF, 35-V Aluminum Electrolytic, Nichicon PL Series

3-A, 40-V Schottky Rectifier, LIN5822

68-uH, L30

Typical Values

*CSS: —0.1 ],lF

Cpetay: — 0.1 pF

Rpuiup: — 4.7k

Figure 42. Fixed Output Voltage Version
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Typical Application (continued)
9.2.1.1 Design Requirements
Table 3 lists the design parameters of this application example.

Table 3. Design Parameters

PARAMETERS EXAMPLE VALUE
Regulated output voltage (3.3 V, 5V or 12 V), Vout 5V
Maximum DC input voltage, V,y(max) 12V
Maximum load current, I oap(max) 1A

9.2.1.2 Detailed Design Procedure

9.2.1.2.1 Inductor Selection (L1)

1. Select the correct inductor value selection guide from Figure 35, Figure 36, or Figure 37 (Output voltages of
3.3V, 5V, or 12V respectively.) Use the inductor selection guide for the 5-V version shown in Figure 36.

2. From the inductor value selection guide, identify the inductance region intersected by the maximum input
voltage line and the maximum load current line. Each region is identified by an inductance value and an
inductor code (LXX). From the inductor value selection guide shown in Figure 36, the inductance region
intersected by the 12-V horizontal line and the 1-A vertical line is 68 puH, and the inductor code is L30.

3. Select an appropriate inductor from the four manufacturer's part numbers listed in Table 2. The inductance
value required is 68 pH. See row L30 of Table 2 and choose an inductor part number from any of the four
manufacturers shown. (In most instance, both through hole and surface mount inductors are available.)

9.2.1.2.2 Output Capacitor Selection (Cgoyr)

1. In the majority of applications, low ESR (Equivalent Series Resistance) electrolytic capacitors between 47 uF
and 330 pF and low ESR solid tantalum capacitors between 56 uF and 270 uF provide the best results. This
capacitor must be located close to the IC using short capacitor leads and short copper traces. Do not use
capacitors larger than 330 pF.

For additional information, see section on output capacitors in Output Capacitor (Coyr) section.

2. To simplify the capacitor selection procedure, see Figure 38 for quick design component selection. This table
contains different input voltages, output voltages, and load currents, and lists various inductors and output
capacitors that provide the best design solutions.

From Figure 38, locate the 5-V output voltage section. In the load current column, choose the load current
line that is closest to the current required for the application; for this example, use the 1-A line. In the
maximum input voltage column, select the line that covers the input voltage required for the application; in
this example, use the 15-V line. The rest of this line shows the recommended inductors and capacitors that
provide the best overall performance.

The capacitor list contains both through hole electrolytic and surface mount tantalum capacitors from four
different capacitor manufacturers. Tl recommends using both the manufacturers and the manufacturer's
series that are listed in Figure 38.

In this example aluminum electrolytic capacitors from several different manufacturers are available with the
range of ESR numbers required.

— 220-uF, 25-V Panasonic HFQ Series

— 220 pF, 25-V Nichicon PL Series
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Table 4. LM2598 Fixed Voltage Quick Design Component Selection Table
OUTPUT CAPACITOR
CONDITIONS INDUCTOR HROSH oS SURFACE-MOUNT TANTALUM
o] Lope TWAX PR | ucrance | woucron| FAVASONG [ eEoN | mocrs | sracue
V) A) V) (wH) ) (WFIV) (WFIV) (WFIV) (WFIV)
5 22 L24 330/16 330/16 220/10 330/10
7 33 L23 270/25 270125 220/10 270/10
! 10 47 L31 220/25 220/35 220/10 220/10
3.3 40 68 L30 180/35 220/35 220/10 180/10
6 47 L13 220/25 220/16 220/16 220/10
0.5 10 68 L21 150/35 150/25 100/16 150/16
40 100 L20 150/35 82/35 100/16 100/20
8 33 L28 330/16 330/16 220/10 270/10
10 47 L31 220/25 220/25 220/10 220/10
! 15 68 L30 180/35 180/35 220/10 150/16
5 40 100 L29 180/35 120/35 100/16 120/16
9 68 L21 180/16 180/16 220/10 150/16
0.5 20 150 L19 120/25 120/25 100/16 100/20
40 150 L19 100/25 100/25 68/20 68/25
15 47 L31 220/25 220125 68/20 120/20
. 18 68 L30 180/35 120/25 68/20 120/20
30 150 L36 82/25 82/25 68/20 100/20
12 40 220 L35 82/25 82/25 68/20 68/25
15 68 L21 180/25 180/25 68/20 120/20
0.5 20 150 L19 82/25 82/25 68/20 100/20
40 330 L26 56/25 56/25 68/20 68/25

The capacitor voltage rating for electrolytic capacitors must be at least 1.5 times greater than the output
voltage, and often much higher voltage ratings are required to satisfy the low ESR requirements for low
output ripple voltage

For a 5-V output, a capacitor voltage rating at least 7.5 V or more is required. But, in this example, even a
low ESR, switching grade, 220-pF, 10-V aluminum electrolytic capacitor would exhibit approximately 225 mQ
of ESR (see the curve in Figure 32 for the ESR vs voltage rating). This amount of ESR would result in
relatively high output ripple voltage. To reduce the ripple to 1% of the output voltage, or less, a capacitor with
a higher voltage rating (lower ESR) must be selected. A 16-V or 25-V capacitor reduces the ripple voltage by
approximately half.

9.2.1.2.3 Catch Diode Selection (D1)

1.

The catch diode current rating must be at least 1.3 times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output short, the diode must have a current rating equal to
the maximum current limit of the LM2598. The most stressful condition for this diode is an overload or
shorted output condition. See Table 5. In this example, a 3-A, 20-V, 1N5820 Schottky diode provides the
best performance, and does not overstressed even for a shorted output.

30

Submit Documentation Feedback Copyright © 1998-2016, Texas Instruments Incorporated
Product Folder Links: LM2598


http://www.ti.com/product/lm2598?qgpn=lm2598
http://www.ti.com
http://www.ti.com/product/lm2598?qgpn=lm2598
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS125D&partnum=LM2598

13 TEXAS

INSTRUMENTS
LM2598
www.ti.com SNVS125D —MARCH 1998—-REVISED MAY 2016
Table 5. Diode Selection Table
1-A DIODES 3-A DIODES
VR SURFACE MOUNT THROUGH HOLE SURFACE MOUNT THROUGH HOLE
scHoTTKyY | AIRAFAST | scHotTky | WIREFAST | scrotTy | IREEAST | scHottky | AIRE FAST

SK12 1N5817 IN5820

20V All of these SR102 All of these SK32 All of these SR302 All of these

diodes are rated diodes are rated diodes are rated diodes are rated
to at least 50 V. to at least 50 V. toatleast 50 V. | MBR320 | {0 at least 50 V.
SK13 1N5818 1N5821
30V | MBRS130 SR103 SK33 MBR330
11DQ03 31DQ03
SK14 1N5822
MBRS140 1N5819 SK34 SR304
oV 10BQ040 SR104 MBRS340 MBR340
10MQ040 MURS120 11DQ04 MUR120 30WQ04 MURS320 31DQ04 MUR320
5oy | MBRS160 10BF10 SR105 SK35 30WF10 SR305 30WF10

or 10BQO50 MBR150 MBRS360 MBR350
more | 10MQ060 11DQO05 30WQO05 31DQ05

2. The reverse voltage rating of the diode must be at least 1.25 times the maximum input voltage.

3. This diode must be fast (short reverse recovery time) and must be located close to the LM2598 using short
leads and short printed circuit traces. Because of their fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and efficiency, and must be the first choice, especially in low
output voltage applications. Ultra-fast recovery, or high-efficiency rectifiers also provide good results. Ultra-
fast recovery diodes typically have reverse recovery times of 50 ns or less. Rectifiers such as the 1N5400
must not be used because they are too slow.

9.2.1.2.4 Input Capacitor (Cy)

A low ESR aluminum or tantalum bypass capacitor is required between the input pin and ground to prevent large
voltage transients from appearing at the input. In addition, the RMS current rating of the input capacitor must be
selected to be at least ¥ the DC load current. The capacitor manufacturers data sheet must be checked to
assure that this current rating is not exceeded. Figure 31 shows typical RMS current ratings for several different
aluminum electrolytic capacitor values.

This capacitor must be located close to the IC using short leads and the voltage rating must be approximately 1.5
times the maximum input voltage.

If solid tantalum input capacitors are used, Tl recommends they be surge current tested by the manufacturer.

Use caution when using ceramic capacitors for input bypassing, because it may cause severe ringing at the Vg
pin.

The important parameters for the Input capacitor are the input voltage rating and the RMS current rating. With a
nominal input voltage of 12 V, an aluminum electrolytic capacitor with a voltage rating greater than 18 V
(1.5 x V) is necessary. The next higher capacitor voltage rating is 25 V.

The RMS current rating requirement for the input capacitor in a buck regulator is approximately ¥2 the DC load
current. In this example, with a 1-A load, a capacitor with a RMS current rating of at least 500 mA is required.
Figure 31 shows curves that can be used to select an appropriate input capacitor. From the curves, locate the
25-V line and note which capacitor values have RMS current ratings greater than 500 mA. Either a 180-uF or
220-puF, 25-V capacitor could be used.

For a through-hole design, a 220-uF, 25-V electrolytic capacitor (Panasonic HFQ series or Nichicon PL series or
equivalent) would be adequate. Other types or other manufacturers' capacitors can be used provided the RMS
ripple current ratings are adequate.

For surface-mount designs, solid tantalum capacitors are recommended. The TPS series available from AVX,
and the 593D series from Sprague are both surge current tested.
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9.2.1.3 Application Curves

20v

A 10V
ov

1A

B 0.5A

OA
50 mV
C AC/
div.
Continuous Mode Switching Waveforms
V|N =20 V, VOUT =5 V, ILOAD =1 A, L =68 }LH,
COUT =120 uF, COUT ESR = 100 mQ
A: Output Pin Voltage, 10 V/div.
B: Inductor Current 0.5 A/div.
C: Output Ripple Voltage, 50 mV/div.

Figure 43. Horizontal Time Base: 2 ps/div

A AC/

100 mv

div.

1A

B 0.5A
0A

Load Transient Response for Continuous Mode
VIN =20 V, VOUT =5V, ILOAD = 250 mA to 750 mA,
L =68 pH, Coyr = 120 pF, Coyt ESR =100 mQ

A: Output Voltage, 100 mV/div. (AC)

B: 250-mA to 750-mA Load Pulse

Figure 44. Horizontal Time Base: 100 ps/div
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9.2.2 LM2598 Adjustable Output Series Buck Regulator

Vout = VRer (’ + :—T)
where Vggg = 1.23 V

v
A = Ay (—VOUT - 1)
REF

Select R, to be approximately 1 kQ, use a 1% resistor for best stability.
Component Values shown are for V| =20V,

VOUT =10 V, ILOAD =1A.

Cin — 120 pF, 35-V, Aluminum Electrolytic Nichicon PL Series
Coutr — 120 pF, 35-V Aluminum Electrolytic, Nichicon PL Series
D1 —3-A, 40-V Schottky Rectifier, IN5822

L1 —100 pH, L29

R; —1kQ, 1%

R, —7.1kQ, 1%

Crr — 3.3 nF, See Feedforward Capacitor (Cgf)

Rrr — 3 kQ, See Feedforward Capacitor (Cgg)

Typical Values

Css—o.l l,lF

CpeLay—0.1 pF

RpuLL up—4.7 kQ

Figure 45. Adjustable Output Voltage Version

9.2.2.1 Design Requirements

Table 6 lists the design parameters for this application example.

Table 6. Design Parameters

PARAMETERS EXAMPLE VALUE
Regulated output voltage (3.3 V, 5V or 12 V), Vout 20V
Maximum DC input voltage, Vy(max) 28V
Maximum load current, I oap(max) 1A
Switching frequency, F Fixed at a nominal 150 kHz

9.2.2.2 Detailed Design Procedure

9.22.21

Programming Output Voltage

Select R; and R,, as shown in Figure 45.

Use Equation 1 to select the appropriate resistor values.

R
VouT = VREF (1 + H—f) where Vpep = 1.23V

@
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Select a value for R; with Equation 2 between 240 Q and 1.5 kQ. The lower resistor values minimize noise
pickup in the sensitive feedback pin. (For the lowest temperature coefficient and the best stability with time, use
1% metal film resistors.)

V
R2=R1(ﬂ—1)

VREF 2
Select R; with Equation 3 to be 1 kQ, 1%. Solve for R,.
VouTt 20V
Ro=Ry|==——1])=1k|—=-1
2 ! (VHEF ) (1.23V ) 3)
R, = 1k (16.26 — 1) = 15.26Kk, closest 1% value is 15.4 kQ.
R, = 15.4 kQ.
9.2.2.2.2 Inductor Selection (L1)
1. Calculate the inductor Volt « microsecond constant E « T (V ¢ us) with Equation 4.
EeT = (ViN — Vour — Vsam) ® V|NV?L\|/T5:TV+DVD. 1512?(0}_‘2 (Ve pus)
where
* Vg7 = internal switch saturation voltage =1 V
* Vp = diode forward voltage drop = 0.5 V 4)

Calculate the inductor Volt « microsecond constant (E ¢ T) with Equation 5.

20 + 0.5 1000
—=(Veps)

oT = —20—1)e — o
E (es-2 )28*1+0.5 150

20.5
276 ®6.67 (Ve pus)=348(Vepus) (5)

2. Use the E ¢ T value from the previous formula and match it with the E « T number on the vertical axis of the
see the inductor selection graphs in Figure 35 through Figure 38.

EeT =348 (Veupus)
3. On the horizontal axis, select the maximum load current.

EeT=(7)e

ILOAD(maX) =1A

4. ldentify the inductance region intersected by the E ¢ T value and the Maximum Load Current value. Each
region is identified by an inductance value and an inductor code (LXX).

From the inductor selection graphs in Figure 35 through Figure 38, the inductance region intersected by the
35 (V ¢ ps) horizontal line and the 1-A vertical line is 100 uH, and the inductor code is L29.

5. Select an appropriate inductor from the four manufacturer's part numbers listed in Table 2.

From the table in Table 2, locate line L29, and select an inductor part number from the list of manufacturers'
part numbers.

9.2.2.2.3 Output Capacitor Selection (Cgoyr)

1. In the majority of applications, low ESR electrolytic or solid tantalum capacitors between 82 pF and 220 pF
provide the best results. This capacitor must be located close to the IC using short capacitor leads and short
copper traces. Do not use capacitors larger than 220 pF. For additional information, see Output Capacitor
(COUT)-

2. To simplify the capacitor selection procedure, see Table 1 for a quick design guide. This table contains
different output voltages, and lists various output capacitors that provide the best design solutions.

From Table 1, locate the output voltage column. From that column, locate the output voltage closest to the
output voltage in your application. In this example, select the 24-V line. Under the Output Capacitor (Coyr)
section, select a capacitor from the list of through hole electrolytic or surface mount tantalum types from four
different capacitor manufacturers. TlI recommends that both the manufacturers and the manufacturers series
that are listed in Table 1 be used.

In this example, through hole aluminum electrolytic capacitors from several different manufacturers are
available:
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— 82-uF, 35-V Panasonic HFQ Series
— 82-pF, 35-V Nichicon PL Series

3. The capacitor voltage rating must be at least 1.5 times greater than the output voltage, and often much
higher voltage ratings are required to satisfy the low ESR requirements required for low output ripple voltage.

For a 20-V output, a capacitor rating of at least 30 V or more is required. In this example, either a 35-V or
50-V capacitor would work. A 35-V rating was chosen although a 50-V rating could also be used if a lower
output ripple voltage is required.

Other manufacturers or other types of capacitors may also be used, provided the capacitor specifications
(especially the 100 kHz ESR) closely match the types listed in Table 1. Refer to the capacitor manufacturers
data sheet for this information.

9.2.2.2.4 Feedforward Capacitor (Cgr)

For output voltages greater than approximately 10 V, an additional capacitor is required (use Equation 6; see
Figure 45). The compensation capacitor is typically between 50 pF and 10 nF, and is wired in parallel with the
output voltage setting resistor, R,. It provides additional stability for high output voltages, low input or output
voltages, or very low ESR output capacitors, such as solid tantalum capacitors.

1

Crr=T =73 on.
31 x 103 X Ry (6)

This capacitor type can be ceramic, plastic, silver mica, etc. (Because of the unstable characteristics of ceramic
capacitors made with Z5U material, they are not recommended.)

The table shown in Table 1 contains feedforward capacitor values for various output voltages. In this example, a
1-nF capacitor is required.

9.2.2.2.5 Catch Diode Selection (D1)

1. The catch diode current rating must be at least 1.3 times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output short, the diode must have a current rating equal to
the maximum current limit of the LM2598. The most stressful condition for this diode is an overload or
shorted output condition.

See Table 5. Schottky diodes provide the best performance, and in this example a 3-A, 40-V, 1N5822
Schottky diode is a good choice. The 3-A diode rating is more than adequate and does not overstressed
even for a shorted output.

2. The reverse voltage rating of the diode must be at least 1.25 times the maximum input voltage.

3. This diode must be fast (short reverse recovery time) and must be placed close to the LM2598 using short
leads and short printed circuit traces. Because of their fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and efficiency, and must be the first choice, especially in low
output voltage applications. Ultra-fast recovery or high-efficiency rectifiers are also good choices, but some
types with an abrupt turnoff characteristic may cause instability or EMI problems. Ultra-fast recovery diodes
typically have reverse recovery times of 50 ns or less. Rectifiers such as the 1N4001 series must not be
used because they are too slow.

9.2.2.2.6 Input Capacitor (Cyy)

A low ESR aluminum or tantalum bypass capacitor is required between the input pin and ground to prevent large
voltage transients from appearing at the input. In addition, the RMS current rating of the input capacitor must be
selected to be at least ¥ the DC load current. The capacitor manufacturers data sheet must be checked to
assure that this current rating is not exceeded. Figure 31 shows typical RMS current ratings for several different
aluminum electrolytic capacitor values.

This capacitor must be located close to the IC using short leads and the voltage rating must be approximately 1.5
times the maximum input voltage.

If solid tantalum input capacitors are used, it is recomended that they be surge current tested by the
manufacturer.

Use caution when using a high dielectric constant ceramic capacitor for input bypassing, because it may cause
severe ringing at the V,y pin.
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The important parameters for the input capacitor are the input voltage rating and the RMS current rating. With a
nominal input voltage of 28 V, an aluminum electrolytic aluminum electrolytic capacitor with a voltage rating
greater than 42 V (1.5 x V) is required. Because the the next higher capacitor voltage rating is 50 V, a 50-V
capacitor must be used. The capacitor voltage rating of (1.5 x V) is a conservative guideline, and can be
modified somewhat if desired.

The RMS current rating requirement for the input capacitor of a buck regulator is approximately % the DC load
current. In this example, with a 1-A load, a capacitor with a RMS current rating of at least 500 mA is required.

Figure 31 shows curves that can be used to select an appropriate input capacitor. From the curves, locate the
50-V line and note which capacitor values have RMS current ratings greater than 500 mA. Either a 100-uF or
120-pF, 50-V capacitor could be used.

For a through-hole design, a 120-uF, 50-V electrolytic capacitor (Panasonic HFQ series or Nichicon PL series or
equivalent) would be adequate. Other types or other manufacturers' capacitors can be used provided the RMS
ripple current ratings are adequate.

For surface-mount designs, solid tantalum capacitors can be used, but caution must be exercised with regard to
the capacitor surge current rating (see Input Capacitor (C,y)). The TPS series available from AVX, and the 593D
series from Sprague are both surge current tested.

9.2.2.3 Application Curves

100 mV
A AC/
div.

20V

A 10V
ov

1A

Bq 0.5A
DA

0 my
C AC/
div.

Discontinuous Mode Switching Waveforms
VIN =20 V|VOUT =5 V, ILOAD =600 mA, L=22 },LH,
COUT =220 uFrCOUT ESR =50 mQ

A: Output Pin Voltage, 10 V/div.

B: Inductor Current 0.5 A/div.

C: Output Ripple Voltage, 50 mV/div.

1A

B 0.5A
0A

Load Transient Response for Discontinuous Mode
Vin=20V, Vour =5V, lLoap = 250 mA to 750 mA,
L =22 pH, Coyt = 220 pF, Coyt ESR =50 mQ

A: Output Voltage, 100 mV/div. (AC)

B: 250-mA to 750-mA Load Pulse

Figure 46. Horizontal Time Base: 2 ps/div Figure 47. Horizontal Time Base: 200 ps/div
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10 Power Supply Recommendations

The LM2598 is designed to operate from an input voltage supply up to 40 V. This input supply must be well
regulated and able to withstand maximum input current and maintain a stable voltage.

11 Layout

11.1 Layout Guidelines

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring
inductance can generate voltage transients which can cause problems. For minimal inductance and ground
loops, the wires indicated by heavy lines must be wide printed circuit traces and must be kept as short as
possible. For best results, external components must be placed as close to the switcher IC as possible using
ground plane construction or single point grounding.

If open core inductors are used, take special care regarding the location and positioning of this type of inductor.
Allowing the inductor flux to intersect sensitive feedback, IC groundpath and Cqyr wiring can cause problems.

When using the adjustable version, special care must be taken as to the location of the feedback resistors and
the associated wiring. Physically place both resistors near the IC, and route the wiring away from the inductor,
especially an open core type of inductor (see Open Core Inductors for more information).

11.2 Layout Examples

bottom side top side (componen\ side)

DC INPUT
VOLTAGE
[—

le——x -
GROUND
l¢——o-

[——+
REGULATED

OUTPUT

VOLTAGE

Cin—150-puF, 50-V Aluminum Electrolytic, Panasonic HFQ series
Cout—120-pF, 25-V Aluminum Electrolytic, Panasonic HFQ series
D1 — 3-A, 40-V Schottky Rectifier, 1N5822

L1 — 68-uH, L30, Renco, Through hole

RputL-up — 10 kQ

Cpelay — 0.1 pF

Cspiss — 0.1 uF

Figure 48. Typical Through-Hole PCB Layout, Fixed Output (1x Size), Double-Sided, Through-Hole Plated
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Layout Examples (continued)

bottom side top side (component side)

DC INPUT
VOLTAGE
[—+

le———-
GROUND

REGULATED

OUTPUT
VOLTAGE

[—+

le———-
GROUND

Ciy — 150-pF, 50-V, Aluminum Electrolytic, Panasonic HFQ series
Cout — 120-pF, 25-V Aluminum Electrolytic, Panasonic HFQ series
D1 — 3-A, 40-V Schottky Rectifier, 1N5822

L1 — 68-uH, L30, Renco, Through hole

R1 —1kQ, 1%

R2—Use formula in Design Procedure

Ce—See Feedforward Capacitor (Cgp).

Rer—See Feedforward Capacitor (Cgg).

RpuLLup—10 kQ

Cperay — 0.1-uF

Cspiss — 0.1 uF

Figure 49. Typical Through-Hole PCB Layout, Adjustable Output (1x Size), Double-Sided, Through-Hole
Plated

11.3 Thermal Considerations
The LM2598 is available in two packages: a 7-pin TO-220 (T) and a 7-pin surface mount DDPAK (S).

The TO-220 package can be used without a heat sink for ambient temperatures up to approximately 50°C
(depending on the output voltage and load current). Figure 40 shows the LM2598T junction temperature rises
above ambient temperature for different input and output voltages. The data for these curves was taken with the
LM2598T (TO-220 package) operating as a switching regulator in an ambient temperature of 25°C (still air).
These temperature rise numbers are all approximate and there are many factors that can affect these
temperatures. Higher ambient temperatures require some heat sinking, either to the PCB or a small external heat
sink.
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Thermal Considerations (continued)

The DDPAK surface mount package tab is designed to be soldered to the copper on a printed-circuit board
(PCB). The copper and the board are the heat sink for this package and the other heat producing components,
such as the catch diode and inductor. The PCB copper area that the package is soldered to must be at least 0.4
in?, and ideally must have 2 or more square inches of 2 oz. (0.0028) in) copper. Additional copper area improves
the thermal characteristics, but with copper areas greater than approximately 3 in?, only small improvements in
heat dissipation are realized. If further thermal improvements are required, Tl recommends double-sided or
multilayer PCB with large copper areas.

Figure 41 shows the LM2598S (DDPAK package) junction temperature rise above ambient temperature with a 1-
A load for various input and output voltages. This data was taken with the circuit operating as a buck switching
regulator with all components mounted on a PCB to simulate the junction temperature under actual operating
conditions. This curve can be used for a quick check for the approximate junction temperature for various
conditions, but be aware that there are many factors that can affect the junction temperature.

For the best thermal performance, wide copper traces and generous amounts of PCB copper must be used in
the board layout. (One exception to this is the output (switch) pin, which must not have large areas of copper.)
Large areas of copper provide the best transfer of heat (lower thermal resistance) to the surrounding air, and
moving air lowers the thermal resistance even further.

Package thermal resistance and junction temperature rise numbers are all approximate, and there are many
factors that affect these numbers. Some of these factors include board size, shape, thickness, position, location,
and even board temperature. Other factors are trace width, total printed-circuit copper area, copper thickness,
single- or double-sided multilayer board, and the amount of solder on the board. The effectiveness of the PCB to
dissipate heat also depends on the size, quantity, and spacing of other components on the board, as well as
whether the surrounding air is still or moving. Furthermore, some of these components such as the catch diode
adds heat to the PCB and the heat can vary as the input voltage changes. For the inductor, depending on the
physical size, type of core material, and the DC resistance, it could either act as a heat sink taking heat away
from the board, or it could add heat to the board.
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12 Device and Documentation Support

12.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.2 Trademarks

E2E is a trademark of Texas Instruments.
SIMPLE SWITCHER is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution

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

12.4 Glossary

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

13 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @r5)
LM2598S-12/NOPB ACTIVE DDPAK/ KTW 7 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40 to 125 LM2598S K srralE
TO-263 Exempt) 12 P+ L
LM2598S-3.3/NOPB ACTIVE DDPAK/ KTW 7 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40 to 125 LM2598S Samples
TO-263 Exempt) -3.3 P+ =
LM2598S-5.0 NRND DDPAK/ KTW 7 45 TBD Call Tl Call TI -40 to 125 LM2598S
TO-263 5.0 P+
LM2598S-5.0/NOPB ACTIVE DDPAK/ KTW 7 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40to 125 LM2598S
TO-263 Exempt) 5.0 P+ L
LM2598S-ADJ/NOPB ACTIVE DDPAK/ KTW 7 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40to 125 LM2598S K srralEs
TO-263 Exempt) -ADJ P+ L
LM2598SX-12/NOPB ACTIVE DDPAK/ KTW 7 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40to 125 LM2598S Kl
TO-263 Exempt) 12 P+ L
LM2598SX-3.3/NOPB ACTIVE DDPAK/ KTW 7 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40 to 125 LM2598S el
TO-263 Exempt) 33P+ Pe
LM2598SX-5.0 NRND DDPAK/ KTW 7 500 TBD Call Tl Call Tl -40 to 125 LM2598S
TO-263 -5.0 P+
LM2598SX-5.0/NOPB ACTIVE DDPAK/ KTW 7 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40 to 125 LM2598S o
Samples
TO-263 Exempt) -5.0 P+
LM2598SX-ADJ/NOPB ACTIVE DDPAK/ KTW 7 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40 to 125 LM2598S Samples
TO-263 Exempt) -ADJ P+ =
LM2598T-12/NOPB ACTIVE TO-220 NDZ 7 45 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 125 LM2598T Samples
& no Sh/Br) -12 P+ =
LM2598T-3.3/NOPB ACTIVE TO-220 NDZ 7 45 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 125 LM2598T
& no Sh/Br) 3.3 P+ =
LM2598T-5.0/NOPB ACTIVE TO-220 NDZ 7 45 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 125 LM2598T Samples
& no Sh/Br) 5.0 P+ =
LM2598T-ADJ/NOPB ACTIVE TO-220 NDZ 7 45 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 125 LM2598T K rrales
& no Sh/Br) -ADJ P+ e

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

Addendum-Page 1



http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM2598?CMP=conv-poasamples#samplebuy

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 15-Feb-2016

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM2598SX-12/NOPB | DDPAK/| KTW 7 500 330.0 24.4 10.75114.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2598SX-3.3/NOPB | DDPAK/| KTW 7 500 330.0 24.4 10.75|14.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2598SX-5.0 DDPAK/| KTW 7 500 330.0 24.4 10.75|14.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2598SX-5.0/NOPB | DDPAK/| KTW 7 500 330.0 24.4 10.75|14.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2598SX-ADJ/NOPB | DDPAK/| KTW 7 500 330.0 24.4 10.75|1485| 5.0 16.0 | 24.0 Q2
TO-263

Pack Materials-Page 1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM2598SX-12/NOPB DDPAK/TO-263 KTW 7 500 367.0 367.0 45.0
LM2598SX-3.3/NOPB DDPAK/TO-263 KTW 7 500 367.0 367.0 45.0
LM2598SX-5.0 DDPAK/TO-263 KTW 7 500 367.0 367.0 45.0
LM2598SX-5.0/NOPB DDPAK/TO-263 KTW 7 500 367.0 367.0 45.0
LM2598SX-ADJ/NOPB DDPAK/TO-263 KTW 7 500 367.0 367.0 45.0

Pack Materials-Page 2
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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2N7000G

Small Signal MOSFET
200 mAmps, 60 Volts

N-Channel TO-92

Features

e AEC Qualified

e PPAP Capable

® ThisisaPb-Free Device*

MAXIMUM RATINGS

Soldering Purposes, 1/16” from case
for 10 seconds

Rating Symbol Value Unit
Drain Source Voltage Vpss 60 Vdc
Drain-Gate Voltage (Rgs = 1.0 MQ) VDpGR 60 Vdc
Gate-Source Voltage
- Continuous Ves +20 Vdc
- Non-repetitive (t, < 50 us) Vasm +40 Vpk
Drain Current mAdc
- Continuous 15} 200
- Pulsed Iom 500
Total Power Dissipation @ T¢ = 25°C Pp 350 mw
Derate above 25°C 2.8 mw/°C
Operating and Storage Temperature T3, Tstg | —55 to +150 °C
Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction-to—-Ambient Rgia 357 °C/W
Maximum Lead Temperature for T 300 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques

Reference Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2011

April, 2011 - Rev. 8

http://onsemi.com

200 mAMPS
60 VOLTS
Rps(on) =5 €
N-Channel
D
G
S
TO-92
CASE 29
STYLE 22
1
1
23 2 3
STRAIGHT LEAD BENT LEAD
BULK PACK TAPE & REEL
AMMO PACK

MARKING DIAGRAM
AND PIN ASSIGNMENT

/ \\
2N
7000

AYWW =

AL
Source 2 Drain

Gate

A = Assembly Location

Y = Year

WwW = Work Week

= = Pb-Free Package
(Note: Microdot may be in either location)

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

Publication Order Number:
2N7000/D



ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

2N7000G

Characteristic | Symbol Min Max | Unit |
OFF CHARACTERISTICS
Drain—-Source Breakdown Voltage (Vgs =0, Ip = 10 pAdc) V(BR)DSS 60 - Vdc
Zero Gate Voltage Drain Current Ipss
(VDS =48 Vdc, Vgs = 0) - 1.0 uAdc
(VDS =48 Vdc, Vgs=0,Ty= 125°C) - 1.0 mAdc
Gate-Body Leakage Current, Forward (Vgsrk = 15 Vdc, Vps = 0) lgssk - -10 nAdc
ON CHARACTERISTICS (Note 1)
Gate Threshold Voltage (Vps = Vgs, Ip = 1.0 mAdc) VGs(th) 0.8 3.0 Vdc
Static Drain—Source On-Resistance TDS(on) Q
(Vs =10 Vdc, Ip = 0.5 Adc) - 5.0
(Vgs = 4.5 Vdc, Ip = 75 mAdc) - 6.0
Drain-Source On-Voltage Vps(on) Vdc
(VGS =10 Vdc, Ip=0.5 AdC) - 25
(Vgs = 4.5 Vdc, Ip = 75 mAdc) - 0.45
On-State Drain Current (Vgs = 4.5 Vdc, Vpg = 10 Vdc) ld(on) 75 - mAdc
Forward Transconductance (Vps = 10 Vdc, Ip = 200 mAdc) Ots 100 - umhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss - 60 pF
: (Vbs =25V, Vgs =0, _
Output Capacitance f= 1.0 MH) Coss 25
Reverse Transfer Capacitance Crss - 5.0
SWITCHING CHARACTERISTICS (Note 1)
Turn-On Delay Time (Vpp = 15V, Ip = 500 mA, ton - 10 ns
Turn-Off Delay Time Rg =25 R =30 Q, Vgen = 10V) toff - 10
1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
ORDERING INFORMATION
Device Package ShippingT
2N7000G TO-92 1000 Units / Bulk
(Pb-Free)
2N7000RLRAG TO-92 2000 Tape & Reel
(Pb-Free)

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.

http://onsemi.com
2
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2N7000G

PACKAGE DIMENSIONS

TO-92 (TO-226)
CASE 29-11
ISSUE AM

NOTES:
1.

N
_f

STRAIGHT LEAD

DIMENSIONING AND TOLERANCING PER ANSI
; Y14.5M, 1982.
l C 1Y L BULK PACK 2. CONTROLLING DIMENSION: INCH.
R 3. CONTOUR OF PACKAGE BEYOND DIMENSION R
IS UNCONTROLLED.
p A 4. LEAD DIMENSION IS UNCONTROLLED IN P AND
T ] _ BEYOND DIMENSION K MINIMUM.
i L
SEATING | INCHES MILLIMETERS
PLANE __ Y K DIM[ MIN | MAX | MIN | MAX
A | 0175 | 0205 | 445 | 520
I 1 B | 0170 | 0210 | 432 | 533
C | 0125 | 0165 | 3.8 | 419
D | 0016 | 0.021 | 0407 | 0533
X D G | 0045 | 0055 | 145 | 1.39
N X]<_G H [ 0005 | 0105 [ 242 [ 266
J | 0015 | 0020 | 039 | 050
I Hr @ J K | 0500 | --- | 1270 | --—-
L0250 | - | 635 | ---
=V = -C N | 0080 | 0.105 | 204 | 266
j—— Pl - 0100 -—- | 258
SECTION X-X R ois | — | 203 ] -—-
T N v [ 0435 | - | 343 |
—>| N <—T
NOTES:
R— ™ A [~ (B BENT LEAD 1. DIMENSIONING AND TOLERANCING PER
ZAEREN Y TAPE & REEL ASME Y14.5M, 1994.
L _ 2. CONTROLLING DIMENSION: MILLIMETERS.
AMMO PACK 3. CONTOUR OF PACKAGE BEYOND
' DIMENSION R IS UNCONTROLLED.

4. LEAD DIMENSION IS UNCONTROLLED IN P
AND BEYOND DIMENSION K MINIMUM.

P
IlIT_

SEATING K MILLIMETERS
PLANE | DIM[ MIN_ | MAX
A | 445 | 520
B | 432 | 533
C | 318 | 419
D | 040 054
X|X le = G | 240 | 280
G J | 039 ] 050
@ J K| 1270 | ---
N | 204 266
—’I \ I‘_ c f P | 150 | 400
B R| 293 [ --
SECTION X-X V| 343 —
N STYLE 22:

- PIN1. SOURCE

2. GATE

3. DRAIN

ON Semiconductor and J are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
“Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All
operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights
nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
P.O. Box 5163, Denver, Colorado 80217 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 " . .
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Email: orderlit@onsemi.com Phone: 81-3-5773-3850 Sales Representative

2N7000/D



