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5 Device Comparison Tables

Table 1. DCHO1 Products

wooe, | MeuTvourace | TRT [ O oureureowen| SOTON | uceeno
(%) (mA) (kvDC)
DCHO010505S 5+ 10% 5 200 1 3 SIP-7
DCHO010512S 5+ 10% 12 83 1 3 SIP-7
DCHO010515S 5+ 10% 15 67 1 3 SIP-7
DCHO010505D 5+ 10% 5 +100 1 3 SIP-7
DCH010512D 5+ 10% +12 +42 1 3 SIP-7
DCHO010515D 5+ 10% +15 +33 1 3 SIP-7
Table 2. Part Numbering Scheme
PRODUCT LINE POWER V(l)’}l_l':l'x-{;E VOOUL-I‘;"Z%TE SINGLE/DUAL PACKAGE Cgl\III\IiIG TR':‘A'\I‘E%FI)ERT
DCH 01 05 05 S N 7
05=5V S = Single
H =3 kV, unregulated output | 01 =1W | 05=5V 12 =12V D = Dual N = SIP Thru-hole | 7 = SIP-7 Blank = Tray
15=15V

6 Pin Configuration and Functions

EDJ Package

7-Pin SIP (Single)

Top View

Il

EDJ Package
7-Pin SIP (Dual)
Top View

T 111

Pin Functions

PIN 1/0 DESCRIPTION
NAME EDJ (SINGLE) EDJ (DUAL)
-V, 2 2 | Input side common
+V, 1 1 | Voltage input
Vo 5 5 (@) —Voltage out
+Vo 7 7 (0] +Voltage out
COM — 6 — Output side common

Copyright © 2006-2016, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Input voltage (5-V input models) 7 \%
Storage temperature, Tgyg -55 125 °C

(1) 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.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
Vies)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101? +250 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
+V, Input voltage 4.5 55 \
Ta Operating ambient temperature -40 85 °C
7.4 Thermal Information

DCHO1 SERIES
THERMAL METRIC® (SIP-E?N]GLE) (smi?d AL) UNIT
7 PINS 7 PINS
Rosa Junction-to-ambient thermal resistance 66 66 °CIW
LAL Junction-to-top characterization parameter 3 3 °CIW
NAL: Junction-to-board characterization parameter 66 66 °CIW

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

Copyright © 2006-2016, Texas Instruments Incorporated
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7.5 Electrical Characteristics

At T, = 25°C and V, = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V, Input voltage All devices nominal 5 \%
DCH010505S 51
DCH010505D +5.2
Vnow  Output voltage 100% load @ sz:gigiizz +E': v
DCH010515S 15.2
DCH010515D +15.3
DCH010505S 10%
DCH010505D 9%
Load regulation 10% to 100% load® sz:gigii;z g:jo
0
DCH010515S 6%
DCH010515D 5%
DCH010505S 35
DCH010505D 20
Output ripple 100% LOAD® si:gigiiz iz mVpp
DCH010515S 31
DCH010515D 22
DCH010505x 60
lo Input current No load; 0% load DCHO010512x 65 mA
DCH010515x 65
DCHO010505x 72%
DCH010512S 74%
Efficiency 100% load® DCH010512D 75%
DCH010515S 75%
DCH010515D 76%
, ] DCH010505x & DCH010515x 3
Ciso Barrier capacitance DCHOL0512x 7 pF
Output power 100% full load 1@ w
Over current duration® 1| sec
Input voltage on V, -10% 10%
Isolation voltage 100% tested for 1 second 35 kvDC
Line regulation 1% change in V, 1%
Switching frequency (fsw) 70 kHz
Calculated reliability _F;fr:T:(I)SOCrdia SR-332, 50% stress, ;?:lzlil;tlim ;2 FITS

(1) 100% load current = 1 W / Vyowm typical.

(2) Load regulation = (Vg at 10% load — Vg at 100% load) / Vg at 100% load.
(3) This converter does not have continuous over-current protection.

Copyright © 2006-2016, Texas Instruments Incorporated 5
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7.6 Typical Characteristics
at T, = 25°C and V,y = 5 V (unless otherwise noted)

lo, Load Current (mA)
Figure 3. DCH010505S Load Regulation
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Figure 1. DCH010505S Efficiency Figure 2. DCH010505D Efficiency
5.7 5.8
Output 2 Load Current
N 100mA
5.6 5.7 <2 T o
— < DR R N 10mA
2 55 2 56 SR T
g & -
IS IS Rk T
5 54 s 55 ST
> > —_ s--
2 53 3 54 == —
2 > -~ —_——
@] (@] ———
5 5.2 - -
e R 5.3 \\
5.1 5.2
5.0 5.1
40 80 120 160 200 20 40 60 80 100

Output 1 Load Current (mA)
Figure 4. DCH010505D Load Regulation
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Figure 6. DCH010505D Ripple Voltage
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Typical Characteristics (continued)

at T, = 25°C and V,y = 5 V (unless otherwise noted)

80 80
I e
70 70 — = —=
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60 60 o =
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€ 50 = & 50 =" T
g 40 7 2 40 p—
s} / 2 el
E 30 7 5 a0 o
4 Output 2 Load Current
20 20 42mA
10 10 —_— — 21mA
----- 4mA
0 0
0 15 30 45 60 75 90 5 10 15 20 25 30 35 40 45
lo, Load Current (mA) Output 1 Load Current (mA)
Figure 7. DCH010512S Efficiency Figure 8. DCH010512D Efficiency
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Figure 9. DCH010512S Load Regulation Figure 10. DCH010512D Load Regulation
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Figure 11. DCH010512S Ripple Voltage Figure 12. DCH010512D Ripple Voltage
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Typical Characteristics (continued)

at T, = 25°C and V,y = 5 V (unless otherwise noted)
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Figure 13. DCH010515S Efficiency Figure 14. DCH010515D Efficiency
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Figure 15. DCH010515S Load Regulation Figure 16. DCH010515D Load Regulation
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Figure 17. DCH010515S Ripple Voltage Figure 18. DCH010515D Ripple Voltage
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Typical Characteristics (continued)

at T, = 25°C and V,y = 5 V (unless otherwise noted)
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Figure 19. Safe Operating Area (All DCHO0105 Products)
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8 Detailed Description

8.1 Overview

The DCHO1 series of DC/DC converters are 100% production tested at 3.5 kVDC for 1 second. The isolation test
voltage represents an operational isolation to transient voltages and must not be relied upon for safety isolation.

The continuous voltage that can be applied across the DCHO1 during normal operation must be < 60 VDC (within
SELYV limits).

8.1.1 Repeated High-Voltage Isolation Testing
Repeated high-voltage isolation testing can degrade the isolation capability of the DCHO1.

8.2 Functional Block Diagrams

+V, o

aln’

Power

T = T
-

Copyright © 2016, Texas Instruments Incorporated

0—| I—o

Figure 20. Single-Output Block Diagram

M I
T Power T
Vo - Controller % % 1 © COM
|< T O -V
T o

Copyright © 2016, Texas Instruments Incorporated

Figure 21. Dual-Output Block Diagram

8.3 Feature Description

8.3.1 Isolation
Underwriters Laboratories (UL)™ defines several classes of isolation that are used in modern power supplies.

Safety extra low voltage (SELV) is defined by UL (UL1950 E199929) as a secondary circuit which is so
designated and protected that under normal and single fault conditions the voltage between any two accessible
parts, or between an accessible part and the equipment earthing terminal for operational isolation does not
exceed steady state 42-V peak or 60 V¢ for more than 1 second.

10 Copyright © 2006-2016, Texas Instruments Incorporated
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Feature Description (continued)
8.3.1.1 Operation or Functional Isolation

Operational or functional isolation is defined by the use of a high-potential (hipot) test only. Typically, this
isolation is defined as the use of insulated wire in the construction of the transformer as the primary isolation
barrier. The hipot one-second duration test (dielectric voltage, withstand test) is a production test used to verify
that the isolation barrier is functioning. Products with operational isolation must never be used as an element in a
safety-isolation system.

8.3.1.2 Basic or Enhanced Isolation

Basic or enhanced isolation is defined by specified creepage and clearance limits between the primary and
secondary circuits of the power supply. Basic isolation is the use of an isolation barrier in addition to the insulated
wire in the construction of the transformer. Input and output circuits must also be physically separated by
specified distances.

8.3.1.3 Continuous Voltage

For a device that has no specific safety agency approvals (operational isolation), the continuous voltage that can
be applied across the part in normal operation is less than 42.4 Vgys or 60 Vpc. Ensure that both input and
output voltages maintain normal SELV limits. The isolation test voltage represents a measure of immunity to
transient voltages.

WARNING

Do not use the device as an element of a safety isolation system when SELV is
exceeded.

If the device is expected to function correctly with more than 42.4 Vrys or 60 Vpc applied continuously across the
isolation barrier, then the circuitry on both sides of the barrier must be regarded as operating at an unsafe
voltage. Further isolation or insulation systems must form a barrier between these circuits and any user-
accessible circuitry according to safety standard requirements.

8.3.1.4 Isolation Voltage

Hipot test, flash-tested, withstand voltage, proof voltage, dielectric withstand voltage, and isolation test voltage
are all terms that relate to the same thing: a test voltage applied for a specified time across a component
designed to provide electrical isolation to verify the integrity of that isolation. TI's DCHO1 series of dc-dc
converters are all 100% production tested at 3.5 kVp for 1 second.

8.3.1.5 Repeated High-Voltage Isolation Testing

Repeated high-voltage isolation testing of a barrier component can degrade the isolation capability, depending on
materials, construction, and environment. The DCHO1 series of dc-dc converters have toroidal, enameled, wire
isolation transformers with no additional insulation between the primary and secondary windings. While a device
can be expected to withstand several times the stated test voltage, the isolation capability depends on the wire
insulation. Any material, including this enamel (typically polyurethane), is susceptible to eventual chemical
degradation when subject to very-high applied voltages. Therefore, strictly limit the number of high-voltage tests
and repeated high-voltage isolation testing. However, if it is absolutely required, reduce the voltage by 20% from
specified test voltage with a duration limit of 1 second per test.

Copyright © 2006-2016, Texas Instruments Incorporated 11
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9 Application and Implementation

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.

9.1 Application Information

9.1.1 Optional Input and Output Filters

DCHO1 power modules include internal input and output ceramic capacitors in all their designs. However, some
applications require much lower levels of either input reflected or output ripple or noise. This application note
describes various filters and design techniques found to be successful in reducing both input and output ripple or
noise.

9.1.1.1 Input and Output Capacitors

The easiest way to reduce output ripple and noise is to add 1 or more ceramic capacitors each with a value of
4.7-uF or greater. Ceramic capacitors must be placed close to the output power terminals. A single 4.7-uF
ceramic capacitor reduces the output ripple or noise by 10% to 30%.

Switching regulators draw current from the input line in pulses at their operating frequency. The amount of
reflected (input) ripple or noise generated is directly proportional to the equivalent source impedance of the
power source including the impedance of any input lines. The addition of a 4.7-uF ceramic capacitor, near the
input power pins, reduces reflected conducted ripple or noise by 30% to 50%.

The recommended maximum capacitive load on the output of the DCHO1 is 100 pF (non-ceramic).

9.1.1.2 = Filters

If a further reduction in ripple or noise level is required for an application, higher order filters must be used. A «
(pi) filter, employing a ferrite bead inductor in series with the input or output terminals of the regulator reduces the
ripple or noise by at least 15-20 db (see Figure 22 and Figure 23). Ceramic capacitors are required for the
inductor to be effective in reduction of ripple and noise.

These inductors plus ceramic capacitors form an excellent filter because of the rejection at the switching
frequency. The placement of this filter is critical. It must be located as close as possible to the input or output
pins to be efffective. The ferrite bead is small (5.1 mm x 3 mm), easy to use, low cost, and has low dc resistance.
Fair-Rite manufactures a surface-mount bead (part number 2773019447) or through hole (part number
2673000701) rated to 5 A. Inductors with a value from 1 pH to 5 pH can be used in place of the ferrite bead
inductor.

1th05pH 1uHto 5 pH
Wi o L T iy Wour
T é‘ezaif.c Tczéfaﬁric DCHO1xxxxSN7
Vi o | Vin COM

Copyright © 2016, Texas Instruments Incorporated

Figure 22. DCHO1 Series = Filter
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Application Information (continued)

1uHto 5 uH 1puHto 5 puH
X . . +Vour
+in © *Vin +Vour T A0S T O
1 pF .4.7 pF
4TuF - —— 22uF DCHO1xxxxDN7 ~ COM L
Ceramic Ceramic _L —
TpuHto5pyH ——
-ViN —171 uF (™M —117 uF -V,
o— Vin Vout . . o TouT
Copyright © 2016, Texas Instruments Incorporated
Figure 23. DCHO1 Series = Filter (5 V at 1 W)

9.1.2 Start-Up
See Figure 24 for startup waveforms.

/ _ 1 Vi 5Vidiv :

9.1.3 Connecting the DCHO1 in Series

Vo 5V/div

I 100mA/div

It is possible to connect the outputs of multiple DCHO1s in series to provide non-standard voltage rails. The
outputs of dual output DCHO1 versions can also be connected in series to provide 2 x the magnitude of Vg (as
shown in Figure 25). For example, a dual 5-V DCHO1 could be connected to provide a 10-V rail.

YN o—— |+

l +10V
+Vour| O +Vour

DCHO1xxxxDN7 COM —

-V GND
L 1o

Figure 25.
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Connecting Dual Outputs in Series
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9.1.4 Connecting the DCHO1 in Parallel

If the output power from 1 DCHO1 is not sufficient, it is possible to parallel the outputs of multiple DCHO1s (as
shown in Figure 26).

tViN 0— |

-Vin O—

+Vour
+VIN +Vout O
DCHO1xxxxSN7
-VIN COM —_I_
+V|N +Vout
DCHO1xxxxSN7
-ViN

COM —_|
I —

Copyright © 2016, Texas Instruments Incorporated

Figure 26. Connecting Multiple DCHO1s in Parallel
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9.2 Typical Application

VIN =5V
o

DCH010505S
+V|

_VI

+Vo

Vo

VOUT =5V

O

— 47 uF
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Figure 27. Typical Application Schematic

9.2.1 Design Requirements

For this design example, use the parameters listed in Table 3 and follow the procedures in Detailed Design

Procedure.

Table 3. Design Example Parameters

PARAMETER VALUE
+V, Input voltage 5V
+Vo Output voltage 5V
lout Output current rating 200 mA

9.2.2 Detailed Design Procedure

9.2.2.1 Input Capacitor

For any DCHO1 design, select a 2.2-uF, low-ESR, ceramic input capacitor to ensure a good startup performance.

9.2.2.2 Output Capacitor

For any DCHO1 design, select a 4.7-pF, low-ESR, ceramic output capacitor to reduce output ripple.

9.2.3 Application Curves

80

70

60

50 /

Efficiency (%)

40 //
30

20

0 40 80

120
lo, Load Current (mA)

Figure 28. DCHO010505S Efficiency

160 200

1 Vi 5Vidiv

Vo 5Vidiv

.. v 100mA/div
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10 Power Supply Recommendations

The DCHO1 is a switching power supply, and as such can place high peak current demands on the input supply.
In order to avoid the supply falling momentarily during the fast switching pulses, ground and power planes must
be used to connect the power to the input of DCHO1. If this connection is not possible, then the supplies must be
connected in a star formation with the traces made as wide as possible.

11 Layout

11.1 Layout Guidelines
Carefully consider the layout of the PCB in order for the best results to be obtained.

Input and output power and ground planes provide a low-impedance path for the input and output power. For the
output, the positive and negative voltage outputs conduct through wide traces to minimize losses.

A good-quality, low-ESR, ceramic capacitor placed as close as practical across the input reduces reflected ripple
and ensure a smooth start-up.

The location of the decoupling capacitors in close proximity to their respective pins ensures low losses due to the
effects of stray inductance, thus improving the ripple performance. This location is of particular importance to the
input decoupling capacitor, because this capacitor supplies the transient current associated with the fast
switching waveforms of the power drive circuits.

11.2 Layout Example

Ul

<
@
®0
<
®
CI0)

C2
Vo ‘ ([ ] Vo ‘ ®

vo @
o @ ° o ®

Figure 30. DCHO1 Single Output Layout Figure 31. DCHO1 Single Output Layout
(Component-Side View) (Non-Component-Side View)
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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 TI's views; see TI'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 TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 HE

Test Equipment, E2E are trademarks of Texas Instruments.
Underwriters Laboratories (UL) is a trademark of UL LLC.
All other trademarks are the property of their respective owners.
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12.6 Glossary

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )
DCHO010505DN7 Active Production  SIP MODULE (EDJ) | 5 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCH010505DN7.B Active Production  SIP MODULE (EDJ) | 5 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCHO010505SN7 Active Production  SIP MODULE (EDJ) | 4 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCHO010505SN7.B Active Production SIP MODULE (EDJ) | 4 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCHO010512DN7 Active Production  SIP MODULE (EDJ) | 5 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCH010512DN7.B Active Production  SIP MODULE (EDJ) | 5 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCHO010512SN7 Active Production  SIP MODULE (EDJ) | 4 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCHO010512SN7.B Active Production SIP MODULE (EDJ) | 4 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCHO010515DN7 Active Production  SIP MODULE (EDJ) | 5 70 | TIW TRAY In-Work Call Tl N/A for Pkg Type -40 to 85
DCH010515DN7.B Active Production  SIP MODULE (EDJ) | 5 70 | TIW TRAY In-Work Call Tl N/A for Pkg Type -40 to 85
DCHO010515SN7 Active Production  SIP MODULE (EDJ) | 4 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85
DCHO010515SN7.B Active Production SIP MODULE (EDJ) | 4 70 | TIW TRAY Exempt Call Tl N/A for Pkg Type -40 to 85

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

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

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

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

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

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

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers

and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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All linear dimensions are in inches (mm).
This drawing is subject to change without notice.
2 place decimals are +0.030 (+0,76mm).
3 place decimals are £0.010 (£0,25mm).
Recommended keep out area for user components.
Pins are 0.020" (0,51) x 0.025" (0,64).
All pins: Material — Copper Alloy

Finish — Tin (100%) over Nickel plate
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