LM5115/5025A Evaluation
Board

Introduction

The LM5115/LM5025A evaluation board provides the design

engineer with a secondary side post regulated (SSPR) out-

put from an existing Active Clamp Forward topology. Infor-

mation on the LM5025A active clamp evaluation board can

be found in Application Note AN-1345. Note that other types

of isolated power converters (e.g. push-pull, half-bridge, and

full-bridge) can be used in the place of the LM5025A active

clamp forward converter to drive the LM5115 AC evaluation

board.

The evaluation board specifications are:

* Input voltage: 36V to 72V, 48V nominal on LM5025A

e Output voltage Main: 3.3V nominal

e Output current Main: 0 to 30A

e Current limit Main: =30A

e Output voltage Secondary: 2V

e Qutput current Secondary: 0 to 9A

e Current limit Secondary: =9A

e Measured efficiency on secondary only: 98% at 36V,
lload = 1A, 93% at 48V, lload = 4A

* Load regulation: 2mV change from 1A-7A, 36V < Vin <
72V

e Size: 2.0 x 1.125 x 0.375 in.

The printed circuit board consists of 4 layers of 2 0z copper

on FR4 material, with a thickness of 0.050 in. It is designed

for continuous operation at rated load with a minimum airflow
of 200 LFPM.
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Theory of Operation

The LM5115 controller contains all of the features necessary
to implement multiple output power converters utilizing the
Secondary Side Post Regulation (SSPR) technique. The
SSPR technique develops a highly efficient and well regu-
lated auxiliary output from the secondary side switching
waveform of an isolated power converter.

Synchronization of the LM5115 comes from the main pulsed
signal of the transformer secondary winding. Resistor R2
and R4 sense the pulsing signal to form an internal synchro-
nization signal and an internal current to charge the RAMP of
the LM5115. The LM5115 controls the buck power stage with
leading edge pulse width modulation (PWM) to hold off the
high side driver until the necessary volt*seconds is estab-
lished for regulation. Representative waveforms are shown
in Figure 4.

Bias to the part comes from a rectified pulse signal. Note that
the pulse signals vary from 6Vpp to 12Vpp, with Vin varying
from 36V to 72V, respectively. Therefore, the Vcc regulator
will not regulate at 7V until the peak to peak voltage is
slightly higher than 7.5V (accounting for the diode drop to the
bias). The intention was to show that with non-regulation on
Vce the LM5115 is still capable of providing the secondary
voltage of 2V from the main 3.3V. Adaptive deadtime control
delays the top and bottom drivers to avoid shoot through
currents (Figure 7 & 8).
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FIGURE 1. LM5025A Evaluation Board Top Side

20140301

© 2005 National Semiconductor Corporation AN201403

www.nhational.com

pieog uonenjeAas vGc0s/SLLSINT

89€I-NV



AN-1368

Theory of Operation (continued)
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FIGURE 2. LM5025A Evaluation Board Bottom Side
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FIGURE 3. LM5115 Evaluation Board
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Board Layout and Probing

Figures 1-3 show the board layout, main components, and
critical probe points for testing the LM5115 AC mode evalu-
ation board in conjunction with the LM5025A board. The
following notes should be considered prior to applying power
to the board:

1. Main input power (36V to 72V) is applied to points J1
and J4 of the LM5025A board, connected to VIN and
GND respectively.

2. The main current carrying components (LM5115 board:
L1, Q1, and Q2; LM5025A board L2, Q3-Q6) will be hot
to the touch at maximum load current. USE CAUTION.
When operating at load currents in excess of 5A the use
of a fan to provide forced air flow IS NECESSARY.

3. The diameter and length of the wire used to connect the
load is important. To ensure that there is not a significant
voltage drop in the wires, a minimum of 14 gauge wire is
recommended.

Board Connections/Start-Up

The input power connections are made to terminals J1 (+)
and J4 (-) of the LM5025A evaluation board. The input
source must be capable of supplying the load on both the
output of the LM5025A board and LM5115 board. The input
to the LM5115 is supplied by the secondary winding of the
LM5025A board. J7 (LM5025A) connects to J1 (LM5115)
and J10 (LM5025A) connects to J2 (LM5115) (see Figure
1-3). The main load is connected to terminals J9 (+) and J5
(-) for the LM5025. Terminals J3 (+) and J4 (-) are the load
connections for the LM5115. Before start-up, a voltmeter
should be connected to the input terminals and to the output
terminals. The input current should be monitored with an
ammeter or a current probe. Soft-start provided by the
LM5115 will insure that the output rises with a smooth turn
on without overshoot (Figure 12). The LM5115 evaluation
board will operate in the continuous conduction mode even
with a light or no load (Figure 4).

Performance LM5115 Secondary
Side Post Regulator

Performance of the LM5115 evaluation board can be seen in
the following figures:

Power Conversion Efficiency (Figure 5 & 6)

Gate Delays (Figure 7 & 8)

Short circuit response (Figure 9)

Step Load Response (Figure 10 & 11)

Startup and Shutdown Response (Figure 12 & 13)
Ripple Voltage (Figure 14)

Load Regulation (Figure 15)

Secondary Closed Loop Frequency Response (Figure
16)

© NOo oA~ N~

VCC
The LM5115 produces a LDO 7V regulated output (VCC)
that can supply up to 40mA of DC current. The VCC regula-

tor supplies power for the high current gate drive for the low
side MOSFET and the bootstrap capacitor of the high side
MOSFET driver.

Current Limit Operation

Inductor current is sensed through the parallel resistances of
R7, R8, and R9. The resistor values are designed for a
current limit of “9A. Current limiting occurs when the delta
voltage across the sense resistor exceeds 45mV causing the
current sense amplifier to pull down the combined CO and
COMP pins. Pulling COMP low reduces the width of pulses
to the high side driver, limiting the output current of the
converter. After reaching the current limit, the voltage feed-
back causes the COMP pin to rise and turn on the high side
driver until the inductor current again reaches the “9A cur-
rent limit threshold. (Figure 9).

The parallel resistance also serves to inject the inductor
current into the LM5115 feedback loop. Injecting a signal
proportional to the instantaneous inductor current into a
voltage mode controller improves the control loop stability
and bandwidth. Current injection, which is a form of average
current mode control, eliminates the lead R-C network in the
feedback path that is normally required with voltage mode
control. This not only simplifies the compensation but also
reduces sensitivity to output noise that could pass through
the lead network to the error amplifier.

In cases where a noisy current sense is present, adding a
low pass filter to the input of CS and VOUT can help restore
a cleaner waveform (Figure 18, R16 and C10). Care must
be taken not to have a large RC time constant to avoid
instability.

Foldback Current Limit

Current limit foldback can be implemented with the following
components: R17, R18, C10, D5, and R16 (see Figure 18).
At nominal output voltage (VOUT > 3V) D5 is reversed
biased and the current limit threshold is still "45mV. At lower
output voltage the resistor divider network along with the
forward biased diode (D5) will increase the voltage across
R16. In order to reach the 45mV current limit threshold, the
voltage across the sense resistor (R7-R9) is reduced due to
the increase in voltage across R16. Thus, the current limit is
reduced providing current limit foldback. The resistor divider
sets the voltage when current limit foldback kicks in and R16
sets the amount of current limit foldback.

A most common occurrence, that will prove unnerving, is
when the current limit set on the source supply is insufficient
for the load. The result is similar to having the high source
impedance referred to earlier. The interaction of the source
supply folding back and the UUT going into undervoltage
shutdown will start an oscillation, or chatter, that may have
highly undesirable consequences.

Optional DC Buck

LM5115 can also be configured as a DC buck regulator.
Information for the DC board can be found in LM5115 DC
application note and LM5115 datasheet.
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FIGURE 4. Representative Waveform

FIGURE 5. System Efficiency vs. Load Current and V,y
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FIGURE 6. Adjusted Efficiency on secondary side vs.
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V|n = 48V; LM5115 Load = 5.0A

CH1 = Lo Side Sw Gate Drive, 2V/Div.
CH2 = Hi Side Sw Gate Drive, 2V/Div.
Horizontal Resolution = 100 ns/Div.
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FIGURE 7. Gate Turn-on Delay
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FIGURE 8. Gate Turn-off Delay
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CH1 = Inductor Current, 5A/Div.

CH2 = COMP/CO, 1V/Div.

CH3 = High Side Switch Gate Drive, 5V/Div.
CH4 = Phase Signal, 5V/Div.

Horizontal Resolution = 10 ps/Div.
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FIGURE 9. Secondary Output Short Response
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Horizontal Resolution = 500 us/Div. 20140313
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FIGURE 13. Shutdown Response
FIGURE 10. Secondary Step Load Response
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20140311 FIGURE 14. Secondary Ripple Voltage

FIGURE 11. Cross Regulation Step Load
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FIGURE 12. Startup Response
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FIGURE 16. Secondary Closed Loop Response

www.national.com




AN-1368

pleog jen3 vS20SINT L1 3HNOIL

r

ir
pJeog 18A3 JY GTTGWT O3 1d8uuo)

L1€07402
aNo N9 N9
ao _
= 29n & 33n 14820201 T
zE::men g 2% anee'e
o1 ® v xﬂu S =410
sed < *x 5
4500'T W
- Z Z <STd
N =
mw as+ xs..oﬁ« . *xﬂu 5 INAS
aNo 8Ty - er
. ZT-THobU = = = = = =
1dgeeT N
z€d ¥ ZETOUT = %mwa.oH wezacH AGIT T
Jﬁ 1 . mﬂ_n_l PTY G
8€820dWI aNay QON9d
A "0Z = : za 1 ss g (2 L7190
‘et 200 2 4 I
(=1 eea s T oo oo y st Tos BT
4 VW a1no
zed anre’leTd oo om0
r o Is2 NIN i3
dosp /! MT = = = ¥}
8£820dHI 49024 7TED T y —4 % oon [ et
gs+ <0 $2d3 B _ eer nzze |yres =n EA2ES
xmmhv — |_|Nu pa] N =
Ted dasy . : = 499°8
N9 870> = - e nsz 2718 |4nTe@rR
ol = Aeez 4ANGT T =770
Aﬂ ZETOU 3 o _ 55
aen )
o1 Z d
o tu‘. a0sves m-ms b gz Looer ®
1 M $omd 440/N0
R 4dgoee AF@E | S 2% 230 e
B Fea 59 oty 1 I W =
sr 3door /! o6 Fog Adasy
822 8£820dHI ez 6T 8£820dHD ==01d
e £ N3NNI
X6'bZ it Z T .
b3 A0eTS 'GT -
AR 00020dWd 80 43M0d NIUW b3 4 48T <001
oL e & iz zey 26y
v z 8 T 66+
1z w m 1z7 T —Ph 3
1dggeT . o[Ce )
[ 5 € T
220== 8£820dWD
10 o
wiE »on
2 neget
_ inTe'e
= =)
e o0 = T oauﬁh sam.ﬂh :sa«h ne ﬁh E N e
s ser 44 pivas H_M:«.g dne| dnez| dner) odne o1, T e
2 u/N | 4nss 8£820dWD 610 ¥ €3 22 0
Dt - % T T T T TC™1 o
: : : : uIn
Sﬁﬁ,m&n ) ) (Al AW Ar HN9'G T i
20n 33N
TdL

a1ewayos 1naln uonediddy

www.national.com



dlewayds pieog [eng JV SLLSINT 81 IHNOIL

81e0v 102
Jiwi| Jua1IND Yoed-p|oj Juswa|dwi 0} papaau sjusuodwo) , :8JoN
ano
ano ES
P VIN VIN
0 SO + a adozy Zelyr
aNo W 80
PN aNe Lo yoey | AEE00 Jun
i) Y
. A 0 WA | (2 Mwn_,m *
M66 vA VIN Sy ed
ey W ’ W ane ano  ano
aNo [ od ane SLISNT
2100 1 anod  dawoo ano
NLY INOA VIN —— W dv0-ZON02ANS o al 00 [E d4doge ELIN
ano ano ano iz MSes ano 53,20 VN 1NOA v nﬂ ¥0 20
vr <  cuz 2100 r €a SO anov J_|
-
V8 s AAN (el dAVY
oane usmoH u_:mM u_:mM VN oY T07-EHSNO y SH S A
€10 Z10 1o 60 == va af OH  oms e
NOA I_| I_| I_| 2lo0 HNZ'Z MOO'L
X ! ! | ‘Mw? : YN oL 00N SVIEA [ ¥ g
s CC:CC W YW oL ™ >
RN, oLy oy
ano
daz6821S | f|els anLo
10 [+ GO == aNS aNo AWAH
|.m“_. qv nﬂ oL €
1 _ x . \_ W HINHOISNVL
8€820dNO LA EI o} Y e 8e82adINO I Nivin WO
€0
X
ano
O
aNo  Azi+
€dl  zdl

(penunuo0) - grpRWAYIS }INJJID uonedddy

89€L-NV

www.national.com



Bill of Materials

ITEM PART NUMBER DESCRIPTION VALUE
C 1 C3216X7R1E105K CAPACITOR, CER, TDK 1.0 pF, 25V
C 2 C2012X7R1H104K CAPACITOR, CER, TDK 0.1 pF, 50V
C 3 C3216X7R1E105K CAPACITOR, CER, TDK 1.0 yF, 25V
C 4 C2012COG1H331K CAPACITOR, CER, TDK 330 pF, 50V
C 5 C2012X7R1H104K CAPACITOR, CER, TDK 0.1 yF, 50V
C 6 Not Used
C 7 C2012C0OG1H223K CAPACITOR, CER, TDK 0.022pF, 50V
C 8 C2012C0OG1H471K CAPACITOR, CER, TDK 470 pF, 50V
C 9 Not Used
C 10 Not Used
C 11 C4532X750G686M CAPACITOR, CER, TDK 68 pF, 4.0V
C 12 C4532X750G686M CAPACITOR, CER, TDK 68 pF, 4.0V
C 13 C4532X7S50G686M CAPACITOR, CER, TDK 68 pF, 4.0V
D 1 CMPD2838E-NSA DIODE, SIGNAL, CENTRAL, SEMI
D 2 CMPD2838E-NSA DIODE, SIGNAL, CENTRAL, SEMI
D 3 Not Used
D 4 CMSH3-40L-NSA DIODE SHOTTKY, CENTRAL, SEMI CMSH3-40L
D 5 Not Used
J 1 2515-1-01-01-00-00-07-0 SOLDER TERMINAL SLOTTED, MILL-MAX
J 2 2515-1-01-01-00-00-07-0 SOLDER TERMINAL SLOTTED, MILL-MAX
J 3 5002 TERMINAL, SMALL TEST POINT, KEYSTONE
J 4 5002 TERMINAL, SMALL TEST POINT, KEYSTONE
R 1 CRCWO080510R0J RESISTOR, VISHAY 10
R 2 CRCWO08051001F RESISTOR, VISHAY 1.00 K
R 3 CRCW08054322F RESISTOR, VISHAY 43.2 K
R 4 CRCW08051153F RESISTOR, VISHAY 115 K
R 5 CRCWO080510R0J RESISTOR, VISHAY 10
R 6 Not Used
R 7 CRCW1206R012F RESISTOR, VISHAY , Newark # 06HO462 0.012
R 8 CRCW1206R012F RESISTOR, VISHAY , Newark # 06HO462 0.012
R 9 CRCW1206R012F RESISTOR, VISHAY , Newark # 06HO462 0.012
R 10 CRCWO080510R0J RESISTOR, VISHAY 10
R 11 Not Used
R 12 CRCW08058251F RESISTOR, VISHAY 8.25 K
R 13 CRCWO08054991F RESISTOR, VISHAY 4.99K
R 14 Not Used
R 15 CRCW08050000Z RESISTOR, VISHAY 0 OHMS
R 16 CRCW08050000Z RESISTOR, VISHAY 0 OHMS
R 17 Not Used
R 18 Not Used
Q 1 S17892DP MOSFET, N-CH, POWER S0-8 PKG, VISHAY S17892DP
Q 2 SUD70N02 MOSFET, N-CH, DPAK PKG, VISHAY SUD70N02
L 1 DR356-2-272 INDUCTOR, COOPER, DR127-2R2 2.2 uH - 12A
U 1 LM5115 CONTROLLER, SINGLE OUT, PWM, NATIONAL LM 5115
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PCB Layout(s)
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FIGURE 19. Top Silk Screen LM5115
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PCB Layo ut(s) (continued)

FIGURE 20. Top Layer LM5115
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PCB Layout(s) (Continued)

FIGURE 21. Layer 2 LM5115
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PCB Layo ut(s) (continued)

FIGURE 22. Layer 3 LM5115
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PCB Layout(s) (Continued)
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FIGURE 23. Bottom Layer LM5115, as Viewed from Top
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PCB Layout(s) (Continued)
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FIGURE 24. Bottom Silk Screen LM5115
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LM5115/5025A Evaluation Board
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Notes

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems

2.

which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result

in a significant injury to the user.

A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain
no “Banned Substances” as defined in CSP-9-111S82.

National Semiconductor
Americas Customer

Support Center

Email: new.feedback@nsc.com
Tel: 1-800-272-9959

&

www.national.com

National Semiconductor
Europe Customer Support Center
Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560
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Asia Pacific Customer
Support Center
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