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1 Introduction

The UCC28230 evaluation module, is a 300-W intermediate bus converter, providing an unregulated
output voltage nominally at 9.6V at maximum 300 W of load power with basic isolation of telecom
standard between the primary and the secondary, operating from a dc input between 43 V and 53 V. The
EVM uses the UCC28230 intermediate bus controller which integrates built-in state of the art efficiency
boost features with high-level protection features to provide cost-effective solutions for intermediate bus
architecture applications.

CAUTION

Proper precautions must be taken when working with the EVM. High voltage
levels and temperature higher than 60 C are present on the EVM when it is
powered on.

2 Description

2.1 Typical Applications

Intermediate bus converters are key elements in intermediate bus architecture and widely used in telecom
and datacom areas. The EVM provides a platform to evaluate UCC28230 intermediate bus controller from
a telecom input voltage range at rated 300-W output power with possibility to extend the power rating to
500 W (consulting the factory how to make the power expansion).

2.2 Features

The UCC28230EVM features:

» 300-W Output Power Rating with Capability to Operate at 500 W (consulting factory how to make the
power expansion)

» High Efficiency Peak 96.5% and Over 96% at Full Load

e Unregulated Output Nominal 9.6 V

* Input DC Voltage Range Between 43 V and 53 V

» Wide Load Capacitance Range Between 0 uF and 10,000 pF

» Plenty of Test Points to Facilitate the Device Evaluation

* Prebias Load Turn-On

» Cycle-by-Cycle Current Limit

e Output Short Circuit Protection

» Regulation Down to Zero Output Current

» Module Size Close to Industry Standard Quarter Brick form Factor with Four Layer Board Layout
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Electrical Performance Specifications

Table 1. Electrical Performance Specifications

PARAMETER TEST CONDITIONS | miN [ TYP | mAX | uNITS
Input Characteristics
Voltage range ViN 43 53 Vbe
Input inrush current 8.5 A
. ) ViN =43 Vpg, lout=30 A 6.1 A
Maximum input current
ViNn =53 Vpg, lout =30 A 6.1
Output Characteristics
Output voltage Vout Vin: 43 - 53 Vpg, loyt: 0-30 A 8 9.6 10.8| Vpg
Load current1 Vin: 43 =53 Vpg 0 30 A
Continuous output power (" ViN: 43 - 53 Vg 300 w
Line regulation Vin: 43 - 53 Vpg, lout=0A 2 y
Load regulation ViN: 48 Vpg, loyt: 0-30 A 0.3
Ripple and noise (20 MHz BW) | V|y: 43 - 53 Vpg, loyt =30 A 50 75 | mVpk-pk
Start-up overshoot 5%
Load transient deviation 300 mV
ﬁ)h_c;rg circuit current threshold, Vin: 43 - 53 Vg 45 A
Max power limit ViN: 43 - 53 Vpg 450 w
Vo pre-bias start range Vin: 43 - 53 Vpe 0% 100%
Efficiency
Peak Vin =53 Vpg, lout=25A 96.5%
Vin =43 Vpg, lout =30 A 96.2%
Full load Vin =48 Vpg, lout =30 A 96.3%
Vin =53 Vpg, lout =30 A 96.4%
ViN=48 Vpe, lout=0A 48
Power losses ViN =48 Vpg, lout =15 A 6 W
Vin =48 Vpg, lout =30 A 10.5
Transformer turns ratio Primary turns to secondary turns 5:1
Operation temperature Full load, natural convection cooling 45 C

() 1. The module power rating can be expanded to 500 W. Consult factory before making power rating expansion.

SLUU331-July 2008
[Bubmit Documentation Feedbach

Intermediate Bus Converter 300-W Evaluation Module

3


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU331

www.ti.com

% TEXAS
INSTRUMENTS

hown in Eigure 1].

ICIS S

Schematics
The EVM schemat

Schematics

4

' 1 o1sve
r a QAN

9za Lz ozy . zo
L AM—
uoOIOS| JO I T
' (aND) u;mm,s\ﬁxﬂmm 151
i chdl . . 60 182 =] el
; 1 Av £y nmd\km(‘%
21> it
i any
I (ss)
|
gdl
' ELl y *5aL
= 2z
' 812 AVZZZTIBNN
! AOE LS %0 r w Elals
, 8 , {
' (52) 2dl y—4 o5
i b o o ju po |
I0QUIAS. SIU} UM paxiows syed syoindad Jou og N1/ i »G1ve N 20353 m 2
i 4 W g
! EMM 2 <a o o | maeczazoon
| Bol 8- 2 zn
i g m 2102108 a4
! Zo =z £
ol - - - = T &2
mmmmmmy . (0 " zD) Bdl E—EQLZPV
. e | Y
! ZL0 agdA
= HEILTIVH HE9LTIVH i/  HBYLTIWH N HBOLZIVH HBYLZIVH HE9LZLVH .
T . . . . . . . . I 100" |
. 3 4d pLy
LS ALE b1l LG LS ' > 8> X
SRR Ly Ziy ol ! j
< > !
3 ' LG
vS1ve 3 yoive ! + ]
60
b4 ﬂlc ﬁ?c o o sz,w; 60 moJ BJ &0 ! H N B H
n
| am | Pael va £a G L
Lcznsay v v e ¢ i< o
! OH M— n o
(1NIO) canr . . Tdl | < g OYSIvE VrSLYE Olssn  mHL
o'l g o —zfe"  ssA oot 7 z
Sd1 (1nua) [ ¥ (ZNY0) gaL r (con— ~{om o5 (aNOd) 01 IONT s+—{0TA
(zana) 20ZLZD0N % ay Zidl 8az.L2o0N
Sidl . £n Zeo't { g1 !N L
Lane I L
(zanoy {ZaNgo) == (san) HEL 1 ZLYH oo vfnthaa\c
X [ 112 1zdl’
1 +dl L 9 HELLZLYH (con)
vZdlL o L g r; <0 lvd ﬁmo adl

12
Ast| Ast| Aer| s W s 1 L) (oNad)
anzz | anzz| snzz| anzz g 2 AooL X 3 @LdL
¢| dnez| dnez| 4nez| il

o i i i g zms LMS)
£29| zzo| 20| eto BBR ez (zms) giau " (ms)
HnLe oaL oot oL
Elr44 Ly HEZLZLVH HELLZLVH 2
e 3L It 2 I
= L L o ) (zom
any rea | yon) @2eL »l 2
VAEZAREE 4nZ'Z, N rom &ldl
620 gzo 223 - 512 it
L|AE )
= AooBZ | 192001 A Aeat
T AppL| Azel| AcmL| Al .
' 81D (an) anzz| anzz| snzz| anzz dnze
e — - e 15 ==
szo | vzo P2 0 HALY
L1

SLUU331-July 2008
ocumentation Feedbac

mi

u

Figure 1. UCC28230EVM Schematic
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5.1

Test Setup

List of Test Point Location
The EVM provides plenty of test points to facilitate the device's evaluation work. All test points are divided

into two major groups, primary test points and secondary test points. Their locations are shown in

Eigure 3. The list below helps users to identify the functions of each test point.

YD SWi1 VG2 VG4 GND VDD GND2 DRN2 DRV2
P22 TP13 TP19 TP2@ TP12 TP14 TP4 TPE& TP2 1 1
Q9 Q1e
SW2 TP18 _ VOUT TP23
VG5 Tp2q i GND2 TP24
CT1 c17 1 i o8 5 o7
PGND TP17 1 Cc15 GND2
VG3 TP18 ‘ J2 |
, 02 |l o4 m Lz
\ 1 VOUT (—
[—1 -VIN
a3 || s ¥ "
L] 5 1 1 i \
Q11| Q14 || c29 |
T g o
VIN| % =
L L1 0
P10 L P, , Q13 | Q12
PGND
™7 P8 P9 TP18  TP5 TP3
cs &8 Qz_D GND2 DRN1 DRV1
Figure 2. Test Point Locations
Table 2. List of Test Points
PRIMARY TEST POINTS SECONDARY TEST POINTS
NAME REFDES CONNECTION NAME REFDES CONNECTION
Vin TP11 Module input VOUT TP23 Module output
voltage voltage
Module power Output power and
PGND TP10, 17 ground GND2 TP4, 15, 24 signal ground
Module signal
GND TP12 ground DRVA1 TP3 Q11-14 gate
VDD TP14 Device bias voltage DRN1 TP5 Q11-14 drain
VG2 TP19 Q2 gate DRV2 TP2 Q7-10 gate
VG3 TP18 Q83 gate DRN2 TP6 Q7-10 drain
VG4 TP20 Q4 gate VORIPPLE TP1 VOUT ripple
VG5 TP21 Q5 gate
Switch node
Swi P13 between Q2 and Q3
Switch node
SW2 TP16 between Q4 and Q5
Q2 D TP9 U6 pin 11 (Q1_D)
SS TP8 U6 pin 6 (SS)
CS TP7 U6 pin 7 (CS)
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5.2 Equipment

DC Input Source: The input source shall be a variable dc source capable of supplying between 40 Vp¢

and 55 Vpg with 10 Apc current rating.

Multimeters: Multimeters are used to measure the output voltage (DMM1), the input voltage (DMM3), the

output current (DMM2) and the input load current (DMM4).

Output Load: A programmable electronic load is recommended configurable for constant current mode

and capable of sinking 0 to 35 Apc from 8 Vpg to 11 Vpe. The output voltage can be monitored by

connecting a dc voltmeter, DMM1 to sense pins (TP23 and TP24) shown in Figure 3. A dc current meter,

DMM2, may be inserted in series with the electronic load for accurate output current measurements.

Similarly, the input voltage can be monitored by connecting a dc voltage meter to sense pins (TP10 and

TP11). The input current can be monitored by a dc current meter too. These are shown in Figure 3.

Oscilloscope: Set the oscilloscope channel to ac coupling with 20-MHz bandwidth.

5.3 Notes of Power Up and Power Down

The following steps are guidelines for power up and power down of the EVM.

1. An ESD workstation is recommended. Make sure that an ionizer is on before the EVM is removed from
the protective packaging and power is applied to the EVM. Electrostatic smock and safety glasses
should also be worn.

2. Power Up
a. Prior to connecting the dc input source, limit the source current 6.5 A maximum. Make sure the dc

source is initially set between 43 Vp and 53 V¢ prior to turning on. Connect the dc source to the
EVM as shown in Figure 3.

b. Connect the power meter as shown in Figure 3.

c. Connect the current meters DMM2 and DMM4 as shown in Figure 3

d. Connect the volt meter DMM1 and DMM3 as shown in _

e. For operation with a load, connect the electronic load to the EVM as shown in Figure 3. Set the
LOAD to constant current mode with initial value of 0 A.

f. Turn on the dc source and observe the output voltage. Since this is an output unregulated
converter, its output voltage is varying with both input voltage and load. Its output voltage varying
range is between 8.0 Vpc and 10.8 Vpg.

g. Vary the Load between 0 A and 30 A. The module is able to operating with higher current. For
operating with load current greater than 30 A, please consult the factory before doing so.

3. Power Down
a. Turn off the dc source.

b. Turn off the load.

6 Intermediate Bus Converter 300-W Evaluation Module SLUU331-July 2008
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Electronic Load
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Figure 3. Test Set Up for EVM Operation
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6.1

6.2

6.3

6.4

Test Procedure

Setup the EVM with equipment as shown in and following the test set up directions described in
Test Setup Section.

Line and Load Regulation

Set up the load to zero amperes and input voltage between 43 V and 53 V. Prior to turning on the power,
set up the input source current limit to 6.5 A to avoid potential damage, although the EVM has its power
limit typical 450 W. Turn on the input source. Reference test results of line and load regulation can be
found from Performance Data and Characteristic Curves Section.

Output Ripple

Along with the measurement of line and load regulation, the output voltage ripple can be measured at the
same time. The method of tip-and-barrel should be used for the output voltage ripple measurement. The
EVM provides such type of test point to facilitate the measurement for the type of oscilloscopes from
Tectronix as shown in Figure 3. Reference test results of the output voltage ripple can be found in
Performance Data and Characteristic Curves Section.

Efficiency

The efficiency may be calculated based on the test data obtained from Line and Load Regulation Section.
To correctly measure input and output voltage for the efficiency calculation, test points TP10 and TP11
should be used for input voltage measurement, and test points TP23 and TP24 should be used for output
voltage measurement. Reference results of efficiency can be found in Performance Data and
Characteristic Curves Section.

Others

The EVM provides plenty of test points to facilitate the device's evaluation work. presents a list of
test points. Users can use these test points to make measurement to the functions of their interest. The
test points are divided into two groups, namely primary side group and secondary side group. During the
measurement setup, be aware of the setup especially for different ground pick up. The EVM is designed
with 1500-V basic insulation of telecom standard between the primary and the secondary. As such there is
no common ground as reference point for the measurement to be made on both sides. In other words,
each side has its own ground to be used for measurement reference point. On the secondary side, the
ground is called GND2 with test points TP4, 15, and 24. On the primary side, two grounds are provided,
GND from test point TP12 as signal ground and PGND from test point TP10 and 17 as power ground.
During measurement, signal functions should be referenced to signal ground and power functions should
be referenced to power ground. In EVM design the two grounds are connected at one point, U6,
connecting pin 8 and pin 9 will connect GND and PGND together. This is the only location connecting the
two primary grounds. Performance Data and Characteristic Curves Section provides reference test results
of critical waveforms.

8
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7 Performance Data and Characteristic Curves

7.1 Line Regulation
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7.3 Efficiency
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7.5 Output Voltage Ripple
Tek Run: 10.0MS/s  Sample

7.6 Typical Waveforms
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............................................................ 9.9mv
16:58:35
Figure 8. Test Condition Vy =48 V,lo =10 A
Tek FIITiR 25.0M5/s ISBIATcgs

Chi
ch3

Figure 9. Test Condition: V|y =48V, o =10 A

PRV 20,0V % W10.0ms Ch27  37.2V 24 Apr 2008
500V % 14:39:04

Chi 20.0mvive, BB 20.0V & M2.000s ChZ 7 20.0V 25 Apr 2008

09:30:30

Figure 10. Top: Q3 Vpg; Bottom: CS Pin

Test Condition: Vy =48V, Il =10 A
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8 EVM Assembly Drawing and PCB Layout
through show the layout of the four-layer printed circuit board used for the EVM.
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Figure 11. PCB Top Assembly

Figure 12. PCB Top Copper
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9 List of Material

Table 3. UCC28230 List of Material

QTY REFDES DESCRIPTION MFR PART NUMBER
8 C1, C4, C7, Capacitor, ceramic, 100 V, X7R, 10%, 2.2 pF, 1210 Murata GRM32ER72A225KA35
C15, C16, C17,
C24, C25
1 C19 Capacitor, ceramic, 2000 V, 1000 pF, 1206 Johanson 202R18W102MV4E
Dielectrics
7 C2, C5, C6, Capacitor, ceramic, 16 V, X5R, 10%, 1 pF, 805 Murata GRM216R61C105KA88
C13, C14, C18,
c27
5 C20, C21, C22, | Capacitor, ceramic, 16 V, X5R, 10%, 22 pF, 1210 Murata GRM32ER61C226KE20
C23, C28
1 C26 Open, 805 STD STD
1 C29 Open, 0.150 x 0.400 in STD STD
3 C3, C11,C12 Capacitor, ceramic, 25 V, X7R, 10%, 0.1 pF, 805 Murata GRM21BR71E104KA01K
1 C30 Open, 1206 STD STD
2 C8, C10 Capacitor, ceramic, 50 V, X7R, 10%, 470 pF, 805 Panasonic ECJ-2VB2A471K
1 C9 Capacitor, ceramic, 16 V, X7R, 10%, 0.33 pF, 805 Murata GRM21BR71C334KA01K
1 CT1 Transformer, current sense, 20 A, 1:100, PA1005, SMD Pulse PA1005.100
2 D1, D7 Diode, Zener, 20 mA, 225 mW, 5%, 10 V, SOT23 Onsemi BZX84C10LT1G
1 D2 Diode, switching, 75 V, 200 mA, SOT23, BAS16 Onsemi BAS16LT1G
1 D3 Diode, dual schottky, 300 mA, 30 V, BAT54A, SOT23 ST BAT54A
1 D4 Diode, dual schottky, 200 mA, 30 V, BAT54C, SOT23 Vishay BAT54C
4 D5, D6, D8, D9 | Diode, schottky, 200 mA, 30 V, BAT54, SOT23 Diodes Inc BAT54-7-F
1 L1 Inductor, SMT, 26 A, 4.2 mQ, 0.47 pH, 0.255 x 0.270 in Vishay IHLP-2525CZ-01
1 L2 Inductor, SMT, 84 A, 0.96 mQ, open, 0.51 x 0.51 in Vishay IHLP5050
1 L3 Inductor, SMD, 48 A, 0.29 mQ, 0.1 uH, 0.283 x 0.433 in Vitec 59PR9871N
1 Q1 Bipolar, NPN, 80 Vceo, 500 mA, 350 mW, MMBTAO06, Fairchild MMBTAO06
SOT23
2 Q10, Q12 Open STD STD
4 Q2, Q3, Q4, Q5 | MOSFET, N-channel, 100 V, 25 A, 12 mQ, HAT2173H, Renesas HAT2173H
LFPAK
1 Q6 Bipolar, NPN, 40 Vceo, 600 mA, 350 mW, Fairchild MMBT2222AK
MMBT2222AK, SOT23
6 Q7, Q8, Q9, MOSFET, N-channel, 40 V, 50 A, 2.8 mQ, HAT2169H, Renesas HAT2169H
Q11,Q13,Q14 |LFPAK

SLUU331-July 2008
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Table 3. UCC28230 List of Material (continued)

QTY REFDES DESCRIPTION MFR PART NUMBER
1 R1 Resistor, chip, 59.0 kQ, 1/4 W, 1%, 59.0 k, 1206 Panasonic ERJ-8ENF5903V
4 210, R12, R14, | Resistor, chip, 51.1 kQ, 1/16 W, 1%, 603 Yageo RC0603FR-0751K1L

5
2 R11, R13 Resistor, chip, 1.0 Q, 1/8 W, 1%, 805 Panasonic ERJ-6ENF1ROV
316, R17, R18, | Resistor, chip, 1.0 Q, 1/16 W, 1%, 603 Yageo RCO0603FR-071R00L
19

1 R2 Resistor, chip, 105 kQ, 1/16 W, 1%, 603 Yageo RC0603FR-07105KL
3 R20, R22, R24 | Open, 603 STD STD
1 R21 Resistor, chip, 0.0 Q, 1/16 W, 1%, 603 Yageo RC0603FR-070R00L
1 R3 Resistor, chip, 12.4 kQ, 1/16 W, 1%, 603 Yageo RC0603FR-0712K4L
1 R4 Resistor, chip, 5.11 Q, 1/16 W, 1%, 603 Yageo RC0603FR-075R11L
1 R5 Resistor, chip, 15 kQ, 1/16 W, 1%, 1603 Yageo RC0603FR-0715K0L
2 R6, R8 Resistor, chip, 1.00 kQ, 1/16 W, 1%, 603 Yageo RC0603FR-071k00L
1 R7 Resistor, chip, 52.3 kQ, 1/16 W, 1%, 603 Yageo RC0603FR-0752K3L
1 R9 Resistor, chip, 1.96 kQ, 1/16 W, 1%, 603 Yageo RC0603FR-071K96L
1 T1 Transformer, planar magnetic, 1.34 x 1.50in Payton 71310
2 U1, U3 Device, 3-A peak, high-side low-side driver TI UCC27200DRM
1 u2 Device, unregulated dc-to-dc IBC, TSSOP-14 TI UCC28230PW

10 References
1. UCC28230 Advanced PWM Controller for Bus Converters, datasheet, SLUS814, June 2008.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
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