ON Semiconductor®

Customer: ON Semiconductor Customer
Board Info: NCP1589A EVB
Power Rail: 2.5-3.3V at 8A
Date: 7/8/2011
Design Name: 1589A 2.5V-3.3V 8A

VR:|NCP1589A
Driver: |Internal to 1589
1 HS|NTFFS4930
1 LS|NTFFS4939

L:|1x 3.3 pH
Input Cap: MLCC 2 x 22.0uF
Bulk 0x 0.0uF
MLCC 4 x 10.0uF
Output Cap: Bulk 1x 470.0uF

Generic Reference Design

Design Notes:
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ON Semiconductor®

1589A 2.5V-3.3V 8A NCP1589A EVB
< Enter Design INFO in cells colored TOP
BOM
Functional Block RefDes MFG PIN Qty Value Notes:
Voltage Regulator Controller VRCL ‘ON Semiconductor NCP1589A 1 NCP1589A
Driver - - Internal to 1589 [
Control FET QHsT ON Semiconductor NTTFS4930 1 150 m0
Sync FET aust ON Semiconductor NTTF54939 1 21ma
Output Inductor Lout LouT2 Cooper Bussmann HCF1305-3R3 1 334
oo Cout_cer COUTS,6,7,8 TOK C2012X5R0/106M |4 10 uF
Cout_bulk CBULK_AS Oscon 6SEPCATOMX 1 470 uF
on Cin_cer CIN_A34 muRata GRMA 2-6X7R226k | 2 22 F
Cin_bulk - - - [
- EMPTY. 0 | EMPTY _|NoFilter Required
Input Filter
- EMPTY. 0| EMPTY __|NofFilter Required | w111
— RSNUB_2 1 10 < %
CSNUB_2 1 330 pF 3
RBST_2 1 10 128 r—
CBST 2 1 0.1 yF ]
FERDIvE RBST2_ 2 1 470 ;
RHGATEL 1 00 -
cH2 1 470 pF
CF2 1 330F
RF2 1 169 ko
CFB1 2 1 4.7 oF
Voltage Loop RFB1_2 1 205
RFB_2 1 301 k0
ROS1 1 1 301k0
ROS2 1 see notes 1 142 kQ_for 2.5V out; 963 0 for 3.3V out
RFB2 2 - 1 1.42 kQ_for 2.5V out; 963 0 for 3.3V out
RPHI_1 - [ Q
RCs1 1 EMPTY. [ Q
Lossless Current sensing Ced - = o LT
Rhtherm 4 - EMPTY. [ ka
RTCI 1 - EMPTY. [ ka
RTC2_1 - EMPTY. [ ka
ROCP_1V1 - - [ ka
Current Limit/Droop RDRP_1V1 - EMPTY. [ ka
CDRP_1VL - EMPTY. [ uF
Transient Enhancement RTRE_1 - EMPTY. [ ka
Enable 2 Juis
oN 2N7002LT16 1
1 10ka
Pgood 1 10 k0
1 301k
v RVCC2 1 2210
cvee Ve 1 14F
RIND RIND1 1 1000
Auillary RSENSE RSENSEL 1 0a BOTTOM
RBODE RBODE 1 1 100

\

CBULK_AS|




SCHEMATIC: REFER to Table for UPDATED Values

CNTRL+FET+out put filter Area:

20- 30A Area Goal = 1" x 1.5"
NCP1589A 8A / 2.5-3.3V 10- 20A Area Goal = 1" x 1"
<10A Area CGopal = 1" x 0.5"

Veel N to ONTRL 12v1
Vee & BST must N
e
- RBST2_1
2
;
12vV1
RN

12v1
R7 BAT54HTL N
10K il
R8 c
Paood 15A_PGOOD 1uF cm,ALLcm,Az_L LOCATE NEAR
g 22uF 22uF HS FETS
R9 1210 1210
3.01K = CBST_1 —L, Qns1 16v.x7R_| 16v.x7R
0.1uF .‘_} NTTFS4930N = =
—l
12v1 =— 10 1 bgood 8 BST
x _ e 1oA-TeA Vout - 8Amax
NCP1589A RHGATEL +
3 154 TG 0.0 CBULK_AS VeelsA
R10 5A_COMP. " TG oW, 1% 470uF
10K comp 10 LouTl 1
ENABLE —_— =
|_cH 1 2 15A SWN . ~ Y\
T—470pF PHASE 3.3uH
COUTlL COUTZLCOUTS—LCOUTLL
S 10uF 10uF 10uF 10uF
8 z 8 4 15 BG LS1 RSNUB_1
B 6 5 ee- Nrorsaaon 10 - 6.3V, X8R 6av.xsr | eav.xsr | 6av.xsr
SA_FB = = = =
o o ROCSET_
5.11k CSNUB_1
L cre11 = 330pF
N Vi RFB2.1 | RFB_.1 [ 47nF RIND1|
Vout vs. RFB Divider traal Sy e 0603 100
ROS2_1 ROS1_1 = = = 1116w, 1%
1.42k
Vout = 0.8V*(1 + RFB_1/RFB2_1) - 3.01K
= 205 1
RFB2_1 = RFB_1 x (0.8V / (Vout = RBODE 1 B AL <vecis
-0.8V)) AQK 15A Vsense LAYOUT NOTE:
TE0Y Miow T Connect vol tage feedback to Point of Load
NCP1589A = 300khz Fsw
Vout RFB_1 RFB2_1 ROS2_1
________________________________________ Vout ROCSET_1
2.5V 3. 01k 1.42kChm I 74 T

3.3V 3. 01k 963 Chm 963 Chm 2.5V 2.7k
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ON Semiconductor®

1589A 2.5V-3.3V 8A NCP1589A EVB

| |« EnterDesign INFO in cells colored

Design Operating Conditions
Parameter Spec Comments
Imax 8.0 A 1st order impact on inductor selection (Isat)
TDC 6.0 A 1st order impact on inductor & FET selection
IccDynamic 25A 1st order impact on decoupling and transient tolerance
di/dt 10 Alus Impacts decoupling and transient tolerance
DC Tolerance +/- 2.00 % Includes Ripple voltage
AC Tolerance +/- 3.00 %
Overshoot Allow 0mV
Efficiency 92 % at TDC
OCP of Imax 180 %
Load Line 0.00 mOhm

Test Conditions
Test Condition #1 VeIl 3.300V Vin=E¥X0A ldyn=| 25A IDC= 6.0A Imax= 8.0A Note: TC1 TC1 Label = 3.3Vout at 12Vin - TC1
Test Condition #2 Vel 2.500V Vin= X0l ldyn=| 25A IDC= 6.0A Imax= 8.0A Note: TC2 TC2 Label= 2.5Vout at 12Vin - TC2

Specifications & RESULTS
Test Information Test Condition #1 = 3.3Vout at 12Vin - TC1 Test Condition #2 = 2.5Vout at 12Vin - TC2

Name Parameters Spec Measured Result Comments Measurement Result Comments
TDC 92 94.1 % 92.8 %

Efficiency Max Efficiency 929 94.2% 92 92.9 %

Load Line Average 0.00 mOhm 0.00 mOhm 0.00 mOhm 0.00 mOhm

Fsw TDC | 300kHz | 298 kHz 300 kHz 299 kHz

—_— Output MAX 66 mV 26.943 mV. 50 mv 20.774 mV.
2 Input MAX 480 mv 27655 mV. 480 mv 237.128 mV

" Min Droop .0 % 0.86 % 3.0 117 %
Transient

Max Overshoot J 0.92 %
Bandwidth 28.5 kHz
Bode Phase Margin 45.00 ¢ 46.55 °
Gain Margin 10 dB 18.5 dB
DC Jitter Max 50 ns 19.2 ns
SWN Max Ring Peak 24V 22V
Startup EN to Vout > 90% 5 ms 0 ms
Shutdown EN# to Vout < 10% 100 ms 0 ms

OCP Setpoint DC load 14 A 13.8 A
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1589A 2.5V-3.3V 8A

[as]
>
L
<
(o)
[ve}
T}
-
o
O
Z

Efficiency

e
| |
e =
| |

| |
T T

R
| |
T

.
| |
T T

(%) Aousioy3

m==3.3Vout at 12Vin - TC1 - 1 HSXNTFFS4930-HS + 1 LSXN TFFS4939-LSV - Inductor

emm——2.5Vout at 12Vin - TC2 - 1 HSXNTFFS4930-HS + 1 LSXN TFFS4939-LSV - Inductor
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1589A 2.5V-3.3V 8A

3.3Vout at 12Vin - TC1 - HIGH Load Test

Transient Summary

Vout-Max

e e e I B R B =

‘out-Min

= *Goal Max
m— 1Goal Min

-r-T- - T T AT T T T T T T T T T Il

10.0 kHz 100.0 kHz

Load Frequency Rate

Transient Screen Captures:

1000.0 kHz

S :
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NCP1589A EVB

2.5Vout at 12Vin - TC2 - HIGH Load Test

Transient Summary

Vout-Max

Vout-Min
= =Goal Max

= =Goal Min

100.0 kHz
Load Frequency Rate

10.0 kHz 1000.0 kHz

at 12Vin - TC2 - HIGH Load Test at 3 kHz

v | ot | wops | e it | v [ 7]

[ HEP1539% Deric Beerd 1202 5V

£5 -3 A-Loa Stz

TR T T T T T T

1.26div

Chi Scale (B
30.4mV.

A Q) /.78

@ 30.4mV Offset:3.39V 500 By:20.0M
@) 20.0mV Offset:72.6mV 500 By:20.0M

@ 3481V
@ v
@ -184.528mv

Value Mean Min Max StDev  Count info
@ Vax [3.432v [3.430404 [3.421 [3.438 [3.516m [230.0
@ vin 3.352v, 3.3513413  [3.347 [3.367 [1.43m |230.0
Q&2 Hight  [B5.8mV__ [64.864417m [81.8m [89.8m 1647m _ [230.0
QD Low [57.8mv_ [59.310573m [55.4m 64.2m [1.585m [230.0

50.0us/div 50.0MS/s

Run
226 acqs
Man  July

20.0ns/pt
Sample

RL:25.0k
05, 2011 13:10:15

Ch1 Pasiticn (@)
800mdiv

Ch1Scale (p)
30.0mv

[ @ 30.0mV Offset:2.55v

[ @ s 1.78v

500 Fy:20.0M - 265V
@2 30.0mV Offset:72.6mV 500 Fy:20.0M 247V
==

50.0us/div 50.0MS/s  20.0ns/pt
Run Sample

ATSAmV 238 acqs RL:25.0k
Man  July 05, 2011 12:28 54

value Mean win Max StDev  Count Info
[2598v  T[a.595201 285 2.606 [4122m  [246.0
2528V [2.5236165 252 2536 [i268m  [zd6.0
}mT’muslm [F4d4m 3.4m 1284m __ [2460
‘ﬁﬁﬁmv ‘55.57826‘!“ |48.6m 58.2m [1.573m 246.0
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1589A 2.5V-3.3V 8A

NCP1589A EVB
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100mv Offset:3.32v 502 By:20.0M 2.0usidiv 1.0GSs 1.0nsipt s.avidiv M0 By:s00M 257av Run Average 16
5
@4 9-0vidiv 1MQ By:500M Run Averaga: @ 13423mv 1312aeqs RL:25.0k
1440 acqs RL:20.0k - ° Man  July 05, 2041 17:23:16
value Mean Min Max StDev  Count info Man  July 05, 2011 18:10:32
Mean  [3.287V  [3.2880756 [3.285 [o-29 222m  [88.0 . _
o~ [ 2ot J | v m " " StD Count _info
@ vax  [5.304v_ [3.5040645  [3.301  [5.307  [13%8m  [se0 [ value = Mean  Min M tDev _Coum
@D vin 5278V 32780342 [5.275 [5.281 1156m 880 @ Mean 2305V [2.4s62548  [2.485 il 2706p 320
@2 +DtyCye [5.387% 20245184 [1.24 lo7.68 2338 8.0 & Max 2.51v |2.5003512  [2.508 [2.51 356.60 320
@D +0tyCyc [5248%  [57.46579  [2853  [92.28  [2508 (880 jcll @ min [2.439V 2488 249 29724 [32.0
@& Freq [298.3kHz [298.34876k [298.1k | [s6-86 [e8-0 |Gl @& +DiyCyc [67.45% [30.39m lo9.25 32,61 32,0
@4 +DiyCyc® [29.03%  [29.046442  |29.01 |ee.08 [1571m_ [ss0 & @@ +oiyCyc [40.55% 3399 l98.35 24 20
@& Freq [299.3kHz [299.4183Bk |293.3k [298.5k 67.22 320
@& +DiyCyc-[21.58%  [21.570401 2152 [21.63 20.7m 320




ON Semiconductor®

= =—2.5Voutat 12Vin - TC2 at 8A Phase == =—2.5Vout at 12Vin - TC2 at 4A Phase
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1589A 2.5V-3.3V 8A NCP1589A EVB

Thermals at 3.3Vout at 12Vin - TC1 Thermals at 2.5Vout at 12Vin - TC2

Ambient = 230C Ambient = 230<C

Thermals @ 23T Ambient Thermals @ 23T Ambient

No Airflow Minimum Airflow  Measured Airflow
Component Temp Rise Temp Rise Temp Rise

No Airflow Minimum Airflow Measured Airflow
Component Temp Rise Temp Rise Temp Rise

1 Inductor 436C 206C [346C 116<CT 1 Inductor 411C 181 T |322C 9.2<C
2 LS FET 421C 19.1C [3840T 110<CT 2 LS FET 40.0C 170C [319T 89T
3 HS FET 442C 212<C |89T 129<C 3 HS FET 405C 175C |323T 93T
4 Controller/Driver 3.1 C 201TC 5T 115T 4 Controller/Driver 409C 179C [324<T 94T
5 Max Hot Spot 442C 21.2C B59C 129<C 5] Max Hot Spot 411C 18.1C |324C
(VENYQICTNNANECEN 442 C 21.2°TC |359C 129T (VEVEEETWWANEEEN 41.1C 18.1C | 324 T
LT  iomn | m o=  domn |

No Airflow No Airflow

SFLIR : SFLIR




