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Intel’s Bayley Bay-I CRB with TPS59641 and Tl dc-dc power

TPS59641 + TPS51604 + CSD86330 x2 for Vcore
Can use TPS59641 + TPS51604 + CSD87381P x 2 (Tl reference design)

Bayley Bay-I - Board
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Intel’s Bakersport CRB with TPS59641 and Tl dc-dc power

TPS59641 + TPS51604 + CSD86330 x2 for Vcore
Can use TPS59641 + TPS51604 + CSD87381P x 2 (Tl reference design)

Bakersport - Board
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TPS59641 powering VR12.1 Baytrail-l CPU in a COM
Express Module (55mm x 84mm)

CPU Phase TPS59641 Vcore PWM
GPU Phase
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TPS59641 powering VR12.1 Baytrail-l CPU in a COM
Express Module — discrete solution fits in 55mm x 84mm
module

CPU Phase +
GPU Phase Output Caps
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Baytrail-l Embedded PC Solution (dual core) — 1-stage conversion
(Bayleybay CRB)

CSD87330
M TLI\g;)Fng 3x3 Power Block _.L > VNN
Power Supply T ( Core)
TPS51604 CSD87330 -
2x2 FET Driver 3x3 Power Block
| I T veo
—_—————— -~ I (Graphics)
vce See Table 78 A CSD95379 Power Stage can be used for VNN =
- CORE_VCC_S3 e e

VNN

- UNCORE_VNN_S3 See Table 78 14 A

- f-
E:i —t— 5V System Rail
N

TPS51123 CSD86330 I

4x4-24p

—»

—Rx
—a

—~""—— 3.3V System Rail

7T\
TPS62130 — 3 1.0V CSD86330 _l_

3x3-10p
TPS62130 2.85V
3x3-10p
TP56213O
3x3-10p 1.8V

TPS62130
3x3-10p —» 1.5V

On Intel CRB

Alternate Tl recommendations

Supported By Reference Designs

TPS62160
3x3-10p 1.2V

TPS62160
3x3-10p 1.05Vv

RT8207* CSD87330
4x4 3x3 Power Block DDR3L VDDQ
Please use TPS51916*
» DDR3L VTT
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https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt

Baytrail-l Embedded PC Solution (dual core) — 1-stage conversion

CSD87381P
BT e SNV
Power Supply TPS59641 T (Core)
TPS51604 CSD87381P -
%2 FET Driver 3x2.5 Power Block
I VGG
I (Graphics)
vee See Table 78 1A
- CORE_VCC_S3
VAN See Table 78 144 ﬁ 5V System Rail
- UNCORE_VNN_S3 ee Table S i iimn e y
CSD87381P

ULQT]\I
3x3-20p

qH}
—x
TPS53312

N R CSD87381F
3x3-10p
TPS53312
3x3-10p

On Intel CRB

Alternate Tl recommendations

Supported By Reference Designs TZSPSSSing Low
x3-10p
— \oltage
TPS53312 Rails

TPS53312
TPS53312

e -~

[" Can use SWIFT: ! _
| 1) TPS53318/19 ! S I
| 2) TPS53513/15 } 12A SWIFT

1
1

|

—1— 3.3V System Rail

N o -

3.5x4.5
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https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt
https://sps05.itg.ti.com/sites/Power_Management/ps/cpm/team/Wenkais Space/Power_LDO_Overview.ppt

Baytrail-l Embedded PC Solution (dual core) — 2-stage conversion

CSD87381P
Y/ AV4 ¥4 aaaa 1 » VNN
POWGI’ Supply TPS59641 3x2.5 Power Block I ( Core)
6x6 - 48p [ 1
TPS51604 CSD87381P
2x2 FET Driver 3X2i35| POQNEF | VGG
0C H
N, ——— = I (Graphics)
vee See Table 78 1A CSD95379 Power Stage can be used for VNN =
- CORE_VCC_S3
VN See Table 78 144 TPS54020
- UNCORE_VNN_S3 10A iFET p(YYY T-> 3.3V
3.3x33 System Rail
Hot Rod QFN I
On Intel CRB

TPS53310 _
—> 3x3-10p
TPS53310
3x3-10p
Low
3x3-10
xS-10p L_Voltage
TPS53310 Rails
3x3-10p

Alternate Tl recommendations

Supported By Reference Designs

TPS53310
3x3-10p

TPS53310
3x3-10p

TPS53515
»DDR3L VDDQ

12A SWIFT
3.54.5 | TPS51206
DDR3L VTT
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TPS59641

3V to 28V, 3+1-phase Step-Down PWM Controller

* Conversion from 1-Cell Battery to AC/DC Adapter

for Intel Baytrail-M/D/I CPU

Features

* Input Voltage Range 3V to 28V

* IMVP7 SVID with VR12.1 VBOOT

« 2 integrated MOSFET drivers for CPU Core

« D-CAP+™ mode Architecture

» AutoBalance™ Phase-to-Phase Current Sharing

» Auto-Zero Comparator and Eco Mode™ operation
* Veore OSR™ Over Shoot Reduction

 All PWM Outputs can be configured as Driverless
* Veore USR™ Under Shoot Reduction

» 48L 6x6 QFN Package w/1mm Height

Applications

Intel Baytrail-M/D/I CPU Core Power
*Notebook Computers

*Desktop

*Tablet Computers

*Embedded Computers

«Aftermarket Car Infotainment

* Fully Compliant to Baytrail CPU specification

* Lower noise vs. competition with 3 integr. drivers

* >70% smaller Vout deviation vs. CM

* 95% phase-to-phase current balance for high-rel

* Accurate Light Load Detection and High Efficiency
Reduced Output Caps, Lower System Cost

* Reduced Output Caps, Lower System Cost
* High power density, excellent thermal performance

3-phase CPU
Controller

.| Internal

Use CSD97374 Power Stage for 3-chip 1+1 design

" FET Driver

A 4

| TPS51601

i

Internal

IMVP-7

Processar (¢ SVID Interface

A 4

FET Driver

| FET Driver

\

1-phase GPU
Controller

TPS59641

A 4

CPU Power Stage

L » VCC_CPU

TPS51601
FET Driver

GPU Power Stage

—» VCC_GFX

UDG-11062
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TPS59641 Pin Diagram
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BAYTRAIL-I POWER SPECIFICATIONS

Conditions VCC Rail (Core) VNN Rail (Uncore)
CPU Spec GPU Spec
Number of Phases 1 1
Input Voltage Range 5V-20V 5V-20V
VCC VID Max 1.0V 1.05V
VBOOT 1.0VorllV 1.0VorllV
lcc Max 9A 10A
Icc Dyn 7A 8A
lcc-Tdc 4A 7A
Load Line 5.9mOhm 5.9mOhm
Fast Slew rate 10mV/us 10mV/us
12
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BAYTRAIL-| POWER SPECIFICATIONS (Intel EDS,
DOC#538136

Table 65. VCC and VNN Currents

SKU VCC Icc Max | VNN Icc Max
E3845 9 10
E3827 4 10
E3826 4 10
E3825 4
E3815 2

9.3.1 VCC and VNN Voltage Specifications

Table 66 and Table 82 list the DC specifications for the SoC power rails. They are valid
only while meeting specifications for junction temperature, clock frequency, and input
voltages. Care should be taken to read all notes associated with each parameter.

Table 66. VCC and VNN DC Voltage Specifications

Symbol Parameter Min Typ Max Unit Note
CORE_VCC VID Core VID Target Range 0.40 1.0 v
CORE_VCC_S3 V¢ for SoC Care See VCC VID \Y 2,5
UNCORE_VNN VID Uncore VID Target Range 0.50 1.05 v
UNCORE_VNN_S3 Wy for SoC Uncore See VNN VID v 2,5
CORE_VCC/ Default target Veo/Vyy voltage for 1.0 or Y 4
UNCORE_VNN initial power up. 1.1
Veoot
SLOPE L Processor Core Supply DC Loadline -5.9 mQ | Figure 15

i3 TExas
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BAYTRAIL-I LOADLINE

Figure 15. CORE_VCC_S3 and UNCORE_VCC_S3 SoC Loadline

VID

V_TOB_Imin

i

1

|---r

AAA
vV V\
L
2 Line +Ripple
+AVP Tolerance /\
AN/
A VvV V
V_TOB_Imax
AVP Tolerance Y

-Ripple

Icc Max

14
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CPU POWER SPEC TESTING

Enter the name of the voltage rail being tested[[ CORE 7]

Mormal Operating Mode

Voltage Rail Parameters from Table in Design Guide
Loadline

Test VID in Turbo Mode

Test VID in Low Frequency Mode

V_TOB_IMAX of a VID in P50,

It may be a %t determined by the VID like 1.0 ar 1.5,
or fixed value in mY, like 16mY,

TOR in P52

Peak +/- Ripple in P50 below TDC

Peak +/- Ripple in P50 at currents above TDC+30% (may be the same as below TDC)
+ Ripple in P52

Ripple in P52

Thermal Design Current

Max Current for the rail

Dynamic step size in of VID1 in P50

Maximum Cwershoot Above VID

Maximum Overshoot Time Above VID

Variables
R_DC_LL
R_AC_LL_MAX
VID1
VID2

V_TOB_IMAX in PS0
V_TOB_Imax_P52
P50 Ripple
PS0_TDP Ripple
+ P52 Ripple

- P52 Ripple
I_TDC

Iccvax
Icc_Dyn_VID1
VOWS_MAX
HOvS_MAX

Values

Units

VR Design Dependant Test Parameters Variables Values Units
W_TOB_IMin for VID of 1.15 valts V_TOB_Imin_VID1| 5.75 mv
V_TOB_IMin for VID of 0.7 volts V_TOB_Imin_VID2 8 mv
V_VR_TOB_IMax for VID of 1.15 volts V_VR_TOB_Istep VID1 17 my
VID1 Efficiency Target at TDC Eff 85% Oa
Typical Test Parameters Variables Values Units
Max Dynamic Current in P50 IccMax_PS0 8 A
Max Dynamic Current in P52 IccMax_PS2 0 A
TOBE at ICCMax VID of 1,15in P50 V_TOB_Imax 17 my
Transient Slew Time didt 200 ns
dvID Setting Time dvID_Sette a ps
SetVID_Fast Value is either 10mVjus or 20mVfus. Verify in VR controller datasheet SetVID_FAST 10 my/us
i3 TExas
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GPU POWER SPEC TESTING

Enter the name of the voltage rail being tested[ 6B ]

Normal Operating Mode

Voltage Rail Parameters from Table in Design Guide

Loadline

Test VID in Turbo Mode

Test VID in Low Frequency Mode and P52
V_TOB_IMAX of a VID in P50,

It may be a % determined by the VID lke 1.0 or 1.5,
or fixed value in my, like 16mv,

TOB in P52

Peak +/- Ripple in PS0 below TDC

Peak +/- Ripple in P50 at currents above TDC+305%6 (may be the same as below TDC)
+ Ripple in PS2

Ripple in P52

Thermal Design Current

Max Current for the rail

Variables

R_DC_LL
R_AC_LL_MAX
VID1
VID2

V_TOB_IMAY in PSO
V_TOB_Imax_PS2
PS0 Ripple
PS0_TDP Ripple

+ P52 Ripple

- PS2 Ripple

I_TDC

IccMax

Values

Units

J

N

Dynamic step size in of VID 1 in P50 Icc_Dyn_VID1
Maximum Cvershoot Above VID VOwS_MAK
Maximum Cvershoot Time Above VID HOwS_MAK _//
VR Design Dependant Test Parameters Variables Values Units
V_TOB_IMin for VID of 1.05 valts V_TOB_Imin_VID1| 5.25 mv
V_TOB_IMin for VID of 0.7 volts V_TOB_Imin_YID2 8 mv
V_YR_TOB_IMax for VID of 1.05 volts V_YR_TOB_Istep VID1 15 my
VID1 Efficiency Target at TDC Eff B83% Do
Typical Test Parameters Variables Values Units
Max Dynamic Current in PS0 IccMax_Ps0 7 A
Max Dynamic Currentin P52 IccMax_PS2 0 A
TOB at ICCMax VID of 1.05in P50 V_TOBE_Imax 15 my
Transient Slew Time didt 200 ns
dVID Setting Time dVID_Settle 2 ps
SetVID_Fast Value is either 10mVjus or 20mVus, Verify in VR controller datasheet SetVID_FAST 10 my/us
i3 TExas
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Efficiency and load line

INSTRUMENTS

1.1600 100.00%
90.00%
1.1500
80.00%
—— VID1 Loadline MinV @ I_Min Max V @ I_Min s | el LL ¢ Efficiency
70.00%
1.1400
s 60.00%
Q
(o]
8
§,. 1300 50.00%
5
s
3 40.00%
1.1200
30.00%
20.00%
1.1100
10.00%
1.1000 0.00%
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Load Current (A)
TexXAs




Load transient (PSO -1A to 8A, 8A to 1A)

Fite | £t | Vertcal | Horizs o : Measure | Mask | Matn | MyScope | Analyze | utiites | Heip [ Tek M
—

Gurst X Pos g
-a00ps

Gurst Y Pos ()

116V

©» soviav 1MQ Byzo.om 100ps/div 100MS/s  10.0ns/pt

©D s.ovidiv MO By:20.0M - — - Ru Sample
T 200mVidiv MQ By:20.0m 3375 acqs RLA00K

D 20.0mV OffsotAA3 500 Byi20.0M Auto September 12, 2043 00:11:42

Fie | £t | Verteal | Horiziaca | Trg | Dispiay | Cursors | easure | Masic | watn | Myscope | anaiyze | usites | retp ([}
2l

File | Edit | Verica | Horizaca | Trg | Display | Cursors | Messurs | Mask | Matn | MyScope | Analyze | unities | weip | [
VT
Curs1 X Pos gy XPos g
-46.0ps 1.92div

Cursi ¥ Pos () YPos @

1.26div

©® soviaiv M2 By:20.0m [20.0us/div S00MSls  2.0ns/pt — s

D s.ovidiv 1MQ 8y:20.0M — | Ru Sample 1 1MQ §,:20.0M P 10.0ps/div 1.0GS/s 1.0ns/pt
TP 200mvidiv M2 y:20.0M 1349 acqs RLi100K MO By:20.0M -
@D 30.0mV Offse

Ru Sample
Auto  September 12,2013 00:1 AT 200mV/div. 1Ma §y:20.0M K 344 acqs RL:100k

so 500 8,:20.0M E Auto September 12, 2013
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File | Edit | Vertieal | H

Dmic VID in PSO

tyze | Utiities | Heip |
Cursz X Pos gy Curs1 X Pos gy

73,50 0738
Gurs1 Y Pos (3

Curs2 ¥ Pos ()
1.92v

147V

AR P A

W
WY

Ao,
i, f h ‘ M

W { % !
%WWWMW‘M‘MWWW ’WWNMWM\‘MWM‘M\

I e ————————————
(@e™ /1159 | 10.0psrdiv 2 5.0nsipt
Single Seq 1

MO By:20.0M
1 acqs RL

ETB50.16mv.
3 500 #y:20.0M
500 By20.0M

500 Hy:20.0M
Auto  September 15,

ETH 40.0mV Offsot:.14v 500 By:20.0M || 7T [z 006k
EIW 40.0mV Offsot:1 14V

X Pos
1.96div
Y Pos

1.14div

<

A A AN AR A

AR RRVERS SR RN ERTEN N RN SRR
10.0us/div 200MS/s 5.0ns/pt

€ 8.0vidiv 1mMQ By:20.0M
@ 1ovidiv M0 8y:20.0M r 1
AT 3.0vidiv 500 By:20.0Mm ® 131 acqs RL:20.0k

Auto  September 15, 2013, 9 1 9

AT 40.0mV 114V 500 By:20.0M

13 TEXAS
INSTRUMENTS




TPS59641 Design Calculator Tool

TP559641 (VR12.1 CPU and GPU Vcore) Design Procedure with DCR Sensing Temperature Compensation

Example: Baytrail-M CPU
INSTRUCTIONS

1. When you open this file Click on "Enable Macros' when the prompt appears

2. This Program has a Macro to calculate an optimized set of DCR sense component values.
3. You need the Excel Add-in "Solver" to use this Program. Go to Tools -> Add-in. Check the box "Solver" and "Analysis Tool-pak’

4, Enter the parameters in Green Cells

5. DO NOT CHANGE ANY CELLS OTHER THAN GREEN CELLS

6. The Program automatically selects the TRIPSEL selection

GLMJR3E 01A

7. Run the Macro (By pressing CTRL+q) for correct DCR sense values. The DCR sense and some of the results will update only after running the macro.
&§. Use the "PASS' ( 'FAIL' criteria as a guideline only. Judgement should be made based on actual numbers.

CPU-Vcore LOADLINE ve Temperature

GFX-\icore LOADLINE vs Temperature

9. When you get an 'ERROR!" in the results, the input parameters must be adjusted to get a correct result. 7 T
10. The Bode Plot at the end is based on Linearized model and is valid only << switching frequency. . - =
RUN MACRO [CTRL-q) for Corect DCH sense values - = 25
DO NOT CHANGE any other cells CPU E =
3
Pzequ 1715 kn E 4 E 4
Processor Requirements Raeries 25 51| kD 1 T
CPU GFX Fpar 165,77 K £ 4 =3
=
Mumber of phagez 1 1 Csense 157 [ nF 2 ey @ — L s
— — 2
WID_Wcore HFIA (0 &) 03000]  12500]v Divider Ratie 0503 IF Divide Fratio iz 3 5 Temperzure 32 Tepemse ||
Fi_Loadlin: 5.3 5.3[mvia TEMP COMPENSATE PASS ':;"If"c:::"lsg“ == maine Tage: == mmaine Tages
Mlaimum Current (lec_max] 3 1|4 OCL 3nd run 1 T : !
Far phaze haximam Current a0 70| GFX macrs again. ‘ . |
Thermal Design Current [LTOC_tatal] 4 =1 Rzequ 17,36 kD 0 + + - - 1 25 0 25 0 TIE- “']] 128
Per phase Thermal Design Current 4.0] 50[a Rseries 2881 k2 -25 0 25 50 78 100 125
Zet¥ID Fast Slew Rate [Typical] 12 mithuz Fpar 16475 k2 degreeC degree C
Csense 77| nF
Divider Ratia nz00| I Divids Ratia iz
Laud Current for Bads Plot Bl ey | TEMP COMPENSATI PASE ot than 0.75, Caense
Ery increasing v}
OCL and run
macra again.
CPU-Vcore OVER-CURRENT LIMIT Vs Temperature GFX-Vicore OVER-CURRENT LIMIT Vs Temperatur
System Fequirements 18 18
in max 20 03 Fin 1 [CTHERMJto GHOY 00 K NTC for ¥R_HOT flag and Thermal Shutdosn.
Fin 1 [CTHERI] to YREF 15 6 K Stz the INYF Thermal Shutdown Level for CPU-Yeore T 14 - 14
Win_min 5 W Pin 2 [COCP-1) to GND 100 k2 Selects the OGP lerel for CPU-Yeore =4z — L 2 — ]
Freq 0] (0 [ Fin 3 [CIMGH] o COCR-T EET Stz IMGH voltage for CRU-Veors on CIMON pin E 10 E 10
I Pin & (CIMOH) o GHO [FE M CIMIOH Filter <ap recommended = =
I b See DCF: senging for GRLT g 8 5 =
Inductor n 10 (CCOMP) to YREF etz the DROOP fFor CPU-Veare R ER
Telinimum F: ded Inductance 06| OB5[uH n 1, Pin 12 oltage sense Feedback, CPL 5} p—rr o = o
00 MOT n 13 (CF-IRAX] to GNO] Selocks the Frequency For CPU-Veare 5 4 Temperanre - Torpersaue
Totaimam P ded Inductance 113 130 [<H CHANGE n 13 (CF-IMAY) o VEE ks the lee_max For CPLU-Veare 3 ——oo T S oo Tag=
Chosen Inductance, L 0.6 0561 PASS n 14 (VREF] to GND REF to Analeg Ground By-pass capaiter 2 2 =5
Inductor DGR, L_OCH 4200]  s400[n0 PASS n 15 [V3FEY] to GO 5.3 supply by-pacs capacitor 0 T T 0 T
nf6 VE_OH logic 5 - S 5 25 25 5 s 10 =
Bulk Capacitor a n 17, Pin 23 CPGOOD snd GRGOO0D need erternal pull-up -25 0 . 75100 123 = a = 50 78100 125
Output Capacitor, Bulk 330 330[aF [ Pin f8-Pin 21 SYID linez. Pull-up per Intel Spec 4 c d -
E3F: of Bulk Output capacitor 5.0 5.0[mz n 22 [SLEWA) to GHD 50 DO NOT CHANGE THIS VALUE at_present egree egrest
Total Mo, of Dutput Capacitars 2 1 n 22 [SLEW A to YREF 163 This resistar sctz the SLEW rate
E3L of Bulk Capacitar 1 1[oH [ Fin 24 [GF-IFAX) o G 150 Selects the Frequency For GFX-Veare
[ Pin 24 (GF-IMAX) to W S314.3 Soks the lee_max For GFX-Veore
DOCR power loss Pin 25, Pin 26 “oltage sense Feedback, GFX
Tl allowed DR power 1022 T o[ 008w T Do maT in 27 [GLOMP to YREF] 06| k2 Stz the DROOP for GFR-vore
DER Power lazz [TOC] ] E| 0.04[ % ] cHAMGE in 25, Pin 23 [GCIP-M) $ee DCR sensing For G
in 50 [GIMON] o GHD [ GIMON Filter cap recommended
in 50 (GINMON) to GOCE: 4@1 Stz NN voltage for GF¥-¥core on GIMOM pin
in 51 [GOCE-) i Salects the OCP level for GFX-Yeore
[ Pin 32 (GTHERR) to GHI 100 TG for "YR_HOT flag snd Thermal Shutdewn.
[ Fin 32 (GTHERM) to VRE| 156 Stz the I Thermal Shutdown Level for GF%-¥eore
[ Fin 55 [GEKIF] to GHO »=T50 Fesistor to GND sets DSRIUSH level
[ Fin 35 (GEKIF] to YREF | apen Program this resistor to turm OSF: off
n 54, 36 [GFWH, CPYIS Pl outputs,
DOCR Temperature Compensation [ Pin 35 [CSKIP) ko GND_[o=t50 Resiztor to GND scts OSR/UISH lovel
E value of DCF thermal compensation TG [ER 4z50 K [ Fin 35 [CEKIF) to WREF |apen (=) Fragram this resistor to turm OSF off
Fresistance of NTC at 250 | 100 100 K n 5545 Gate-drive outputs
TCR_cu | 0.0053 [pEmS | DomoT n 0] k2 Dpticnal Resictor from nput voltage to VBAT pin
CHANGE Pin 43 5] to BYDRY 10] chm Extornal Filter Fiesistor for 8% Anslog Supply voltage
Over Current Limit (TRIPSEL) n 10 (CCOMP) to YREF 100 pr Noise Filter at CCOMP-¥REF [CPU-Veore]
Tilin. Civer Current Limit [OCL) Target 12 0 [ Fin 27 [GCOMP to VREF | 100] pF Toise Filter at GLOME-¥REF (GFX-Veore)
n 4% [VSOR] to GHD 47 [uf 5% Diriver Supply By-pass cap
| | in 45 [V5] to GND) 2.3[uF W5 to Analog Ground by-pass cap:

Enables you to plug in your own design specifications and obtain component values, and
the estimated loadline (voltage reqgulation) and current limit variation over temperature
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TPS59641 CPU and GPU core PCB area and BOM cost
(MU+ component pricing)

12Vin Baytraild Discrete VR Solution w/TP$51285 and CSD87381P Baytrail Vcore BOM and PCB Area - TPS59641 + TPS51604 + CSD87381P x2
Cost Area mm VRIZA 1+1 phase
Veore (VR12.1) - TPS59641 + TPS51604 + CSD87381P x 2 $0.66 288 TDC (CPU)=TA, VNN (GPU) = 48, Jrp—
5V and 3.3V - TPS51285 + CSDBT381P x 2 $0.46 300 ImaxCPU = 154, ImaxGPU = 10A TPS96A1 +Tp55:'m
DDRAL VDDQ and VTT - TPS53515 + TPS51206 $0.36 280 Idyn = SA/BA, CSDBTI8PHSOKHZI0.68uM for CPU
_ VBOOT = 1.1V CSD87381P/650KHZ/0.56uH for GPU
Low Voltage Rails (x6 total) - TP$53312 $0.65 424 DC Loadline = 5.9mOhm
Total $2.13 1,292 VIN = 20V
Cum;[:;r:;e];; area Tu[t:]lmAzrfa AUP aty Cost
Baytrail-l Embedded PC Solution (dual core) — 1-stage conversion tomoler s % % . 50000
Driver_- TPS51604 4 4 1 50.00
FET (H8L) - CSD87381P 75 75 1 50.00
[Fower Suph] L 0 : N SR Cap Timom) S R S0
TPS59641 Core ulk Cap J30u{3mohm . . 3 A
Power Supply 6x6- 43p [ ( ) Bulk Cap 470u 314 314 50.130 1 50.130
CSDSTISIP Cap MLCC 22uF 2 30 50.009 15 50.135
3225 Power Block Cap MLCC 10uF 2 0 §0.008 0 §0.000
VGG Cap MLCC 2.2uF 1 0 50.008 0 50.000
_________ I (Graphics) Cap MLCC 1uF 1 0 50.005 ] 50.000
_ - Inductor 49 9 50.090 2 50.180
v See 1A Rand Cs 1 38 50.001 38 50.038
- CORE VL3 NTC (Thermistor] 1 4 50.015 1 50.06
VNN o
W Sl m 5V System Rail Total 28 65 $0.663
- UNCORE_YNN_S3 PRI
ULQ™
3x3-20p
3.3V System Rail
On Intel CRB
TPS53312
st.lup
Alternate TI recommendations
Supported By Reference Designs TPS53312 Low
m-wp
— Voltage
Rails
[ Canuse SWIFT: |
i 1) TPS53318/19 E
1 2) TPS5351315 1
1, 2) TPSS351315 ; DDR3L VDDQ
TPS51206 DR /1]
| 2x2-10p
1§ TEXAS
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TPS59641 Baytrail-M/D/l reference design w/CSD97374 PS
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rou Voiage Rarge S5V 2V el Volage Ranges E ey
My Curert 154 My et 1048
Thermal Design et TA Thenmmal DesignCurert. 24
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TPS59641 Baytrail-M/D/I reference design with CSD87381P
PowerBlock Il
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Cver Gt Leve! R e Camert Leved 154
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= o Texas Instruments
= T s T _
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5V/3.3V System Rail



TPS51285A/B

5-24Vin/ Dual CH Controller for 5V/ 3.3V rails with ULQ™—— o

* Innovative ULQ™ (Ultra-Low Quiescent current)
achieves very high efficiency at light load
operation, supports Connected Standby mode of
Windows 8

1g=75UA (25uA/ch+25uA/ 2x LDO)

Input voltage range: 5V to 24V

Output voltages: 5V (CH1) and 3.3V (CH2)
Switching frequency: 400kHz (5V-rail) and
475kHz (3.3V-rail)

 Auto-skip light load operation

* Built-in 200mA 5V/3.3V LDOs

» Clock Output for Charge-pump

« Power Good indicator

» Separate Enable inputs for switchers

« 20pin 3x3(mm) QFN Package

Applications

 Ultrabooks

» Notebook Computers
» Tablet Computers
 Embedded Computers

« Supports severe power loss requirement of Intel
Ultrabook/ Microsoft Connected Standby mode
with Auto ULQ function

» Support wide input voltage range including 2-cell
battery and 20V adaptor

 Fully integrated 5V/ 3.3V rails solution in Small
3.0x3.0mm QFN Package

« 100mA 5V/3.3V LDOs

* Clock Output for Charge-pump

» Power Good indicator

 Full protections (UVLO, OVP, UVP, OCL &
OTP)

« Easy to use, no external compensation circuit

» Co-layout with TPS51225x and TPS51275x family

» High power density, excellent thermal performance

TPS51285A 3.3V LDO
TPS51285B 3.3V &5V LDOs

25

13 TEXAS
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TPS51225/ 51275/ 51285 Co-layout (w/ CP)

VBAT/
VADPTOR T
VIN <
L VBSTL  VBST2 =
5V > J M 33V
output g m_J_' DRVH1 DRVHZ |_:,_m_4,_> output
p q
Sl S
— ]
a L
\[: DRVL1
DRVL2
. Vo1 E
VFB1 VFB2

w
N—r

Al

cs1 cs2 W 4)
VCLK PGOOD ———— » PGOOD
l_—(b
— EN-5V EN1 EN2 EN 3.3V
Charge pump
output 5V VREG} (" VREG3 T» 3.3-V

LI Jre

When TPS51285A/B is used, please update the below four components.
1) VREGS5 cap to 4.7uF
2) VREG3 cap to 4.7uF
3) CS1 resistor to 1/5 of the Tps51225/275 value
4) CS2 resistor to 1/5 of the Tps51225/275 value

9]
Z
W)
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TPS51225/ 51275/ 51285 Co-layout (w/o CP)

VBAT/ 1
VADPTOR —— f—
e VIN -
< Qi R1 C7 : C8 g 9 \/
L1 S —’\/\/v—{ }— VBIST1 VBST2 —H—A/\/\r T Lo
5V Bl R9 I I R10 | ‘I* | 33V
[ } )
oot S W JoRvin DRvr2[ W L G
b | | |
1 }E:_"% | SW1 Sw2 : |
— 0—‘—{
C3 ' ' | I = Ic10 p—
R12 | ' DRVL1 : I
: ' ' , DRVL2 ! c4
Ll I I
R Va1l Ll
:; I :;
o[ 1 — Y)Y
R2 - A A [> 4)] R5
|
OD| ————— » PGOOD
|
N2 <«EN33V
1
G3 T» 3.3-V LDO

5\I|nf'\ [ | GND
C5 C6 5
Ll) <~ J L J7 ~ :

When TPS51285A/B is used, please update the below five components.
1) VREGS capto 4.7uF
2) VREGS3 cap to 4.7uF
3) CSlresistor to 1/5 of the Tps51225/275 value
4) CS2 resistor to 1/5 of the Tps51225/275 value
5) Add R14 (200-ohm) (Be open for Tps51225/275)

TI Confidential -- NDA Restrictions -{NSTRUMENTS




DDR Power Solutions



DDR Power Solutions Portfolio

Most Price Competitive
3.3V/5VIN - 2A VTT
SVIN - 3A VTT DDR3/DDR3L/LPDDR3, DDR4/GDDR5
3.3VIN-3A VTT DDR2

DDR2/DDR3/DDR3L/LPDDR3/DDR4/GDDR5 4.5V-17V, 0.5A VPP
TPS51100 TPS51206 DDR4/LPDDR4/GDDR5
TPS51200 - -~
N TPS560200

6A Highest Current VTT
DR3/DDR3L/LPDDR3/DDR4/LPDDR4/GDDR5

Most optimized for bulk caps \
VDDQ and VTT
DDR3/DDR3L/LPDDR3/DDR4/GDDR5

TPS53317/

TPS51216 TPS53317A

Industrial temp range VTT
,\ DDR2/DDR3/DDR3L/LPDDR3/DDR4/GDDR5

TPS40042

Server VDDQ
—_ Industrial temp range VDDQ
DDR2/DDR3/DDR3L/LPDDR3/DDR4/GDDR5

Cost-optimized version of TPS51916
VDDQ and VTT
DDR3/DDR3L/LPDDR3/DDR4/GDDR5

TPS5171
6

Highest Power Density .
Lowest BOM cost Industrial temp range Hiahest volume
VDDQ and VTT VDDQ and VTT g

DDR3/DDR3L/LPDDR3/DDR4/GDDR5 PPRZ/DDR3/DDR3L  Most Flexible (DCAP or CM) TPS53647

VDDQ and VTT
TPS51916 TPS59116
i3 TExas

l = PWM + LDO l =LDO l = iFET converter l= PWM l = Multiphase PWM JNSTRUMENTS

DDR2/DDR3/DDR3L TPS40425/8

TPS51116




DDR Power Supplies & Terminators

General
Description

VIN

# outputs

Fsw (kHz)
Control topology
Compensation

DDR compatibility

VTT referencing
scheme

VTT output cap
VTT current

VTT accruacy

S3/S5 support
PGOOD

FCCM

Power save
Support all

ceramic
SS method

TPS51916

Complete DDR2,
DDR3 and DDR3L
Power Solution

3V to 28V

4,VDDQ, VTT,
VTTREF and
1P8VREF
300/400/500/670

D-CAP and D-CAP2
No comp is required.

DDR2, DDR3 and
LPDDR3

Reference to VTTREF
and trim option to
1/2*vDDQ

1 x 10uF or 2 x 10uF

+/-1A TDC and +/-2A
for OCL

0A, +/-15mV to
VTTREF;

+/1A, +/-20mV to
VTTREF

Yes

Yes
Yes

Auto skip
Yes

REFIN control

Bootstrap support 10ohm Internal switch

OVP/UVP

Package

Yes

20pin 3x3mm RUK,
0.4mm pitch and
0.75mm height

TPS51216

Complete DDR2,
DDR3 and DDR3L
Power Solution

3V to 28V

4,VvDDQ, VTT,

VTTREF and 1P8VREF

300/400
D-CAP
No comp is required.

DDR2, DDR3 and
LPDDR3

Reference to VTTREF
and trim option to
1/2*VvDDQ

1 x 10uF or 2 x 10uF

+/-1A TDC and +/-2A
for OCL

0A, +/-15mV to
VTTREF;

+/1A, +/-20mV to
VTTREF

Yes

Yes
Yes

Auto skip

Yes

REFIN control
100hm Internal switch

Yes

20pin 3x3mm RUK,
0.4mm pitch and
0.75mm height

TPS51116

Complete DDR2,
DDR3 Power Solution

3V to 28V

3, VDDQ, VTT and
VTTREF

400
D-CAP and D-CAP+

Internal and external
comp
DDR1, DDR2, DDR3

Fixed reference to
VTTREF

2 x 10uF

+/-2A TDC and +/-3A
for OCL

0A, +/-20mV to
VTTREF;

+/1A, +/-30mV to
VTTREF;

+/-2A, +/-40mV to
VTTREF

Yes

Yes
No

Auto skip
Yes

Two step OCL limit
Internal diode

Yes

20pin TSSOP

TPS51206

2-A Peak Sink/Source
DDR Termination
Regulator

3.3V to 5V

2, VTT and VTTREF

N/A

LDO

N/A

DDR, DDR2, DDRS3,
and low-power

DDR3/DDR4 VTT
Memory Termination

N/A
N/A

N/A

Yes
No

N/A
N/A
Yes
N/A
N/A

N/A

2mm x 2mm SON10
PowerPAD

TPS51100

Source-Sink DDR
Termination
Regulator 3A
Source, 3.5A Sink

4.75V to 5.25V

1VTT

N/A
LDO
N/A

DDR, DDR2 VTT
Memory Termination

Integrated Divider
Tracks 0.5
VDDQSNS for VTT
and VTTREF

N/A
N/A

N/A

Yes
No

N/A
N/A
Yes
N/A
N/A

N/A

MSOP 10 with
PowerPad

TPS51200
Source-Sink DDR

Termination Regulator

0.3V to 3.6V

1VTT

N/A
LDO
N/A

DDR, DDR2, DDRS3,
and low-power
DDR3/DDR4 VTT
Memory Termination

REFIN Input Allows for
Flexible Input Tracking
Either Directly or
Through Resistor
Divider

N/A

N/A

N/A

Yes
Yes
N/A

N/A

Yes

N/A
N/A

N/A

3mm x 3mm SON10

TPS53317

Source-Sink 6A
Integrated FET Integrated FET
Switching DDR Switching DDR
Termination Regulator Termination Regulator

TPS53317A
Source-Sink 6A

1V to 6V 0.9V to 6V

1VTT 1VTT

600kHz and 1MHz 600kHz and 1MHz

D-CAP+ D-CAP

No comp is required. No comp is required.
DDR, DDR2, DDR3, DDR, DDR2, DDR3,
and DDR4 VTT Memory and DDR4 /LPDDR4
Termination VTT Memory
Termination

2R Divider from Vddq to 2R Divider from Vddq to
form 1/2*vDDQ form 1/2*VDDQ

3 x 47uF 11x22uF for DDR4
-/-6A -1-6A

+- 1% +/- 1%

Yes Yes

Yes Yes

Yes Yes

Yes Yes

Yes Yes

Internally Set 1.6ms Internally Set 1.6ms

Yes Yes

3.5mm x 4mm 20 pin
QFN

3.5mm x 4mm 20 pin
QFN

ALNI L INULVALAY 1D




TPS51916

Complete DDR2, DDR3, DDR3L, and DDR4 Power Solution

features

Synchronous Buck Controller (VDDQ)
» Conversion Voltage Range: 3V to 28V
+ Selectable D-CAP™or D-CAP2™Mode

* Selectable 300 kHz/400 kHz/ 500kHz or 670kHz
» Auto-Skip Mode at Light loads

* Supports Soft-Off in S4/S5 States
* OCL/OVP/UVP/UVLO Protections
2A LDO(VTT), Buffered Reference(VTTREF)
» 2-A (Peak) Sink and Source Current
* Thermal Shutdown
» 20-Pin, 3 mm x 3 mm, QFN Package

Applications

. DDR2/DDR3/DDR3L Memory Power Supplies
. SSTL_18, SSTL_15, SSTL_135 and HSTL Termination

Benefits

. Wide range of input voltages for multiple rails

. Fast Transient Response, No loop compensation..
saves 4 resistors 2 Capacitors compared to VM
controller. Fewer Output Capacitors Reduces BOM
cost by 20%

. Flexible form factor, 30% smaller at 670kHz

. 90%+ Efficiency at Light Load with Higher Average
Efficiency Over Entire Load Range

. Eliminates Pre-Bias issues

. Full suite of protection

. Compatible with both DDR2, DDR3 and DDR3L
. Built in protection
. Thermally enhanced packaging

RUK - (SON 8)
3mm x 3mm

Top View

[

E o w
F 3 8
m

VREF
REFIN
PGND

wip Texas

T v —— rm o ———
= INDIRUNMIENID |




TPS51206

2A- peak Sink/ Source DDR Termination Regulator with Buffered Reference

« Supports DDR2 (0.9V), DDR3 (0.75V), DDR3L * Reduce board area and total BOM cost
(0.675V), LPDDR3 (0.6V) and DDR4 (0.6V) * Only 1x10uF VTT output capacitance is
« Supply Input Voltage: down to 3.1V required
« VLDOIN Input Voltage Range: VTT+0.4V to 3.5V * No external voltage divider resistors,
« VTT Termination regulator implements VDDQ voltage sensing input
+ Output Voltage range: 0.5V to 0.9V (VDDQSNYS)
» 2A peak Sink/ Source current « External components are Only 4 caps
« VTTREF Buffered Reference « Small 2.0x2.0mm SON Package
» VDDQ/2 +/-1% Accuracy » Easy to use, supports 5V or 3.3V supply input
« 10mA Sink/ Source current voltage (VDD)
* Fully supports S3 (high-Z) and S4/S5 (soft-off) » S3/S5 enables support S3 (high-Z) and S4/S5
mode (S3&S5) (soft-off) mode
* 10-pin 2x2 SON Package w/0.8mm Height * High power density, excellent thermal performance
Applications
e Ultrabooks VDDQ VLDOIN VTTSNS
» Notebook Computers poND [4]
* Tablet Computers STATE | S3 | S5 | VTTREF VTT s3_sLP VITREF 6
« Embedded Computers = TR =T o ssstpm————[9]ss
S3 L H ON (h%'l?-:Z) Supply Pov’E‘Pad
Sa/ss | L | L (dis(c?rllzaFrge) (disgr':a':rge) @ .
i3 Texas
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3A IFET Converters



TPS53312 - 18V, 3A SINGLE CHANNEL SYNCHRONOUS
STEP-DOWN CONVERTER WITH ECO MODE IN 3x3 QFN

featies Benefirs

Continuous 3A Output Current « Fast Transient Response, No Compensgti_on
4.5V — 18V Vce Voltage Range » Lowest external component count to optimize
2V - 18V Conversion Voltage Range board space / cost effective solution
Adjustable Output Voltage Ranging from « Easy to design with no effort in external
0.76V to 5.5V compensation adjustment

DCAP2™ Mode Control Enables Fast P J

Transient Response

Low Output Ripple and Support all MLCC ¥

Output Capacitor Vio == =

Skip Mode for Light Load Control o———1

Highly Efficient Integrated FETs Optimized for A

Lower Duty Cycle Applications g I :

High Efficiency, less than 10pA Supply 9 |15 CHE

Current at Shutdown | o vee = |

Adjustable Soft Start Time 1 vFe vesT (2

Support Pre-Biased Soft Start T 2 )vReos Gyt .
700kHz Switching Frequency T S —iyss liaasd sw| (o] ﬂ 1 :
Cycle-By-Cycle Over-Current Limit : f}emn p - _c-
Open Drain Power Good Indication v PG EN _POND 1T o
Internal Boot Strap Switch )L (6L o) =

Small 3 x 3 - 16 Pin QFN Package . | L]

Output Signal

©
Input Signal

TI Confidential -- NDA Restrictions I$ TEXAS
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TPS6213x/4x/5X:

3..17VV, 1-3A, 3MHz Step-Down Converters in 3x3mm QFN
fﬂﬂllllﬁs benelits

High Efficiency Step Down Converter * High VIN step down converter with small
with DCS-Control™ solution size
* VINrange from 3to 17V - 12V = 3.3V/ 3A utilizing a 1uH inductor
) ’é&gjt\{;‘gls_rv(?pl:;:;q g\? 2036\'/0;/0\/ « DCS-Control™ regulation is fast and
I accurate
Output current up to: 3A (TPS62130) _
2A (TPS62140) * Low quiescent current and selectable
1A (TPS62150) switching frequency for high efficiency
- Seamless transition to Power Save Mode * VFB control allows current source
* Pin-selectable switching frequency applications
. 100% Duty Cycle Mode 3..17)V 1pH 1.8V/3A
O * PVIN SW "V VTV

« Programmable Soft Start and Tracking
* Quiescent current of 17uA (typ.)
« Power Good

* O
AVIN VoS ‘/%;ow ’
EN PG ® 22uF

TPS62131
SS/TR FB
3.3nF

Applications T,
o FSW w
« Solid State Disk Drives } ~_ )
i Embedded an_d mobile Cstart Adjustable Startup DEF Pin Selectable Output Voltage
Compu“ng TR FB Volt Control
. . . oltage Contro i i i
. In d ustri aI ap pI ications g FSW Pin Selectable Switching Frequency
i3 TEXAS
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CONCLUSION

> TPS59641 optimized IMVP7 controller for Intel 2014
Essential Client PCs and Embedded PCs using
Valleyview CPU - on three (3) Intel CRBs!

> Tl has the complete power solution

» High Switching Frequency for High Power Density
0 Complete Discrete Solution fit on 55x85 COME Module

> High Feature Integration for Low Component Count
0 DCAP+ Control Mode for Lowest Output Cap Count

» Higher Efficiency through out the load current range

{L} TeEXAS
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