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1. Description

Tl Design: Skylake Power Delivery contains four DC-DC converters & seven TPS22993 load
switches. The DC-DC converters used in the design are TPS62151 (x1), TPS62182 (x2), and
TPS62130 (x1). TPS22993 is a quad channel load switch with each switch capable of supporting
1.2A of load current. Support for higher load currents is made possible by combining two or
more channels together as is demonstrated in the design. The TPS22993 load switches are 12C
programmable (ON_delay, Rise Time, Discharge Resistance) and can be controlled by either 12C
or GPIO. A PC based GUI was developed to communicate with the board via the USB2ANY
which generates the 12C and GPIO control signals. The board is rated to operate with input
supply voltages from 4.5V to 15V to emulate 2S & 3S battery topologies. LEDs are used to
indicate the ON state of the DC-DC convertors (Blue) and 21 voltage rails (Green). A total of 21
rails can be switched using this design with load currents varying from 0.01A to 2.5A. Sense test
points were used for taking the voltage measurements.
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2. System Block diagram

I'C Bus
V3P3Dx_TOUCHSCREEN —— e —— y1P8S
V3P3Dx_DPWP — - V1PBDX_SENSORS
- TP522993 TP522993
V1PEDx_AUDIC
V3P3Dx_WIFI —-[ . soasa o VIPEDx_SSD
iw La
TPS62182 TPS62151
VIPIE et SOA/SCL SOMSCL —— V1PBDx_LSBSDIO
6A 1A
L V1P8Dx_3G4G
TP5224993 TP522993
V3P3Dx_55D [ o e V1PEDx_WIFI
o T~ - V1PEM
PHC P 54
I -
i3 o V3P3Dx_USBSDIO
iE
I | - V3P3Dx_EDP
TPS22993
ey V3P3Dx_EC
S08/500 b V3P3Dx_SENSORS
Loy i3y |
ModPHY TPS22993 TPS62130 TPS62182 |
3A BA D4l Y3IPIM
— ——— 3P3Dx_AUDIO
TPS22993
]_ V3PIDx_3G4G
3 Tl Design: Skylake Power Delivery




i3 Texas
INSTRUMENTS

3. Tl Design Voltage Rails

Ultrabook TPS22993L5S
Rail Name Channel

DC-DC Part# Rail Voltage

LS Load
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4. Tl Design: Skylake Power Delivery — Board Overview

D = DC-DC converter

D = TPS22993 Load Switch
D = USB2ANY Conhnector
D = PWR & GND connections of the board

= Solution size (excluding debug circuitry)
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6. Important Thermal Notice

This board is not optimized for thermal performance.
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7. Bench Set Up

PWR & GND are delivered to the board as shown below.
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A USB cable is connected from USB2ANY to the computer with installed GUI software.

The GUI CONTROL tab is used to program and control the 7 load switches.

43 Device GUI
File Script Debug Tools

12C Load Switch Device GUI

Selection e Switch ALL™ FW Version 1
Device GUI
STATUS
About CONTROL STATUS
Low Level Confiquration
RAIL NAME ~ ON DELAY  SLEW RATE QoD 12C ON/OFF  GPIO ON/OFF
‘ ModPHY 11us 150us/V 951 Ohm [ ‘ m ModPHY
| VIPIDX DPWP  11uc 160us/V 951 Ohm | | EId vsezoxopwe
V3P3Dx_TOUCH V3P3Dx_TOUCHSCREEN I
VpiDx s 460us/V 951 Ohm | [ oFF |
VIPBDXAUDIO  1lus 460us/V 9510hm [ V1PSDX AUDIO &
m V3P3Dx_AUDIO
VPIDXAUDIO  1lus 460us/V 951 Ohm |
‘ VIPBDX_SENSORS 1,5 460us/V 951 Ohm |
V1P8Dx_SENSORS &
V3P3Dx_SENSORS B
‘ V3P3D%_SENSORS 11us 460us/V 951 Ohm [ ‘
V1P8Dx_USBDIO 460 l
- i = 951 Ohm V1PBDx_USBSDIO &
V3P3Dx_USBSDIO
V3P3DR USEDIO ) 160usY o |
‘ V1P8Dx_3G4G s 460us/V 951 Ohm I
V1PBDx_3G4G &
‘ VIPBDXWIL 11, 460us/V 951 Ohm | ‘ V1PBDX_WIFl &
V3P3Dx_3GAG &
‘ V3P3Dx_3G4G 11us 460us/V 951 Ohm OFF | ‘ V3P3Dx_WIFL
‘ VIPIDEWIL 11us 460us/V 951 Ohm | ‘
Mainvi = Updated the Tree with regsiter details 50912014 44812 PM LabVIEW 10.0.1 CONNECTED Idle *3 Texas INSTRUMENTS
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DC-DC power good is indicated by the Blue LED’s turning on as shown in below picture.
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8. Graphical User Interface

The GUI contains two main tabs, CONTROL & STATUS. The CONTROL tab has buttons to turn
on/off different channels in 12C or GPIO modes. The CONTROL tab also has drop down selection
options to change ON DELAY, SLEW RATE, and Quick Output Discharge (QOD) resistance for
each individual rail. Navigate to the desired page just by clicking on the CONTROL or STATUS

tabs.

In the below picture, the CONTROL tab is shown in GPIO mode. Please note that 12C ON/OFF
buttons are grayed out indicating that the board is in GPIO mode.

File Script Debug
= I2C Load Switch Device GUI
Selection - Switch ALL” FW Version -
Pevice GUL
|: CONTROL| - Goto About
STATUS [swams_|
About CONTROL STATUS
RAIL NAME ON DELAY SLEW RATE QoD 12C ON/OFF  GPIO ON/OFF
ModPHY Tlus 150us/V 951 Ohm | | m ModPHY
‘ V3P3DXDPWP 1145 460us/V 951 Ohm | ‘ m V3P3Dx_DPWP
V3P3Dx_TOUCH y V3P3Dx_TOUCHSCREEN 3
yapane Tlus 460us/V 951 Ohm | [ OFF |
| VIPEDX AUDIO  11ys 460us/V 9510hm | VLPEDX_AUDIO &
EEd vsrsoxaunio
| VSPIDXAUDIO  1lus 460us/V 951 Ohm |
| V1PSDX_SENSORS 1, 1460us/V 951 Ohm |
V1P8Dx_SENSORS &
V3P3Dx_SENSORS
| V3P3Dx_SENSORS 11us 460us/V 951 Ohm | | M
VIPBDxX_USBDIO  11us 460us/V 951 Ohm ‘ V1PDx_USBSDIO &
V3P3Dx_USBSDIO
V3PIDx_USBDIO 4y 460us/V 951 Ohm |
| V1PBDX_3G4G 11us 460us/V 951 Ohm | |
V1PBDx_3G4G &
| V1PSDX_WIFI 11us 460us/V 951 Ohm | | V1PBDX_WIFI &
m V3P3Dx 3GAG &
| VIPIDX_3646 1lus 460us/V 951 Ohm | | V3P30x WIFL
| VIPIDXWIFL  11us 460us/V 951 Ohm ] |
vipEs 1lus 160us/V 951 Ohm |
V1P8Dx_SSD Tus 460us/V 951 Ohm ]
S | V1P8M 11us 460us/V 951 Ohm | V1PBS &
VLPEDx_S5D &
V3P3Dx_EDP y VIP8M &
| 11us 460us/V 951 Ohm | V3p30x EDP &
m V3P3A EC&
V3P3Dx_EC 11us 460us/V 951 Ohm | V3P3M &
VIPIS &
| V3PIM lus 460us/V 951 Ohm | V3P3Dx 55D
| v3p3s s 460us/V 950 Ohm ]
[ v3p3px ssD 1us 460us/V 951 Ohm |
Mainyi = Write 6(23/2014 1:09:47 PM 1 CONNECTED Idle # TexAs INSTRUMENTS

Switch to 12C mode by clicking on GPIO button on the top (highlighted in red oval).
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Below picture shows the CONTROL page with the mode changed to 12C (highlighted in red oval).
The GPIO ON/OFF buttons are grayed out to indicate that the board is in GPIO mode.

File Script Debug

I2C Load Switch Device GUI

Switch ALL™ FW Version .
Pevice GUL e
|: CONTROL| - 224 Goto About
Ahgf‘ms CONTROL | sTATUS
RAIL NAME ON DELAY SLEW RATE QoD 12C ON/OFF  GPIO ON/OFF
| ModPHY 11us 150us/V 951 Ohm [oFF | | | Modpny
‘ VIPIDXDPWP 114 460us/V 951 Ohm [ oFF | ‘ | vsp3px oPwp
V3P3Dx_TOUCH V3P3Dx_TOUCHSCREEN 3
u3P30x T1us 160us/V 951 Ohm | oFF | |
VIPEDX AUDIO  1lus 460us/V 9510hm m_ V1PBDX_AUDIO &
_l V3P3Dx_AUDIO
| VIPIDXAUDIO  11us 460us/V 951 Ohm [oFF |
| V1P8Dx_SENSORS 1, 1460us/V 951 Ohm [ oFF | |
V1P8Dx_SENSORS &
4| V3P3Dx_SENSORS
| V3P3Dx_SENSORS 11us 460us/V 951 Ohm m | b
VIPBDX_USBDIO  11us 460us/V 951 Ohm Eﬂ l V1P8Dx_USBSDIO &
V3P3Dx_USBSDIO
V3P3DX_USBDIO ) 160us/V 951 Ohm m
| V1PEDX_3G46 1lus 460us/V 951 Ohm m |
V1P8Dx 3G4G &
| VIPBDXWIFL 13, 160us/V 951 Ohm [oFF | V1PBDX WIFI &
l V3P3Dx _3G4AG &
| VIPIDN3GA6 llus 460us/V 951 Ohm [oFF | | VP30 WIFL
| VIPIDXWIFL  11us 460us/V 951 Ohm [ oFF | |
vipss Tlus 4600/ 951 Ohm | orr I
VIPEDXSSD qp,. 160us/V 951 Ohm | oF |
- [vipam Tus 160us/V 951 Ohm oFr | vipssa
V1P8Dx_S5D &
V3P3Dx_EDP 460 VIPEM &
.| 1lus us/V 951 Ohm | oFF | V3P3Dx_EDP &
I V3P3A_EC &
V3P3Dx_EC 11us 460us/V 951 Ohm m V3P3M &
V3P35 &
| V3P3M 1us 460us/V 951 Ohm | OFF | V330X 55D
| v3p3s s 460us/V 950 Ohm [ oFF |
[vspsox ssp lus 1460us/V 951 Ohm [oFr |
Main.vi -> Write 51232014 1:09:47PM | Version1.0.0.16 CONNECTED Idle & TEXAS INSTRUMENTS

In each mode different rails or group of rails (GPIO) can be turned on/off by clicking on the

ON/OFF button. GPIO control or 12C control is selectable on a per rail basis.
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Below graphic shows the GUI STATUS tab with indicators for each of 21 power rails.

File Script Debug

=

. .

I2C Load Switch Device GUI

fiete tina) m Switch ALL™ FW Version =
Device GUI
CONTROL POWER MODE 1 (ALL OFF) 11508 m
Ah CONTROL STATUS
= ) VIPSS (1.8, 0.108)
Load Switch 1 ) V1P8Dx_SENSORS (1.8V, 0.07A)
TP562151 fEs222s ) V1PEDx AUDIO (L.8V, 0.13A)
Ul
wc-DC1 L8V ) V1P8Dx SSD (L.8V, 0.07A) E
. ) V1PSDx USBDIO (1.8V, 0.05A)
Us Loit:l’sszvzg;cgh = ) V1P8Dx_3G4G (1.8V, 0.074)
) V1PBDx WIFI (1.8V, 0.07A)
u2 ) V1PEM (1.8V, 0.01A)
TPS62182 ?
. V3P3Dx_USBDIO (3.3V, 0.80A)
3.3v Load Switch 3 ) V3P3Dx EDP (3.3V, 0.75A) .
LR ) V3P3Dx EC (3.3V, 0.10A)
us
A5V.15V ) V3P3Dx_SENSORS (3.3V, 0.09A)
. V3P3M (3.3V, 0.224)
F% Load Switch 4 4
TPS62182 e ) V3P3Dx_AUDIO (3.3V, 0.20A)
mﬂ —{ ua [ Dvseapx3cac Gav. 2400
. V3P3Dx TOUCH SCREEN (3.3V, 0.204)
BATT Load Switch 5 4
) V3P3Dx_DPWP (3.3V, 0.50A)
(25-395) TPS522993
—{ us - Dvseapxwrr v 200
TPS62130
. V3P3S (3.3V, 0.03A)
Load Switch 6 9
- 1oV I TPS522993
) V3P3Dx S5D (3.3V, 2.508)
| uée
| Load Switch 7
TP522993 ) ModPHY (LOV, 2.408)
| u7
Main.vi -= Write 10/8/2014 2:12:59 PM Version:1.0.0.0 CONNECTED Idle # TeEXAS INSTRUMENTS
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Below shows CONTROL tab when several grouped rails are turned ON when in GPIO mode.

File Script Debug

I12C Load Switch Device GUI

Selection - Switch ALL™ FW Version B
Pevice GUI
| S - 11508
AaTUS CONTROL | STATUS
RAILNAME  ONDELAY SLEWRATE  QOD  I2C ON/OFF GPIO ON/OFF
‘ | ModPHY Tlus 150us/V 951 Ohm [oFF | | [orr JETEY
‘ VIPIDX DPWP 11, 460us/V 951 Ohm E ‘ m V3P3Dx_DPWP
V3P30x_TOUCH V3P3Dx_TOUCHSCREEN 3
V3paDx 11us 160us/V 951 Ohm | oFF | [ oFF |
VIFBDX AUDIO  11us 460us/V 9510hm D V1PBDX_AUDIO &
m V3P3Dx_AUDIO
| VIPIDXAUDIO  11us 460us/V 951 Ohm [oFF |
V1PBDX_SENSORS 1, 460us/V 951 Ohm
| D V1PBDx_SENSORS &
E& Viesossensons
| V3P3DX_SENSORS 11us 460us/V 951 Ohm [ OFF | | m
VIPBDX_USBDIO  11us 460us/V 951 Ohm = V1PBDX USESDIO &
m V3P3Dx_USBSDIO
VIPIDX_USBDIO 1 160us/V 951 Ohm E
| VIPBDX 3646 11,c 460us/V 951 Ohm E |
V1P8Dx 3G4G &
| VIPEDXWIFL 11, 160us/V 951 Ohm [oFF | | V1PBDX WIFI &
m V3P3Dx_3G4G &
| VIPIDX_3G4G  llus 460us/V 951 Ohm | OFF | | V3P3Dx_WIFI
| VIPIDXWIFL  11us 460us/V 951 Ohm [ oFF | |
viPas 11us 460us/V 951 Ohm l
VIPEDESSD  qq,, 460us/V 951 Ohm =
- | viPam 1lus 460us/V 951 Ohm B V1PES &
V1P8Dx SSD &
[vspsoxeor 11 460us/V 951 Ohm oFF | ViPaDn E0P &
m V3P3A_EC&
V3P3DX_EC 1us 460us/V 951 Ohm | oFF | VIPIM &
V3PS &
vpam Tlus 460us/V 951 Ohm | OFF | V330X 55D
[vap3s 1lus 460us/V 950 Ohm [oFF |
[ vp3px_ssD s 460us/V 951 Ohm 1
Main.vi = Write §122/2014 109.47PM | Version:10.0.15 | [JIJCONNECTECIN | Idie | kB Texas INSTRUMENTS
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Below shows STATUS tab when several grouped rails are turned ON when in GPIO mode.

File Script Debug
- _,_-__"-QL

I12C Load Switch Device GUI

Selection - Switch ALL™ W Version =
Pevice GUL
T | o)
AhiIfTUS CONTROL STATUS
e ) VIPES (L8V, 0.10A)
Load Switch 1 ) V1PSDx SENSORS (1.8V, 0.07A)
TPS62151 TP522993 ) V1PBDx AUDIO (1.8V, 0.13A)
Ul
Wc Dc1 Lav ) VIPBDx SSD (LY, 0.074) o
. ) V1PEDx_USBDIO (1.8V, 0.05A)
Us Loa_l_:ssz‘:g';csh 2 ) V1PBDx_3G4G (1.8V, 0.07A)
) V1PEDX WIFI (L8V, 0.07A)
u2 ) VIPEM (L8V, 0.014)
TPS62182 J
. V3P3Dx_USBDIO (3.3V, 0.80A)
3.3V Load Switch 3 ) V3P3Dx EDP (3.3V, 0.754) L4
RS2 ) V3P3Dx EC (3.3V, 0.10A)
u3
A5V-15V ) V3P3Dx SENSORS (3.3V, 0.09A)
. V3P3M (3.3V, 0.224)
’% Load Switch 4 9
TPS62182 e ) V3P3Dx AUDIO (3.3, 0.208)
_mﬂ —{1 U4 [ Dvsripassis G.av, za0m
. V3P3Dx TOUCH SCREEN (3.3V, 0.20A)
BATT Load Switch 5 9
) V3P3Dx_DPWP (3.3V, 0.50A)
(25-35) TP522993
—: us :’— ) VP30 WIFL (3.3V, 2.004)
TPS62130
. V3P3S (3.3V, 0.03A)
Load Switch 6 9
- Lov I TP522993 |
) V3P3Dx SSD (3.3V, 2.50A)
L ve || J
| Load Switch 7
TPS22993 ) ModPHY (1.0V, 2.404)
| u7
Main.vi -= Write 10/8/2014 2:53:46 PM Version:1.0.0.0 CONNECTED Idle # TexAs INSTRUMENTS

Groups of rails can be also be controlled with a single 12C command when using the TPS22993
Switch ALL™ feature.

File Script Debug
e s N, I2C Load Switch Device GUI
Selection - Switch ALL™ FW Version
Device GUI 115.0.8
POWER MODE 1 (ALL OFF) .
STATUS
About POWER MODE 2 (ALL ON)
POWER MODE 3 ON DELAY  SLEW RATE QoD 12C ON/OFF  GF
POWER MODE 4
POWER MODE 5 11us 150us/V 951 Ohm m
‘ V3P3Dx_DPWP 11us 460us/V 951 Ohm m
V3P3Dx_TOUCH f
v3P30x 11us 460us/V 951 Ohm | OFF |
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9. Test Data
9.1 TPS22993 Load Switches

9.1.1 Timing measurements

VOUT x ON delay time = tp, VOUT x turn-on time = ton, VOUT x turn-off time = to,

VOUT x rise time = tg, VOUT x fall time = t,

V1P8S delay time, turn-on time & rise time

tp = 212us, ton = 475.8us, tg =505.1us

Tekstop =~ ———it———
; ; a0 ' : : : )
. : : T : € —4.400us —60.00m¥
oo S [ T @ 207.65 3.260 ¥
: ' : T : A212.0U8 A3.320V
: - . ) 4 i ) " . .
S N T _ . b ﬁi
EGPIOBW [ ™t O
[V 1. QS iieibiamine®™ -~ | T
; : ~_[400ps 2.50M5/s ® :
& 1.00v 2 10k points 1.08v ] . .
value Mean Min Max std Dev 12 May 2014
@ 2r 475.8us  475.8M 475.81 475.81 0.000 [10:03:1? ]
2
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V1P8S turn-off & fall time

torr = 2.366us, tF = 3.4us

Tek Prevu E—

: : : 4.00MS 250M5/s @ ] :
@& 1.00vV 2 10K points 1.08v | ; .

value nMean Min Ml ax Std Dev 12 May 2014
10:11:15

@ -2 2.366Ms  2.366M 2.366 2.366 0.000

V1P8Dx_SENSORS delay time, turn-on time & rise time

tp = 224us, ton = 448.6us, tg =571.7us

Tekstop : i

. . I . € —4.000ps 40.00mV
N o ® 220.0ps 3.360 V
: : T . A224.08 A3.320V

Dcpmﬁm.__:M;_._.{_{ ______ R :

r{ le.SDxSénsorsﬁ‘!h'ﬁﬂ-‘fﬁM- P ...... ...... Lo Lo Lo ...... ]

bl e (400ps T 2.50M57s ® 5
@& 1.00v 2 Jii 10k points 1.08 V (12 May 2014
10:22:31

r-+ 2.5 448.68 ]
2
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V1P8Dx_SENSORS turn-off & fall time

torr = 2.966us, tf = 5.1us

Tekstop

e (4o0ps T 250M5S/s ® -
(@ 1.00v 2 Jii 10k points 1.08 V |12 May 2014
10:20:41

r.+ 2 2.966S ]
2

V1P8Dx_AUDIO delay time, turn-on time & rise time

tp = 224us, tony = 466.6us, tg = 566.1us

T9k_5t.°P_,.._.,._..,_.."'.i,..._
; : a0 : : : :
) : T ) & -4.000us 80.00mv
S A T 3 220.0us 3.320 V
: - T : A224.0us A3.240 V

TR{GPIOS bt - |

b s Ta00ps T 2.50MS/s ® 5.
@ 100V 2 Jli 10k points 1.08 V |12 May 2014
10:24:50

[.+ 2.7 466.6us ]
2
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V1P8Dx_AUDIO turn-off & fall time

torr = 2.22us, tF = 2.54us

Tekstop

[C3V1.8DxAudio - - - - - - iy G b I L e S PR RS

. (300ps T 250MS/s e .
& 1.00v 2 i 10k points 1.08 V |12 May 2014
10:26:26

[.» 2 2.224s ]
2

V1P8Dx_SSD delay time, turn-on time & rise time

tp = 224us, ton = 451.4us, tg = 562.8us

TeksStop e | o e——

.
(alb] : : :

: : T [ @& 0.000s 3.360 V

S T 224.0us 3.320 ¥

- - | : A224.0us A40.00my

.ﬁﬁmmm mﬁﬁﬁ T

r’iv]_g[)xssi[);ug.mmw....:....; ...... ...... ...... i

e (q00ps " 2.50MS/7s ® 5.
& 1.00v 2 Jii 10k points 1.08 V |12 May 2014
10:29:14

r.+ 25 451.4us ]
2
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V1P8Dx_SSD turn-off & fall time

torr = 2.857us, tg = 5.073us

Tekstop

............................................................

.k {400ps " 250MS/s e - .
(@ 1.00V 2 i 10k points 1.08 V |12 May 2014
10:27:41

[.+ 2 2.857Ms J
2

V3P3Dx_3G4G delay time, turn-on time & rise time

tp = 356us, ton = 793.4us, tg =923.2us

Tekstop it

@ 0.000s 0.000V
O 356.0us 3.320V
A356.0Ms A3.320V

AV3.30x3GaGHmmmee® | DD

b e (400ps T 2.50MS/s ® 5
(@ 1.00v 2 Jii 10k points 1.08 V (12 May 2014
11:24:51

r.» 2.5 793.4ps ]
2
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V3P3Dx_3G4G turn-off & fall time

torr = 2.32us, tr = 2.5us

Tekstp

FAVIPADN_3646 - - - - - o T

e (00 T 2.50657s @ -
(@ 100V 2 )i 100k points 1.00 Y

P+ 2 2.320s
2

V3P3Dx_AUDIO delay time, turn-on time & rise time

tp = 300us, ton = 649.6us, tg = 846.7us

Tekstop N — i —

; ; T (@ 0.000s 0.000 V
o I T (B 300.0us 3.320 v
- - T : A300.0Ws A3.320V

TRIGPIOS g - [

V3. 3DxAUdiowmegme® . [ T Lo . :

- . b L1 [a00ps T 2.50MS/s ® 5
(@ 1.00v 2 T 10k points 1.08 V |12 May 2014
11:22:56

F.+ 2r 649.65 ]
2
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V3P3Dx_AUDIO turn-off & fall time

torr = 2.6us, tg = 3.4us

Tekstop

... 100\/ R 5

r.+ 2 2.574us
2

[4.00us T 250MS/s ® -
il 10k points 1.08 ¥ |12 May 2014
11:20:49

)

V3P3Dx_SSD delay time, turn-on time & rise time

tp = 356US, ton = 771.4US, tr = 962.7us

Tekstop ~  ———iF

6 —4.000us 0.000 V
3 352.0us 3.320 ¥
A356.0us A3.320V

TR{GPIO T hamiopme_ - - - Mﬁ’”

. . vl : T
r] _V3-3DXSS_D%W*W#" SEEETEE HEERE

r.» 2 771.4MS
2

T 2.50MS/s ® 5
10k points 1.08 ¥V )12 May 2014
J11:32:28

21
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V3P3Dx_SSD turn-off & fall time

torr = 7.2us, tg =17.5us

Tekstop

e (700 T500MS/s o -
@ Loy 2 JIi 100k points 1.00 Y

V3P3Dx_WIFI delay time, turn-on time & rise time

tp = 356US, ton = 770US, tr = 941us

Tekstop — it

€ —4.000us 40.00mVY
® 352.0us 3.320 ¥
A3.280 V

. . M . I . . . . .
r} :V3.3.DXW:|F|WJWWW-' . R R ...... R R R ...... .

.k de o {400ps T 2.50M5/s ® -
@ 1.00V 2 i 10k points 1.08 V [[12 may 2014
11:30:51

r.+ 205 770.24s ]
2
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V3

tor

P3Dx_WIFI turn-off & fall time

F=2.5us, tg =3.3us

Tekstop

=

VP WIRL - e

[:... R

T 2.5065/s @ -

100k points 1.00Y

r.» 20 2.519ps
2

V3P3M delay time, turn-on time & rise time

to

23

Tekstop

=296us, ton = 693us, tg = 895us

€ 0.000s

3 296.0us

A296.0us

A0.000V

3.360V
3.360V

TRIGPIO  abmane -~ |

:vg_gmwm,ww._..; ...... Lo :

@ 100V @ 100V

" 2.50MS/s
10K points

@
1.08 ¥

[.+ 2 693.2us
2

]12 May 2014
J11:1?:51

Tl Design: Skylake Power Delivery



13 TEXAS
INSTRUMENTS

V3P3M turn-off & fall time

torr= 2.4us, tr = 3.04us

TekPrevu =~

DAVZIM- © - e i R

4 (4.00ms T 250MS/s ® -
(@ 1.00v 2 )k 10k points 1.08 V J[12 May 2014
11:19:24

[i+ 2 2.406M8 ]
2

ModPHY delay time, turn-on time & rise time

tp = 8.7US, ton = 9.1US, tr = 0.97us

TekPrevu

©® 0.000s 2.520V
O 8.700us 3.360 v
A8.700Ws A840.0mv

DIGPIOZW::::E::'::;’:.::":'::'::;é:;;:é;.':i.'é::'::'f:':::'.
rMOdPHYI ...... ...... ]

-l fi0.0ps T 100MS/s ® -
(@ 1.00v 2 JiX 10k points 1.92V
2

g+2.r 9.138us ]
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ModPHY turn-off & fall time

torr = 1.56us, tr = 0.32us

Tekstop

@ 100V @ -

. [4.00ps T 250MS/s ®
Jli 10k points 1.08V J12 May 2014
11:35:40

[. +2n 1.560Ms J
2
Rail name to (us) | ton(us) tr (us) torr (1s) te (us)
V1P8S 212 475.8 505.1 2.37 3.4
V1P8Dx_SENSORS 224 448.6 571.7 2.97 5.1
V1P8Dx_ AUDIO 224 466.6 566.1 2.22 2.5
V1P8Dx SSD 224 451.4 562.8 2.86 5.1
V3P3M 296 693 895 2.4 3.0
V3P3Dx_AUDIO 300 649.6 846.7 2.6 3.4
V3P3Dx_3G4G 356 793.4 923.2 2.32 2.5
V3P3Dx WIFI 356 770 941 2.5 3.3
V3P3Dx_SSD 356 771.4 962.7 7.2 17.5
ModPHY 8.7 9.1 0.97 1.56 0.32
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9.1.2 Roy measurements:

Setup: Ron = (Vin- Vour)/licad
(Vin = Vour)
Load Switch
VIN VOUT
DC D GND IIoad
RIoad
Rail name Vo(l{/a;ge CEanrAe\)n t V'(Nr;q\QO)UT (mlj)%Nm) Pout (W)
V1P8S 1.8 100 2.27 22.7 0.180
V1P8Dx SENSORS 1.8 70.6 1.38 19.5 0.127
V1P8Dx_ AUDIO 1.8 131.4 2.49 18.9 0.237
V1P8Dx_SSD 1.8 70.6 1.34 19.0 0.127
V1P8Dx _USBSDIO 1.8 50 0.94 18.8 0.090
V1P8Dx 3G4G 1.8 70.6 1.32 18.7 0.127
V1P8Dx WIFI 1.8 70.6 1.38 19.5 0.127
V1P8M 1.8 10 0.19 19.0 0.018
V3P3Dx_USBSDIO 3.3 750 15.55 20.7 2.475
V3P3Dx_EDP 3.3 750 15.36 20.5 2.475
V3P3A EC 3.3 100 1.9 19.0 0.330
V3P3Dx SENSORS 3.3 90.4 2.04 22.6 0.298
V3P3M 3.3 220 4.36 19.8 0.726
V3P3Dx_AUDIO 3.3 200 4.55 22.8 0.660
V3P3Dx_3G4G 3.3 2292 26.02 11.4 7.564
V3P3Dx TOUCHSCREEN 3.3 200 4.98 24.9 0.660
V3P3Dx DPWP 3.3 500 12.5 25.0 1.650
V3P3Dx_WIFI 3.3 1964 24.27 12.4 6.481
V3P3S 3.3 30 0.72 24.0 0.099
V3P3Dx_SSD 3.3 2500 22.02 8.8 8.250
ModPHY 1.0 2381 12.13 5.1 2.381

Total combined Output Power = 35W

Note: This board is not optimized for thermal performance.

26

Tl Design: Skylake Power Delivery




13 TEXAS
INSTRUMENTS

9.1.3 System Quiescent and Shutdown Current

Quiescent Current (lg):

lq on BATT at 12V = 215uA

Shutdown Current (lsp):

lsp on BATT at 12V = 49.2uA

9.2 TPS621xx DC-DC converters

9.2.1 Start-up waveforms

US_TPS62151 (1.8V)

TekStep ~_ w

2

(@ S0V @ oo j{aobgs O

£.90 Y

] 19 Sep 2014
02: 50 59

J

100k points
(2

J
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U11_TPS62130 (1.0V)

TeksStep

Taooms  S.0Mss . @ 7 ][lg.Sép. '2014]

100k points 8.90 Y 02: 47140

)

U9_TPS62182 (3.3V) & U10_TPS62182 (3.3V)

Tekstop

T

T 1

o 9_3b’3v*‘~l

[2{U 10_3p3viiiumni,

EBATThwwbemy” . 0]

r. Rise Time  677.9MS
2

& 1.00v & : T \(4.00ms T 250kS7s ® 5
& s.o00v 10k points 1.06 V |14 mMay 2014
12:41:37

)

28 Tl Design: Skylake Power Delivery



13 TEXAS
INSTRUMENTS

9.2.2 Output Ripple

No load Ripple

US_TPS62151 (1.8V) & U11TPS62130 (1.0V)

TekPrevw L

e (Tooms T L00KS/s ®
(@ 20.0my & 2 )i 100k points 1.81Y 19 Sep 2014
06: 05: 40

r- Peak-Peak 24.0rmY ]
2

U9_TPS62182 (3.3V) & U10_TPS62182 (3.3V)

Tekstop ==

i i [40.0ms T 25.0K5/s ® 5 .
(@ 20.0mv & @ N 10k points 3.31V [14 May 2014]
[.Peak—Peak 17.6mv ]12:53:31

2
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Light load Ripple

U8_TPS62151 (1.8V) V1IP8M ON

Tekstop  @w =~ ——

(@ 200mv &% _ Ja0.0us  25.0M5/5 @B 7 |(14 May 2014
10Kk points 1.79V |13:07:19
(@D Peak—Peak  15.2mV )

U9_TPS62182 (3.3V) EC ON & U10_TPS62182 (3.3V) V3P3S ON

Tekstop &

IEU9—3D3V S . R 1y I Y i P

R

r;U1g_3p3v.. ..; C .; S .; ...... H ...... ;. . ..; ...... }

U (10.0ps " 100MS/s ® 5L
@ 20.0mv & 2 Jii 10K points 3.31V [14 May 2014]
[.Peak—Peak 30.4mVv ]12:58:55

2
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Full load Ripple

US_TPS62151 (1.8V)

Tekstep gt =

(@ 0omy &

T.2565/5
100k points

19 Sep 2014
130V

)

(@ Peak—Peak 15.2m¥

06: 47: 57
)

U11TPS62130 (1.0V)

1 S R G N o —

D_Ul,l_—lpﬂ‘v’é'ml‘l'le ARRARN NI RSB i FH Iim[l.:'

HHH A

AN e R LRI ARRRRR)

@
1.00 Y

1250575

19 5ep 201
100k points

!

C. Peak—Peak 14 4mif

06: 38: 26
)
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U9_TPS62182 (3.3V) & U10_TPS62182 (3.3V)

32

Tekstop @ = ———

bk )
P{ug_3p3v ,
Fpvr AL
B :U1U_3p3:V ....................................................
e (4.00ps T 250MS/s ® 7
@ 20.0mv & 2 10k points 3.29 v

[. Peak—Peak 20.0mV
2
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9.2.3 Load step Response

V1P8Dx_AUDIO

TekRun

14 May 2014
14:03:38

2
510my

1.00MS/s
10k points

I )

Te

_l—],‘iUS_1p8‘v': — —

V1pSDXAUDIO -

(@ 200mv % @ -oomv

14 May 2014
14:04:10

2
310my

10.0kS/s
10K points

|

]
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V3P3Dx_USBDIO

Te

S |

U9_3p3v——s

V3p3DxUSEDIOH .

2 F
320mv

1.00MS/s
10k points

14 May 2014
13:57:41

| ]

Te

(@ 200mv &

2
320mv

10.0KkS/s
10k points

14 May 2014
13:538:28

| ]
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V3P3Dx_EDP

_ﬁug 3p3v -
[z VBDBDXEDPW ................................................
Tejc Run Trig?

35

TekRun

.
R L R

(@ 200mv 5 _ @ o0V

2
320mv

10.0KkS/s
10k points 13:59:28

][14 May 2014

|
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V3P3Dx_3G4G

Tekstop ~~ —n

(@ 20.0mvV & 2 J(400us 2.50M5/s 2y 5 (14 Mmay 2014
10k points 320my )| 13:50:44

L S s | S ———————— 1| —

- : : : 100ms 10.0KkS/s 20 o |14 May 2014
@& 20.0mv & 2 10k points 520my [13:51:40
; Slope Mode
Type Source Coupling | ‘ Level | Normal
‘ Edge | 2 | DC _/_ _\_ 520mVy & Holdoff
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V3P3Dx_WIFI

Tekstop ~~ —n

P
'

.):VgpgDXW|F|w;-}'=§"':....E....E ______ Lo e :
(@ 20.0mvV & 2 J1.00ms 1.00MS/s 2y 5 (14 Mmay 2014
10k points 320my )|13:54:07

L S s | S ———————— 1| —

- : : : 100ms 10.0KkS/s 20 o |14 May 2014
@& 20.0mv & 2 10k points 520mVy [13:53:16
; Slope Mode
Type Source Coupling | ‘ Level | Normal
‘ Edge | 2 | DC _/_ _\_ 520mVy & Holdoff
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V3P3Dx_SSD

Tekstop =~~~ ———

(@ 20.0mv 2 :1[1.00m5 1.00MS/s 2 5 ][14 May 2014]

10k points 1.00% ]|13:35:00

TekRun

w;mg_%i:-m-“’“#

Trig?

[{V3p3DxSSD - - - i m“#mwwfw “*%rmwmaﬂwwm

(@ 20.0mvV & 2 :I[HJOms 10.0kS/s 2 ][14 May 2014

10k points 1.00% ]|13:38:48

|
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ModPHY

Te

Te

39

kKstop

UT1_Tpov™r=

ModPHY

(@ 20.0mv & _

2 F
320mv

100MS/S
100Kk points

]

KPrevu

U11_Tpov

ModPHY

(@ 20.0mv & _

2
320mv

25.0kS/s
100K points

]
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9.2.4 Efficiency

Efficiency (%)

100

Efficiency vs. Load - U8_TPS62151

90

80

» = = yu v W

70

60

50

40

@ VIN=12V

30

W VIN=7.2V

20

10

100 200 300 400 500 600 700

load current (mA)

Efficiency (%)

100

Efficiency vs. Load - U9_TPS62182

90

80

O wes L

70

60

50

40

¢ VIN=12V

30

W VIN=7.2V

20

10

1000 2000 3000 4000 5000
load current (mA)
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Efficiency (%)

100
90
80
70
60
50
40
30
20
10

Efficiency vs. Load - U10_TPS62182

-9 v v

@ VIN=12V

W VIN=7.2V

0

1000 2000 3000 4000 5000 6000

load current (mA)
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