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FC Load GUI and EVM Board

The I°C Load Switch EVM Board contains two quad channel load switch devices that are ultra-low
resistance (Roy) with I°C programmable slew rate, delay time, and QOD channel. The I’C Load switch
EVM is available for both the TPS22993 and the TPS22994. Multiple I1°C load switch EVM boards may be
connected together and controlled via a single I°C master.

1 Description
The I°C Load Switch is a multi-channel low Ry load switch with user selectable controlled turn on. The
device contains four N-channel MOSFET devices that can operate over an input voltage range of 1.0 V to
3.6 V. The switch is controlled by I2C making it ideal for usage with processors that have limited GPIO
available. The rise time of the I°C Load Switch device is internally controlled in order to avoid inrush
current. The I1°C Load Switch has five programmable slew rate options. The device also has adjustable
ON-delay as well as selectable quick output discharge (QOD) resistance.
The device can operate in either GPIO or I°C mode. The default mode of operation is GPIO control
through the ONXx pins. The address pins can be tied high or low to assign seven unique addresses.
The I’)C Load Switch is available in a space-saving WQFN package (0.4-mm pitch) and is characterized
for operation over the free-air temperature range of —40°C to 85°C.
1.1  Typical Applications
e Ultrabooks™ e Consumer Electronics
e Notebooks and Netbooks e Smartphones
e Tablet PC e Servers
1.2 Features
e EVM contains two I°C Load Switch devices, for a total of 8 independently controlled channels
— Additional I°C Load Switch EVMs can be daisy chained (up to 4 EVMs) to give a total of 28
channels that can be controlled independently via I°C
e I°C control interface allows user to use any I°C capable microcontroller for evaluation of the EVM
— TI I2C capable microcontroller module (USB2ANY) included in EVM kit
— Daisy chained EVMs can only be controlled through I1°C mode. USB2ANY can control only 2
devices through GPIO on the board it is directly connected to. The GPIO control for these 2
devices is accessed through the U1 and U2 tabs regardless of I1°C address.
e Status LEDs for each channel output allows for quick debug of setup
e VIN input voltage range: 1V to 3.6V
e VBIAS voltage range: 4.5V to 17.2V
— Suitable for 25/3S/4S Li-ion battery topologies
e TPS22993 is capable of up to 1.2 A continuous current per channel
e TPS22994 is capable of up to 1.0 A continuous current per channel
4 PC Load GUI and EVM Board SLVU999C —October 2013 —Revised October 2014
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Electrical Performance Specifications

2 Electrical Performance Specifications
For TPS22993 specifications refer to datasheet (SLVSCAS3)
For TPS22994 specifications refer to datasheet (SLVSCL4)
3 Setup — System Requirements - Windows 7 or XP
(A) To install the software run the setup.application from the link below
(http://www.ti.com/tool/tps22993evm-033) by right clicking and saying “Run as Administrator, see
Figure 1.
bin BR
license PM
supportfiles M
| midist.id Kt
"‘-‘.a-sctup.exe £010013 500 PM Applicatior i KB
3 | setup.ini Open i 1 M 1 t k
%' Run as administrator
Troubleshoot compatibility
1-Zip »
Scan for Viruses...
Figure 1. Select Run Administrator When Executing the Installer
(B) You should see a pop up window asking you to install the software click “Yes” and then you should
see the window in Figure 2 pop up and click “Next” and agree to the terms and conditions in the
installer.
-/ 2C Load Switch GUI (o] 8 ==
Eemms |
Destination Directory
Select the primary installation directory.
All software will be installed in the following locations. To install software into a
different location, click the Browse button and select another directory.
Directory for 12C Load Switch GUI
lC.' \Program Files (x86)\Texas Instruments, [ Browse...
Directory for National Instiuments products
lC “\Program Files {(xB6)\National Instruments" | | Browse..
|- << Back |[ Next »>> | Cancel
Figure 2. I°C Load Switch Application Installer
(C) You will see a Python installer begin, see Figure 3, let the installer complete and then click OK.
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ﬂ Prase wat whie Wirdows corfguees Pyhon 27
"

Python 2 7 Setup completed sccesshuly

Figure 3. Python Installer

(D) Connect the USB cable to the USB2ANY and then to the computer and connect the ribbon cable to
the EVM board. The setup should look like Figure 4 when you are done.

Figure 4. I°C Load Switch Board and USB2ANY Setup

6 PC Load GUI and EVM Board SLVU999C—October 2013—Revised October 2014

Submit Documentation Feedback
Copyright © 2013-2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVU999C

13 TEXAS

INSTRUMENTS

www.ti.com

Device GUI SW

4 Device GUI SW

CAUTION

USBB2ANY plugged into the computer first.

Do not launch the I°C Load Switch GUI Application without having the

(A) Go to All Programs >>> Texas Instrument >> I2C Load Switch GUI to launch the application.
(B) The I’)C Load Switch GUI application window should pop on your screen, see Figure 5.

(C) You are ready to begin using the software and the demo board.

EL_L 3

L4

[Fae Scipn Debug

CH1 GPIO MODE

12C Load Switch Device GUI
Wb Lol Cordear e .
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T
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- = = | VI MOOK 2 ) MO CHaNstLs ENARED

— 1 008 1 ) o N :

R cezasiin R CH2 DISABLED 1 MCOS 3 ) M) CHANNELS ENARED

U1 €1 GOD U1 CHY SUEW RATE 1 G311 ON DILAY UICHI QOO U1 CHZ SLEW RATE U1 02 O DRRAY | V1 MO 00 Grushiniss a0
92 O My s ] Oben el "

UL MCCE $ 8 M0 CHMANNELS ENARID

CHANNELS ENABLED

U1 MOOE § 55 N0 CHANNELS ENABLID
Ul MOCE 7 ’:] WO CMANSELS ENARED
TEEH3 610 MoDE U1 MOOEE ) 0O CHANNELS ENABRED
3 L CH3 DISABLED 'L CHd DSABLED VI MOCE S §) O Crarinetn INARED
WSEPI0 CH3 DISABLED WSSEPIO CH4 DISABLED {0 w0038 s coummmis oms
UICHIQOD U3 CHE SIPW RATT U1 O001 ON DELAY UL OHA Q0D U1 OM4 SLIW RATE 10 M 0% DELAT
Wiowm MG e 10km  dS0aY (™ UL MOCE LY G MO CounnELS INARID
T | v MOBE L2 B 00 CruanLS ENARED
u Tesster deta 5120074 5147 AN [ comacTin | 1e A Toas INSTRUMENTS
Figure 5. I°C Load Switch GUI Application Window
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4.1 High Level Functionality
(A) The HL U1 — U7 Tabs contain high level controls that set the device to specific register settings. Each
change in the control value results in a register write to the device.
(B) There are 6 different controls for each channel on the device
*«  CHx GPIO/I2C Mode
* CHx I2C Disable/Enable
* CHx GPIO Disable/Enable
+  CHx QOD resistance
*  CHx Turn On Slew Rate
¢ CHx Turn On Delay Time
(C) The GUI also provides Mode Register Controls for each device
(D) The SwitchALL™ control communicates with all devices simultaneously.
(E) See Figure 6 showing the different controls (SwitchALL™, Channel Controls, MODE Registers)
12C Load Switch Device GUI
R | —=Switch All Control communicates with all devices simultaneously
Wy swhenaut- | =
| :jj " 1838 _’ ! o Conligps lﬁ-bm
e [0 w I ™ | ™ w [ ™ w
] ADO31 & (0000 ADCHL = 0600l | ADDMI=0BOI0 | ADOME «e011 ADOMLaf0l00 | ADOBE 08NN ADORY » bttt
Lov Lo ertrn 12 Different Mode
Ul CONFIG CONTROLS Register Controls
CH1 Settings CHI Settings | MODE Settings ]
; e ont b _—_a'\f‘ U1 RACKH 3 ) 140y CHAANNELS EMABLED
GPID CH1 DISABLED UL MODE 3 ) NO CHANMELS ENARLED
6 Different / :‘:.c:nnqnn Ix?mun l.::(n:muu‘_ !I:ln::qm Lxmlmwnn l::uuonuu- UL MCEE & ) 1o CHANNELS ENABLED
Semngs for — L W1 MG 3 £ MO CHANNELS ENABLED
EACH Channel UL MODES ) 10 CHANNILS INARLLD
\ | CH CHd Settng UL AMCOE T £ N0 CHANNELS ENABLED
0 : '_ U MACDH & 5 0 CHANNILS ENABLID
- il i > :ﬂk"lﬁ?gn:xwﬁlml:}
EEM0 cH3 DISABLED 3P10 DISABLED UL MOOK 19 ) D CHANNELS ENABLED
L CHY QOD L CH SLDW RATE U1 CH2 OM DELAY | U1 O QOO 1l CHA SLEW RATE U1 0O ON DELA
L 0mm WO N | daonen | a0uaw 11w U1 WACTE 11 28 MO CMANMIL ENARLD
i U1 MOOK 12 ;‘.w;-\n.l.wa‘:lrumlc
. - Lipsabed ¥ * = et Stas WD 1000 39 AM version 100 _ e Q'rmnbmm
Figure 6. Description of the Different Control in the GUI
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4.2 Select U1 -U7
(A) You can navigate to the controls for U1 — U7 in two different ways.
(B) The first way is by clicking the device tab (U1, U2, U3, etc.).
(C) The second way is by clicking the high level functions on the left side of the screen, see Figure 7.
(D)

D) Be sure that the I°C address is properly configured using jumper points JP7, JP9, JP11, JP20, JP22,
and JP23. The configured address should correspond to the address appearing on the specific device

tab.

3 onicet =

| e Scapt Debug
S —

Use High
Level page
selection to
navigate
between
devices

g o - Use tabs to select device,
[ aw M I L Mﬂih»w
gl ul [ v | us | U ur
. (R AD0EY x OR000 MDD = D001 ADDE] = D010 ADORY « Se0tl ADORL = Sh100 | ADCRS w D820 ADORL = (0L30
1]
- Ul CONFIG CONTROLS

| CH2 Settingn [MODE Settings

UL NACKHE § ) 0 CMANINILS ENABLED)

CH2 GPIO MODE
..... e U2 MACH J G a0 CMAMINEL S ENABLED

UL MAGE 3 5 et OrkpinaiL L ENABLED

GPIO CH2 DISABLED

UL CHE QOO U8 €M1 SUEW RATE 113 CH1 OM DELAY U1CHZ QOO L CH SLIW RATE U1 CHQ ON DELAY | 48 MODE 4 8 10 Couanpiit s ENARLED

5 Ohen e e AL Otn Sy e
VI AAO0M S ) 150 CHAMMELS ENARLED
U1 MODE S :‘I WO CHANNILS ENARUID
|EH3 Settings | | CH4 Settings UL AAOOH T £ 1 CHANNELS ERARLED

e

| U1 MOOE § .:I NG THANNELS ENARLIED

GPIO CH3 DISABLED GPIO CHa DISABLED Wl MEOH 38 ) Mo CHAMIERLS ENARLED
UM QOD U O SLEW RATE U CH3 OM DELAY U1 CHAQOD (7] CHE SLFW RATE 10N ON DELAY
S = = Ry o Ties w ufci.;;‘:’u.':nm.',uunl:!
" | wmooEar ;na:: CHANNILS [NABLED
T e [ cowmcTio i3e 49 Texas IsTRUMENTS

Figure 7. Ways to Select Device Control
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4.3 GPIO Mode or FC Mode for Each Channel

(A) The CHx GPIO Mode/I’C Mode Control will set the channel on that specific device to respond to either
the GPIO Enable Pin or the IC EN register bit. See Figure 8 showing CH1 and CH2 of U1 are set to

the 2 different modes.

(B) Also the disable/enable control for the alternate mode will become inactive to the user. In Figure 8, I’C
CH1 Disable is pink which indicates this does not have an effect on the output of CH1 and this is the
same for GPIO CH2 Disabled; the user will not be able to change the value on the high level page until
the channel mode selection has been changed. Figure 8 shows the controls that are active and de-

activated for CH1 and CH2.

Switch ALL™

] 1638

Vi Veron

m uz
ADO3Y & ORi00 ADORL = 00001

ADOR = b0

lip Go o Abest

ur

| [ us | us
| ADDEL « 0011 ADDR1 = Sul00 ADCDA » Oadd] ADORY = (alld

U OHE QOO WFE CHE SLEW RATE U1 Ol
¥ Ohem Y lwm

Active Mode

M0 cHa DISABLED
U1 OM3 QO WL CHD SUEW RATE L0 OH3 OM DELAY

PBioem

W' Hw

= Ul CONFIG CONTROLS

MHODE Settings

UL MO L :j O CHARNIL S EMABULD

CH1 Settings
J—

CH2 GPIO MODE

| S o U1 MACKH 3 ) 1) CHAANNELS EMABLED
w—2PO CH2 DISABLED U1 MACOE 3 ) N0 CHAMELS EMARLED

UL MODE & 5 NO CHANNELS ENARUED

U CHZ QOD (4L CH2 SLEW RATE U1 CHD ON DELAY
#51 Ohen L s
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UL MODE € £ 0 CHANNILS INARLD

|4 Sertings ML MACOE T ) N0 CHAMNELS EMABED
| —

CH4 GPIO MODE

U1 MO 8 } N CHANNELS ENABLED

TR S B RSO NPLELY Mt MAODSE ) 1> IAMNELS ENABLED
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| U108 QOD 1l CH SLEW RATE U1 OO ON DELAY
Ay s
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49 Texas INsTRUMENTS

Figure 8. Set GPIO Mode or I’C Mode on Different Channels
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4.4 SwitchALL™ Functionality and Mode Registers

(A) To use the SwitchAll™ function, the GUI CONFIG controls for all channels must be set to the 1°C

Mode, and the I2C communication must be enabled.

(B) You can use the SwitchALL™ functionality by configuring the Mode Register controls for each specific

mode register on the two devices.

(C) For example U1 MODE1 is configured to enable CH1 only and U2 MODE1 is configured to enable

CH2 only, you must set these first before sending the SwitchALL™ command, see Figure 9 and

Figure 10.

(D) Once you set the SwitchALL™ control to MODE1 then SwitchALL™ command will be sent to both
devices and each device will respond according to how you have configured the MODE1 register for

that device, see Figure 11.

3 DewceGit ==~
Fie Smpt Debeg
L e
| U1 MODE1 - Set to CH1 Enabled,
— . " All other channels disabled ™\, foete o Lot Comtpestion o 1o At
e " uz | ul ™ — s
L LS ADDR] = (000 ADDEL = D001 | ADDGR] = Db ADDR] » f0011 . ADORY » talld

U OMZ QOO0 UL CH2 SLEW RATE U1 CHT ON DELAY

| UL CHE QOD (FE CHE SLEW RATE U8 CHE OB DELAY
4 #51 Ohen Sy 1w

951 Onem L LHE]

UL CHE QOO WL CH SLEW RATE U0 CHE OM DELAY
wiomm L L

o r |
UL O QOO0 U CH4 SUDW RATE /1 O ON DELAT
1 Ohen e FRE

M v -+ Wte LJ1_MODE 1 MR 1000 30 AM

= Ul CONFIG CONTROLS

ULMCEE L ) Chy (NARED

| maCRA 2 ) wao CHameLs EMABLED

J | L MCOE S B N CHANNERS ENABLED

| | e mo0e 1§ o CHaniEns ENARED

() L= b g NO CHANNILS ENABLED

L1 MAOTE 11 9 O CHabiL S MR

Ul MOOE 12 8 NO CMAsaILs IPABLID

U1 MCOE 3§ N0 CHAMMILS EMARLED

UL MO & ) 10 CMANMELS ENABLED

UL MODES £ 10 CHANNILS INARID
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w8 Tows b

Figure 9. Set U1 Mode1 Register to CH1 Enabled
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Figure 10. Set U2 Mode1 Register to CH2 Enabled
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Figure 11. Set SwitchALL™ Control to MODE1 to Send SwitchALL™ Command
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4.5 Scripting Functionality
(A) Restart the Device GUI to insure the GUI starts with the known default values.
B) Go to the drop down menu Script >> Launch window as shown in Figure 12.
) A Python scripting window should be launched named Untitled as shown in Figure 13.
) Go to the drop down menu Script >> Start Recording, see Figure 14
)

E) The Python script should begin flashing green and additional text should show up in the window, see
Figure 15.

(F) You are now ready to record the actions in the 12C Load Switch GUI. Click on the U2 tab to select
device U2. Click on CH1 GPIO Mode it should transition to CH1 12C MODE, Click on I12C CH1 Disable
and it should transition to 12C CH1 Enabled and turn Green, Click on U2 CH1 QOD and select 110 Q,
Click on U2 CH1 Slew Rate and select 250 us/V, and Click on U2 CH1 ON Delay and select 105 ps.

(G) Your GUI screen should look like Figure 16 after you have finished clicking the controls.
(H) These steps should have been recorded in the Python script GUI, see Figure 17.

() Go to the script drop down menu and select Stop Recording, see Figure 18. The Python window
should now have the GUI.__del__ () command added to the last of the script and the Python window
should have stopped flashing green.

(J) Open the Python window and go to File >> Save As, see Figure 19

(K) Browse to the Desktop and put the file name as test_gui_script.py (to save the file, you must enter the
.py file extension at the end of the file name, for example, test.py) and save it to the desktop, see
Figure 20.

(L) Go to the I°C Load Switch GUI and Select File>> Exit, see Figure 21 to exit the application.
(M) Restart the application and go to Script >>> Launch Window.

(N) In the Python window go to File >> Open>> and Browse to the test_gui_script.py file on the desktop,
see Figure 22.

(O) In the Python window go to Run >> Run Module, see Figure 23. The Python script should run and
another python window should pop us saying Script Completed Successfully.

(P) The I’)C Load Switch GUI setting for U2 CH2 should now be updated to the setting from the recording
after restarting the application and running the script, see Figure 24.

SLVU999C—October 2013 —Revised October 2014 PC Load GUI and EVM Board 13

Submit Documentation Feedback
Copyright © 2013-2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVU999C

Device GUI SW

13 TEXAS
INSTRUMENTS

www.ti.com

=

:_u%«(«iw”‘ |-mm.*- ik 1
B U1l CONFIG CONTROLS
[MODE Settings

"V CH1 GPIO MODE

—ton

GPIO CH1 DISABLED

51 Oheny iy thn

ULOHE GO0 U1 CHE SLEW RATE U1 (M1 OM DELAY

VGPIO CH2 DISABLED

U1 CHE QOO U CHE SLIW RATE £11 CHE ON DELAY
51 Ohen SV

UL MO0E L ) O CrunnmatLt ENARLID
UL MACEL L ) MO CHANNELS ENABLED
UL BODE ) O ErunLS ENABLED

UL MOOE 4 gwcmﬁumm
U

UL MO 3 ) NO CHANMELS ENARLED

UL AODE 6 ) o CounnILS ENARID

"GP0 CH3 DISABLED

T Owm oy b

UL ORI QOO W0 CHE SLEW RATE 08 CH3 ON DELAY

CH4 GP1IO MODE
|——E O o1saBLED

"TGPIO CH4 DISABLED

U R QOO 0L CHE SLEW RATE LI1 CHl ON DELAY
743 Ot ey

U MO T ) 0 CHANMELS ENABLED
UL MGEE | ) O CHANELY ENABLED
ULMODE ) 1O CHareLS ENARLID
UL ACER B9 ) 1O CHAMMELS ENARLED

e u muamcm\nmm

Man v -+ Ligdated Tre Tree st rejoder Getads

WIZ20M 03029 AN

Ve 1000

UL MODE 12 8 N CHANNILS ENAIRED

49 Toas InsTRUMENTS

Figure 12. Launch Script Window
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Figure 13. Python Script Window Pops Up

14 PC Load GUI and EVM Board

SLVU999C—October 2013—Revised October 2014
Submit Documentation Feedback

Copyright © 2013-2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVU999C

13 TEXAS
INSTRUMENTS

Device GUI SW

www.ti.com

3 bnacetit o i - |

12C Load Switch Device GUI

Magh | el oo st -
1 kmn 7 Switch ALL o —
| -:lus 24838 50 10 Low Level { orfogur o b About
P n w w ™ v | e w
L ADO31 » 00000 ADOE1 » S0001 ADC » S0018 ADCHA « D801 ADOM » 0MM0 | ADOL « ORiDL ADCM « D610
- L' : :
Low Lvel Contausnon
- U1l CONFIG CONTROLS
| CH1 Settings | [cM2 Settings | MOOE Settings
— — U3 MO0 1 ) 0 CHANSELS EMASLED
CH1 GPIO MODE CH2 GP1IO MODE -
11 DISABLED ' ; ' DISABLED 3 U3 MODE 2 £ N0 CHANNILS ENABLID
60 cH2 DISABLED | | 3000 G w0 crases nasui
ULCHEQOD UE CHI SLPW RATE 11 CH1 OM DELAY UL CHZQOD U CH2 SUEW RATE UL CH2 OM DELAY | U3 MODE S §) o hanentns INas 1D
PO e i 1 OMN | SV Ll F
U3 MO0E S B M0 CHANNELS ENASLED
U MACOE & f’I MO CHANNELS [NASLID
CHA4 Settings | | 00067 8 o CHarennLs iasuLin

CH3 GPIO MODE CH4 GPIO MODE 13 MAODE B ) 0 CHANSELS ENASLED

1 U3 MAOOE :.IPB’JIZIiMJl‘Il'-IF-ﬂ:II'

WSEPIO CHa DISABLED

WEMO0 cH3 DIsABLED
UL OHI QOO0 U CH SUTW RATE ulcutnumu\: UL M QOD U OH4 SLEW RATE UL CM OM DELAY
I 00w [ pH" # Con A 1w

(R AGOL 10 S5 M0 CHANMELS ENASLID

UL AC0K 1L ) MO CHANNILS INARID

| 00K 12 3 o Cruasedis InamID

Figure 14. Select Start Recording
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Figure 15. Python Script Window Begins Flashing Green
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Figure 16. GUI Screen after Clicking U2 CH1 Controls
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Figure 17. Python Script Window after Recording after Clicking U2 CH1 Controls
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Figure 20. Must Enter the .py at the End of the File Name to Save the Python File Correctly
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Figure 21. Select Exit on the Device GUI
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Figure 22. Open Test_gui_script.py File
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Figure 23. Run the Recorded Script
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Figure 24. U2 Settings after Executing the Module and Running the Script
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5 Schematics and Layouts

5.1 Schematics
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Figure 25. I°C Load Switch EVM Board Schematic (1 of 3)
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Figure 26. I°C Load Switch EVM Board Schematic (2 of 3)
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Figure 27. I°C Load Switch EVM Board Schematic (3 of 3)

SLVU999C—October 2013 —Revised October 2014
Submit Documentation Feedback

Copyright © 2013-2014, Texas Instruments Incorporated

PC Load GUI and EVM Board 23


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVU999C

Schematics and Layouts

13 TEXAS
INSTRUMENTS

www.ti.com

5.2 Layouts

Q

Ef

EHT'!EU!IEE @

l.lﬂill@

58 3.auH
Cid @:Eﬂ:ru"mw @]
- M@ CHANNEL W2 MI@ﬂ o
[+]

o8
o
o

A0

g El

ewo[]

o=
2

)"r%"?%“i?%’d’
@"’""c

I].m

[oons

&
HANNEL #3 (houra semse

b

Euve

B

£

i

@mn

UVIML 5[“5[@ Emﬂ - Dw @UIN‘I SENSE
w® o) | e @ S
CHANMNEL #1
vour1 sense () wuf | EDme  CHANNEL #4  virs sowe
]
5 Texas e 3
INSTRUMENTS “@ @“L - B &
Do S 3 b
. CHANNEL #6 CHANNEL #7
vauTs smsu—:@ UNG@ umz@ o @mur? s:nss:
UtiTE a1of] bl [Jeero 'anu
®m UIHE SEMSE @ WD Dm ]?@mu? SENSE
wm@ EI B E] um? E
@mm E
1R 2048 uiﬂl@ E @waﬂ SE
UING SENSE sl < [Jsuo @1m o
m..lm@ m:uﬂ X 8 D“’I @mmn

O

uauTs um@ CHANNEL #5 m&@ @rm —_— #gm“ SENS] @mu
HUL-033A 2013 32 E Ol
GND

Figure 28. I°C Load Switch EVM Board Top Assembly
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Figure 30. I°C Load Switch EVM Board Top Side (Minus GND Pour)
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Figure 31. I°C Load Switch EVM Board Bottom Side (Minus GND Pour)
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6

EVM Setup

Use Table 1 to connect to the EVM. Two operating modes will be explained further in Section 6.2 and
Section 6.3. A valid voltage level for VIN, VDD, and VBIAS must be present for proper switch operation.

6.1 List of Test Points and Jumpers
Table 1. Functions of Test Points and Jumpers
Test Name Description Default Setting
Points
J1 USB2ANY Cable Connects the USB2ANY to the EVM Connected
J2 AUX EVM Bottom Allows for an additional EVM connected to the EVM in use Not Connected
J3 AUX EVM Top Allows for an additional EVM connected to the EVM in use Not Connected
JP1 EXT VIN /USB Connects 3p3V USB2ANY or EXTPOWER VIN to VIN1-8 Jumpers Short to USB 3.3 V
JP2 VIN1 Connects voltage to VIN1 Short
JP3 VBIAS1 /USB Connects 5V USB2ANY voltage to VBIAS1 Short
JP4 VDD1 Connects 3.3V USB2ANY voltage to VDD1 Short
JP5 VIN2 Connects voltage to VIN2 Short
JP6 VIN3 Connects voltage to VIN3 Short
JP7 ADD3 Connects SWITCH1 ADD3 to GND or VDD1 (thru 10K ohms) Short JP7 to 0
JP8 VIN4 Connects voltage to VIN4 Short
JP9 ADD2 Connects SWITCH1 ADD2 to GND or VDD1 (thru 10K ohms) Short JP9 to 0
JP10 ON1 Connects SWITCH1 ON1 to GND or GPIO2 Short JP10 pin2 to 3
JP11 ADD1 Connects SWITCH1 ADD1 to GND or VDD1 (thru 10K ohms) Short JP11t0 0
JP12 ON2 Connects SWITCH1 ON2 to GND or GPIO3 Short JP12 pin2 to 3
JP13 ON3 Connects SWITCH1 ON3 to GND or GP104 Short JP13 pin2to 3
JP14 ON4 Connects SWITCH1 ON4 to GND or GPIO5 Short JP14 pin2 to 3
JP15 VDD2 Connects 3.3V USB2ANY voltage to VDD2 Short
JP16 VBIAS2 /USB Connects 5V USB2ANY voltage to VBIAS2 Short
JP17 VINS Connects voltage to VIN5 Short
JP18 VING Connects voltage to VING Short
JP19 VIN7 Connects voltage to VIN7 Short
JP20 ADD3 Connects SWITCH2 ADD3 to GND or VDD1 (thru 10K ohms) Short JP20 to 0
JP21 VIN8 Connects voltage to VIN8 Short
JP22 ADD2 Connects SWITCH2 ADD2 to GND or VDD1 (thru 10K ohms) Short JP22 to 0
JP23 ADD1 Connects SWITCH2 ADD1 to GND or VDD1 (thru 10K ohms) Short JP23 to 1
JP24 ON5 Connects SWITCH2 ON1 to GND or GPIO6 Short JP24 pin2 to 3
JP25 ON6 Connects SWITCH2 ON2 to GND or GPIO7 Short JP25 pin2 to 3
JP26 ON7 Connects SWITCH2 ON3 to GND or GPIO8 Short JP26 pin2 to 3
JP36 EXT 5.0V Connects voltage for LED from switch Short to USB5V
TP1 EXT VIN Connection point foe EXT VIN input
TP2 VDD1 Connection point to VDD1
TP3 VBIAS1 Connection point to VBIAST
TP4 VIN1 Connection point to VIN1
TP5 VOUT1 Connection point to VOUT1
TP6 VOUT1 SENSE Connection point to VOUT1 SENSE
TP7 VIN2 SENSE Connection point to VIN2 SENSE
TP8 VIN2 Connection point to VIN2
TP9 VOuUT2 Connection point to VOUT2
TP10 VOUT2 SENSE Connection point to VOUT2 SENSE
TP11 VIN2 SENSE Connection point to VIN2 SENSE
TP16 VIN3 Connection point to VIN3
TP12-15 GND Connection point to AGND
TP17 VOUT3 Connection point to VOUT3
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Table 1. Functions of Test Points and Jumpers (continued)

Test Name Description Default Setting
Points

TP18 VIN3 SENSE Connection point to VIN3 SENSE
TP19 VOUT3 SENSE Connection point to VOUT3 SENSE
TP20 VIN4 Connection point to VIN4

TP21 VOUT4 Connection point to VOUT4

TP22 VOUT4 SENSE Connection point to VOUT4 SENSE
TP23 ON1 Connection point to ON1

TP24 VIN4 Connection point to VIN4

TP25 ON2 Connection point to ON2

TP26 ON3 Connection point to ON3

TP27 ON4 Connection point to ON4

TP28 vDD2 Connection point to VDD2

TP29 VBIAS2 Connection point to VBIAS2

TP30 VINS Connection point to VIN5

TP31 VOUT5 Connection point to VOUT5

TP32 VIN2 SENSE Connection point to VIN2 SENSE
TP33 VOUT5 SENSE Connection point to VOUT5 SENSE
TP34 VING Connection point to VING

TP35 VOUT6 Connection point to VOUT6

TP36 VIN6 SENSE Connection point to VIN6 SENSE
TP37 VOUT6 SENSE Connection point to VOUT5 SENSE
TP38 VIN7 Connection point to VIN7

TP39 VOuT7 Connection point to VOUT7

TP40 SDA Connection point to SDA

TP41 SCL Connection point to SCL

TP42 VIN7 SENSE Connection point to VIN7 SENSE
TP43 VOUT7 SENSE Connection point to VOUT7 SENSE
TP44 VIN8 Connection point to VIN8

TP45 VOUT8 Connection point to VOUT8

TP46 ON5 Connection point to ON5

TP47 VOUT8 SENSE Connection point to VOUT8 SENSE
TP48 VIN8 SENSE Connection point to VIN8 SENSE
TP49 ON6 Connection point to ON6

TP50 ON7 Connection point to ON7

TP55 ON8 Connection point to ON8

TP51-54 GND Connection point to AGND

6.2 EVM USB Powered Mode

When the jumpers are placed in the default setting described in Table 1. The USB2ANY module will
supply all necessary power (VIN, VDD, VBIAS, and VLED) for both U1 and U2 load switches. The
functionality of the load switches Trise, Tfall, Ton, and QOD can be programmed using the GUI
commands and viewed by connecting a scope to the desired switch output. When powering the I°C Load
Switch in the USB powered mode the user may NOT place excessive loads on the switch outputs. The
USB2ANY power sources are limited to 500 mA.
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6.3 EVM External Powered Mode
External Power Sources can be connected directly to VIN, VDD, VBIAS, and VLED. To connect externally
to VIN move JP1 shunt to pin1 to pin2 position, and connect power source to TP1. (VIN operating voltage
levels are from 1.0V to 3.6V). When connecting VDD1 externally, remove JP4 shunt and connect power
source to TP2, for VDD2 remove shunt from JP15 and connect voltage to TP28. (VDD operating range is
1.62 to 3.6 V). To connect directly to VBIAS1 remove JP3 shunt and connect power source to TP3. For
VBIAS2 remove shunt from JP16 and connect power source to TP29. (VBIAS operating voltage levels are
from 4.5 to 17.2 V). External voltage can be applied for the LED’s place JP36 shunt on pin1 to 2 and
connect voltage source to TP56. (VLED =4 V — 5 V). By connecting an external power source to the VIN
inputs the 1.2 A VOUT max continuous current limit may be exercised.
7 Load Switch Performance
The 12C Load Switch enables the user to set different slew rate, delay the turn on time, and control the
output discharge (or) turn off rate as desired using simple I°C commands. Examples of this flexibility are
shown in the sections below. Each switch channel is configurable independent of the other switch
channels.
Each switch channel is configurable independent of the other switch channels. Examples of this flexibility
are shown in the following plots using these test conditions:
« VIN=26V
e VBIAS=72V
e CIN=1pF
« COUT =0.1pF
* Rload=10Q
+ Temp = Room (~25°C)
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Figure 32. Programmable Slew Rate Control
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Figure 33. Programmable Turn on Delay Time
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Figure 34. Programmable Output Discharge (Fall Time Control)
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7.1 Switch Parallel Configuration Mode

Shorting resistors may be placed on the switch outputs to connect them in a parallel configuration; these
resistors are not populated when shipped. Placing a 0 Q 2512 1W size resistor across R21 pads connects
switch1 VOUT1 and VOUT?2 in parallel, R22 connects VOUT1 and VOUT4 and R23 connects VOUT3 and
VOUT4. Switch2 connects in the same manner using R24, R25, and R26. When connecting switches in
parallel the continuous current drawn through the device may be increased, and the On resistance (Ron)
across the parallel switch configuration is decreased. Figure 30 shows switch performance examples of
the TPS22993 in parallel configuration.

TP 3522993 Parallel Ron vs VIN @lloads =200mA, 800mA, 2.4A, 3.6A, 4.8A

3.877E-03

L e
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— 3 5W_E00mA_WE_T.2V
— SN2 44 VE_T.2Y
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— 3 SW_E00mA_WE_10.8Y
— S _2.44_WE_10.8Y
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— 5 _B00mMA_WE_T.2Y
ISW_3.64_VB_T.2V
3ISW_200ma_VB_10.8V
g 3SW_800ma_WEB_10.8v ||
1.775E-03 3SW_3.64_VB_10.8V
4SW_200ma_VB_T.2V
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Figure 35. TPS22993 All Four Switches Connected in Parallel Configuration
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