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Using the TPS59650EVM-753 Intel™ IMVP-7 3-Phase
CPU/2-Phase GPU SVID Power System

The TPS59650EVM-753 evaluation module (EVM) is a complete solution for Intel™ IMVP7 Serial
VID(SVID) Power System from a 9V-20V input bus. This EVM uses the TPS59650 for IMVP7 - 3-Phase
CPU and 2-Phase GPU Vcore controller, the TPS51219 for 1.05VCCIO, TPS51916 for DDR3L/DDR4
Memory rail (1.2VDDQ, 0.6VTT and 0.6VTTREF) and also uses the (CSD87350Q5D) a 5mm x 6mm TI's
power block MOSFETSs that uses Powerstack™ technology with high-side and low-side MOSFETSs for high
power density and superior thermal performance.
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1 Description

The TPS59650EVM-753 is designed to use a 9V-20V Input bus to produce 6 regulated outputs for IMVP7
SVID CPU/GPU Power System. The TPS59650EVM-753 is specially designed to demonstrate the
TPS59650 full IMVP7 mobile feature while providing GUI communication programing and a number of test
points to evaluate the static and dynamic performance of TPS59650.

1.1 Typical Applications
* IMVP7 Vcore Applications for Adapter, Battery, NVDC or 3V/5V/12V rails

1.2 Features

The TPS59650EVM-753 features:

* Complete solution for 9V-20V Input Intel IMVP7 SVID Power System
* GUI communication to demonstrate full IMVP7 Mobile feature

e 3-Phase CPU Vcore can support up to 94A output current

e 2-Phase GPU Vcore can support up to 46A output current

» 8 Selectable Switching frequency for CPU and GPU power

» 8 Levels selectable current limit for CPU and GPU power

» Switches or Jumpers for each output enable

* On Board Dynamic Load for CPU, GPU Vcore and VCCIO output
» High efficiency and high density by using Tl power block MOSFET
« Convenient test points for probing critical waveforms

» Eight Layer PCB with 1oz copper
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TPS59650EVM-753 Power System Block Diagram
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Figure 1. TPS59650EVM-753 Power System Block Diagram
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CPU/GPU
CPU Load VR ON
Connector —
| CSD87350Q5D |
OCL, FSwW
CPU Core selection
TPS59650
TPS51219 GPU CORE
VCCIO
Intel SVID GUI
from USB GPU Load Connector

Chief River CPU
socket

3 Electrical Performance Specifications

TPS51916
DDR3L/DDR4
Memory Rail

Figure 2. TPS59650EVM-753 EVM lllustration

Table 1. TPS59650EVM-753 Electrical Performance Specifications®

PARAMETER | TEST CONDITIONS | MmN | TYP | max | uniTs
INPUT CHARACTERISTICS

12VBAT input voltage range VBAT 9 12 20 \%
Maximum input current VBAT = 12V, all full load (3-Phase CPU/2-Phase GPU) 15.5 A
No load input current VBAT=12V, all no load(3-Phase CPU/2 Phase GPU) 0.14 A
5VIN input voltage range 5Vin 4.5 5 5.5 \
Maximum input current VBAT =12V, all full load 0.3 A
No load input current VBAT=12V, all no load 0.1 A
OUTPUT CHARACTERISTICS

CPU(TPS59650)

Output voltage Vcore SVID: Address:00 CPU, Payload: 1.05V 1.05 \

Line regulation 0.1%
Output voltage regulation - -
Load regulation(Droop) Load Line -1.9 mQ

Output voltage ripple VBAT=12V, 1.05V/90A(3-Phase) at 300kHz 25 mVpp
Output load current CPU 3-Phase operation 0 94 A
Output over current Selectable per phase 37 A
Switching frequency Selectable 250 300 600 kHz
Full load efficiency VBAT=12V, 1.05V/95A at 300kHz 80.05%

GPU(TPS59650)

Output voltage Vcore SVID: Address:01 GPU, Payload: 1.23V | ‘ 1.23 ‘ ‘ \%
@ Jumpers set to default locations, see section 6 of this user's guide
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Table 1. TPS59650EVM-753 Electrical Performance Specifications® (continued)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output voltage regulation Line regulation 0.1%

Load regulation(Droop) Load Line -39 mQ
Output voltage ripple VBAT=12V, 1.23V/50A 2 Phase at 385kHz 30 mVpp
Output load current 0 50 A
Output over current Selectable per phase 37 A
Switching frequency Selectable 275 385 660 kHz
Full load efficiency VBAT=12V, 1.23V/50A 2 Phase at 385KHz 86.58%
1.05V VCCIO (TPS51219)
Output voltage 1.05 \

Line regulation 0.1%
Output voltage regulation -

Load regulation 0.1%
Output voltage ripple VBAT=12V, 1.05V/10A 30 mVpp
Output load current 0 10 A
Output over current 16 A
Switching frequency Selectable 500 kHz
Full load efficiency VBAT=12V, 1.05V/10A 89.87%
DDR3L/DDR4 Memory Rail (TPS51916)
Output voltage 1.2 \Y,

Line regulation 0.1%
Output voltage regulation

Load regulation 0.1%
Output voltage ripple VBAT=12V, 1.2V/8A 30 mVpp
Output load current 0 8 A
Output over current 10 A
Switching frequency Selectable 500 kHz
Full load efficiency VBAT=12V, 1.2V/8A 89.07%
Operating temperature 25 °C

4 Test Setup

4.1 Test Equipment

41.1 PC Computer (Host Computer)
Microsoft Windows XP or newer with available USB port

41.2 USB Cable

The USB Cable: Standard USB_A to USB_B 5 Pin Mini-B cable. See Figure 3.

Figure 3. USB Cable
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4.1.3 TPS59650 USB driver and SVID GUI Installation
1. Copy the both files: setup.exe and setup.msi to the host computer.
2. Run this setup.exe.
3. Following installation Instructions, this will install the driver and the Texas Instruments SVID GUI.
4. 1t will add the below icon
Ed L"i'
SYIDENM v
414 DC Source

4.1.5

4.1.6

4.1.7

12VBAT DC Source: The 12VBAT DC source should be a 0-20V variable DC source capable of
supplying 20Adc current. Connect 12VBAT to J21 as shown in Figure 4.

5Vin DC Source: The 5Vin DC source should be a 0-5V variable DC source capable of supplying 1Adc
current. Connect 5Vin to J22 as shown in Figure 4.

Meters
e V1: 5Vin at TP81(5Vin) and TP83(GND)
* V2: 12VBAT at TP82(VBAT) and TP24(GND)

» V3: CPU Vcore sense voltage at J7; GPU Vcore sense voltage at J9; VDDQ sense voltage at J20,
VCCIO sense voltage at J16

e Al: 12VBAT input current

Load

The output load should be an electronic constant current load capable of 0-90Adc.

Oscilloscope

A digital or analog oscilloscope can be used to measure the output ripple. The oscilloscope should be set
for IMQ impedance, 20MHz Bandwidth, AC coupling, 2us/division horizontal resolution, 50mV/division
vertical resolution. Test point TP30 and TP46 can be used to measure the output ripple voltage for CPU
and GPU. Do not use a leaded ground connection as this may induce additional noise due to the large
ground loop.

4.2 Recommended Wire Gauge
1. V5in to J22(5V input):
The recommended wire size is 1x AWG #18 per input connection, with the total length of wire less than
4 feet (2 feet input, 2 feet return).
2. 12VBAT to J21(12V input):
The recommended wire size is 1x AWG #16 per input connection, with the total length of wire less than
4 feet (2 feet input, 2 feet return).
3. J1,J2,J3(CPU) to LOAD or J4, J5 (GPU) to LOAD or J19 (VDDQ) to LOAD or J15(VCCIO) to
LOAD:
The minimum recommended wire size is 2x AWG #16, with the total length of wire less than 4 feet (2
feet output, 2 feet return)
4.3 Recommended Test Setup
Figure 4 is the recommended test set up to evaluate the TPS59650EVM-753.Working at an ESD
workstation, make sure that any wrist straps, bootstraps or mats are connected referencing the user to
earth ground before handling the EVM.
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Figure 4. TPS59650EVM-753 Recommended Test Set Up
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A standard USB_A and 5 pin Mini_B USB cable needed to connect between host computer and J34 USB
port (left bottom side). A GREEN LED(D13) will light up near the USB port on the EVM. This just means
USB cable is connected.

4.5

Input Connections

1. Prior to connecting the 5Vin DC source, it is advisable to limit the source current from 5Vin to 1A
maximum. Make sure 5Vin is initially set to OV and connected as shown in Figure 4.

2. Prior to connecting the 12VBAT DC source, it is advisable to limit the source current from 12VBAT to
10A maximum. Make sure 12VBAT is initially set to OV and connected as shown in Figure 4.

3. Connect voltmeters V1 at TP81 (5Vin) and TP83 (GND) to measure 5Vin voltage, V2 at TP82 (VBAT)
and TP24 (GND) to measure 12VBAT voltage as shown in Figure 4.

4. Connect a current meter Al between 12VBAT DC source and J21 to measure the 12VBAT input

current.
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Configuration

4.6

5

5.1

511

51.2

Output Connections

1. Connect Load to J1, J2, J3 and set Load to constant resistance mode to sink OAdc before 5Vin and

12VBAT are applied. This is for CPU operation.

2. Connect a voltmeter V3 at J7 to measure CPU Vcore sense voltage.

Configuration

All Jumper selections should be made prior to applying power to the EVM. User can configure this EVM

per following configurations.

CPU and GPU Configuration

CPU/GPU Current Limit Trip Selection (J10 for CPU and J12 for GPU)

The current limit trip can be set by J10(COCP) and J12(GOCP).
Default setting: Level 5 for both CPU and GPU.

Table 2. Current Limit Trip Selection

Jumper set to

Connected Resistor

COCP/GOCP Limit (Typ.)

Left (1-2 pin shorted) 150k Max
2"(3-4 pin shorted) 100k Level 7
3"(5-6 pin shorted) 75k Level 6
4"(7-8 pin shorted) 56.2k Level 5
5(9-10 pin shorted) 39.2k Level 4
6"(11-12 pin shorted) 30.1k Level 3
7™"(13-14 pin shorted) 24.3k Level 2

Right(15-16 pin shorted) 20.0k Min

CPU Frequency Selection (J11)
The operating frequency can be set by J11
Default setting: 300 kHz for CPU
Table 3. CPU Frequency Selection

Jumper set to Connected Resistor CPU
Left (1-2 pin shorted) 150k 600 kHz
2"(3-4 pin shorted) 100k 550 kHz
3"(5-6 pin shorted) 75k 500 kHz
4™(7-8 pin shorted) 56.2k 450 kHz
5"(9-10 pin shorted) 39.2k 400 kHz
6™M(11-12 pin shorted) 30.1k 350 kHz
7"(13-14 pin shorted) 24.3k 300 kHz
Right(15-16 pin shorted) 20.0k 250 kHz
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5.1.3 GPU Frequency Selection (J13)
The operating frequency can be set by J13
Default setting: 385 kHz for GPU.
Table 4. GPU Frequency Selection
Jumper set to Connected Resistor GPU
Left (1-2 pin shorted) 150k 660 kHz
2"(3-4 pin shorted) 100k 605 kHz
3"9(5-6 pin shorted) 75k 550 kHz
4"(7-8 pin shorted) 56.2k 495 kHz
5(9-10 pin shorted) 39.2k 440 kHz
6"(11-12 pin shorted) 30.1k 385 kHz
7""(13-14 pin shorted) 24.3k 330 kHz
Right(15-16 pin shorted) 20.0k 275 kHz
5.1.4 F2808 DSP Program Mode Selection (J39)
The F2808 DSP Program Mode(GUI) Selection can be set by J39.
Default setting: No Jumper shorts on J39 for normal operation
Table 5. F2808 DSP Program Mode Selection
Jumper set to Program Mode Selection
No Jumper on J39 Normal Operation
Jumper on J39 Flash the DSP program to the EVM
5.1.5 5Vin Bias Voltage Option (J33)
The 5Vin Bias Voltage can be used from USB or Externally
Default setting: No Jumper shorts on J33
Table 6. 5Vin Bias Voltage Option (J33)
Jumper set to Selection
No Jumper 5Vin Bias from J22 external
Jumper on J39 5Vin Bias from USB, 5Vin from J22 should not be connected

5.1.6 On Board Dynamic Load Selection (S3 for CPU, S2(upper) for GPU, S2(lower) for VCCIO)
The on board dynamic load can be set by S2 and S3.
Default setting: Push S2 and S3 to “OFF” position to disable the on board dynamic load

Table 7. On Board Dynamic Load Selection

Switch set to Dynamic Load Selection
Push S3 to “ON" position Enable 32A on board dynamic load at CPU
Push S3 to “OFF” position Disable 32A on board dynamic load at CPU
Push S2(upper) to “ON” position Enable 19A on board dynamic load at GPU
Push S2(upper) to “OFF” position Disable 19A on board dynamic load at GPU
Push S2(lower) to “ON” position Enable 10A on board dynamic load at VCCIO
Push S2(lower) to “OFF” position Disable 10A on board dynamic load at VCCIO
12 Using the TPS59650EVM-753 Intel™ IMVP-7 3-Phase CPU/2-Phase GPU SVID SLUU896—March 2012
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517 IMVP-7 VR_ON Enable Selection (S4)

The IMVP-7 CPU/GPU can be enabled and disabled by S4

Default setting: Push S4 to “OFF” position to disable both CPU and GPU

Table 8. VR_ON Enable Selection
Switch set to VR_ON Selection
Push S4 to “ON” position Enable IMVP-7 CPU/GPU Vcore
Push S4 to “OFF” position Disable IMVP-7 CPU/GPU Vcore

5.2 1.2vDDQ, 0.6V VTT and 0.6V VTTREF Configuration
5.2.1 VDDQ S3, S5 Enable Selection

The controller can be enabled and disabled by J18 and J17.

Default setting: Jumper shorts on Pin2 and Pin3 of J18,

Jumper shorts on Pin2 and Pin3 of J17
Table 9. VDDQ S3, S5 Enable Selection
State J17 (S3) set to J18(S5) set to VDDQ VTTREF VTT
SO ON position ON position ON ON ON
S3 OFF position ON position ON ON OFF(High-2)
S4/S5 OFF position OFF position OFF(Discharge) OFF(Discharge) OFF(Discharge)

5.3 1.05V VCCIO Configuration
5.3.1 1.05V Enable Selection (S1)

1.05V Enable can be set by S1

Default setting: Push S1to "OFF” position

Table 10. 1.05V Enable Selection
Jumper set to Selection
Push S1 to “ON” position 1.05V Enabled
Push S1to “OFF” position 1.05V Disabled

5.3.2 VCCIO Output Voltage Selection (J14)

The VCCIO Output Voltage can be selected by J14
Default setting: Jumper shorts Pinl and Pin2 of J14

Table 11. VCCIO Output Voltage Selection

Jumper set to Selection
Jumper shorts on Pinl and Pin2 VCCIO: 1.05V
Jumper shorts on Pin2 and Pin3 VCCIO: 1.00V
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5.3.3 On Board Dyanamic Load Enable Pin (J23)
The on board dynamic load can be enabled or disabled by J23
Default setting: Jumper shorts on J23
Table 12. On Board Dynamic Load Enable/Disable selection
Jumper set to Selection
Jumper shorts Enable on board dynamic load
No Jumper short Disable on board dynamic load

6.1

6.1.1

Test Procedure

Line/Load Regulation and Efficiency Measurement Procedure

© NGO ~wDNPE

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.

CPU

Set up EVM as described in Section 4.3 through Section 4.6 and Figure 4.

Ensure J39 no Jumper shorts on

Ensure all other Jumpers configuration setting by Section 5 before 5Vin and 12VBAT are applied.
Ensure Load is set to constant resistance mode and to sink OAdc

Ensure S1 and S4 are in “OFF” position

Add scope probe on the TP30 for CPU Vcore ripple measurement

Ensure USB Cable is connected between host computer and USB port(J34) on the EVM
Increase 5Vin from OV to 5V. Using V1 to measure 5Vin input voltage.

Increase 12VBAT from 0V to 12V. Using V2 to measure 12VBAT input voltage.

AL

SYIDENM v

Double-Click the icon to launch the GUI program. The GUI window shown in Figure 5.
Push S4 to “ON” position to enable the VR_ON of TPS59650. VR_ON LED will light up.

Now the user is ready to send SVID commends. The GUI at start-up defaults:
Address: 00 CPU, Commend: SetVIDslow, Payload: 1.05V (The user can select the SVID commend by
using the pull-down menu”)

Click “send Commend” and CPU CPGOOD LED will light up, See the GUI window as Figure 5.
Measure V3: CPU Vcore at J7 and Al: 12VBAT input current

Vary CPU LOAD from 0Adc to 94Adc, CPU Vcore must remain in load line

Vary 12VBAT from 9V to 20V CPU Vcore must remain in line regulation

Push S4 to “OFF” position to disable CPU Vcore controller.

Decrease LOAD to OA and disconnect the LOAD from terminal J1, J2, J3

Disconnect V3 from J7.

Disconnect scope probe from TP30

14
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SVID EVM v2.0.0.3
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Figure 5. TPS59650EVM-753 CPU GUI set up Window
6.1.2 GPU

A wbdPR

Address: 01 GPU, Commend: SetVIDslow, Payload: 1.23V
5. Click “send Commend” and GPU GPOOD LED will light up, See the GUI window as Figure 6.

Connect the LOAD to GPU terminal J4, J5 and V3 at J9. Ensure correct polarity.
Add scope probe on the TP46 for GPU Vcore_G ripple measurement

Push S4 to “ON” position to enable the VR_ON of TPS59650. The VR_ON LED will light up.
Now you are ready to send SVID commends for GPU. Using pull-down menu:
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SVID EVM v2.0.0.3
File Setup Tools  Help
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Figure 6. TPS59650EVM-753 GPU GUI set up Window

Measure V3: GPU Vcore_G at J9 and Al: 12VBAT input current

6

7. Vary GPU LOAD from 0Adc to 50Adc, GPU Vcore must remain in load line
8. Vary 12VBAT from 9V to 20V GPU Vcore must remain in line regulation
9

Push S4 to “OFF” position to disable GPU Vcore controller.

10. Decrease LOAD to OA and disconnect the LOAD from terminal J11

11. Disconnect V3 from J9.

12. Disconnect scope probe from TP46

13. Exit SVID GUI window: click File — click Exit

14. Disconnect the USB cable between host Computer and EVM

*3 Texas Instruments
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6.1.3 VDDQ
Connect the LOAD to VDDQ terminal J19 and V3 at J20. Ensure correct polarity.

Remove Jumper from J17, J18 from pin2 and pin3 and put this Jumper on pinl and pin 2 of J18, J17
to enable S5 of VDDQ controller. VDDQ PGOOD LED will light up.

Measure V3: VDDQ at J20 and Al: 12Vin input current

Vary VDDQ LOAD from 0Adc to 8Adc, VDDQ must remain in the load regulation

Vary 12VBAT from 9V to 20V, VDDQ must remain in the line regulation

Remove Jumper of J17, J18 and shorts back on pin2 and pin3 of J17, J18 to disable VDDQ controller.
Decrease LOAD to OA and disconnect the LOAD from terminal J19

Disconnect V3 from J20.

N =

© N g~ w

6.1.4 VCCIO

Connect the LOAD to VCCIO terminal J15 and V3 at J16. Ensure correct polarity.

Push S1 to “ON” position to enable the VCCIO controller. VCCIO EN and PGOOD LED will light up.
Measure V3: VCCIO at J16 and Al: 12Vin input current

Vary VDDQ LOAD from 0Adc to 10Adc, VCCIO must remain in the load regulation

Vary 12VBAT from 9V to 20V, VCCIO must remain in the line regulation

Push S1 to “OFF” position to disable VCCIO controller.

Decrease LOAD to OA and disconnect the LOAD from terminal J15

Disconnect V3 from J16.

© N O A ®WDPR

6.2 Equipment Shutdown
1. Shut down Load
2. Shut down 12VBAT and 5Vin
3. Shut down oscilloscope
4. Shut down host computer
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7 Performance Data and Typical Characteristic Curves

Figure 7 through Figure 91 present typical performance curves for TPS59650EVM-753. Jumpers set to

default locations, see section 6 of this user’s guide.

7.1 CPU 3-Phase Operation
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Figure 7. CPU3 Efficiency
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Figure 8. CPU3 Load regulation
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Figure 10. CPU3 Enable Turn off
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Figure 15. CPU3 Output Load Insertion with OSR/USR
middle level

Figure 16. CPU3 Output Load Release with OSR/USR
middle level
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Figure 17. CPU3 Bode Plot at 12Vin, 1.05V/60A

Test condition: CPU3 12Vin, 1.05V/60A no airflow
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7.2 CPU 2-Phase Operation

95

90

[+
[3,]

Efficiency - %
=]
o

~
(34}

70

65

0

Figure 18. CPU3 MOSFET
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Figure 20. CPU2 Efficiency
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Figure 19. CPU3 IC
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Figure 21. CPU2 Load regulation
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Figure 22. CPU2 Enable Turn on
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Figure 24. CPU2 Switching Node(Ripple)

INSTRUMENTS
www.ti.com
‘_ L L L L L L B I
i TPS59650EVM Test condition: 12 Vin, 1.05V/40A
‘_ CPU VR_ON Turn off i CPU 2 Phase Operation bl
‘ CH1: CsSwW1
\

{ ; CH3: 1.05V core
.
3+ CH4: _CPG_OOD 3
(eSS
4+f— e
0 N [ il | | |

I 200ps 2500548 4000t
A h3 L 360mY

Chi  200¥ By Ch2  200v By
Chi 10v B Chy &0V B

Figure 23. CPU2 Enable Turn off
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Figure 25. CPU2 Dynamic VID: SetVID-Slow/Slow
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Figure 26. CPU2 Dynamic VID:SetVID-Fast/Fast Figure 27. CPU2 Dynamic VID:SetVID-Decay/Fast
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Figure 28. CPU2 Output Load Insertion with OSR/USR Figure 29. CPU2 Output Load Release with OSR/USR

middle level middle level
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Figure 30. CPU2 Bode Plot at 12Vin, 1.05V/55A

LFh 111pn

Test condition: CPU2 12Vin, 1.05V/55A no airflow

87.1°C

Figure 31. CPU2 MOSFET Figure 32. CPU2 IC
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7.3 CPU1-Phase Operation
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Figure 33. CPU1 Efficiency
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Figure 35. CPU1 Enable Turn on
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Figure 34. CPU1 Load regulation
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Figure 36. CPU1 Enable Turn off
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Figure 37. CPU1
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Figure 39. CPU1 Dynamic VID:SetVID-Slow/Slow
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Figure 38. CPUL Switching node and Ripple
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Figure 40. CPU1 Dynamic VID:SetVID-Fast/Fast
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Figure 41. CPU1 Dynamic VID:SetVID-Decay/Fast Figure 42. CPU1 Output Load Insertion with OSR/USR
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Figure 43. CPU1 Output Load Release with OSR/USR middle level
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Figure 44. CPU1 Bode Plot at 12Vin, 1.05V/33A
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Figure 45. CPU1 MOSFET Figure 46. CPU1 IC
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7.4 GPU 2 Phase Operation
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Figure 47. GPU2 Efficiency Figure 48. GPU2 Load regulation
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Figure 49. GPU2 Enable Turn on Figure 50. GPU2 Enable Turn off
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Figure 51. GPU2 Switching Node and Ripple
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Figure 53. GPU2 Dynamic VID:SetVID-Fast/Fast
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Figure 52. GPU2 Dynamic VID:SetVID-Slow/Slow
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Figure 54. GPU2 Dynamic VID:SetVID-Decay/Fast
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Figure 55. GPU2 Output Load Insertion with OSR/USR Figure 56. GPU2 Output Load Release with OSR/USR
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Figure 57. GPU2 Bode Plot at 12Vin, 1.23V/50A

Test condition: GPU2 12Vin, 1.23V/50A no airflow
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Figure 58. GPU2 MOSFET Figure 59. GPU2 IC

7.5 GPU 1 Phase Operation
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Figure 60. GPUL1 Efficiency Figure 61. GPU1 Load regulation
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Figure 63. GPU1 Enable Turn off
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Figure 65. GPU1 Switching Node and Ripple
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Figure 66. GPU1 Dynamic VID:SetVID-Slow/Slow Figure 67. GPU1 Dynamic VID:SetVID-Fast/Fast
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Figure 68. GPU1 Dynamic VID:SetVID-Decay/Fast Figure 69. GPU1 Output Load Insertion with OSR/USR
OFF
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- TPS59650EVM Test condition: 12 Vin, 1.23V/0A-18A -
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Figure 70. GPU1 Output Load Release with OSR/USR OFF
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Figure 71. GPU1 Bode Plot at 12Vin, 1.23V/33A

Test condition: GPU1 12Vin, 1.23V/33A no airflow
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7.6

89.4°C

Figure 72. GPU1 MOSFET Figure 73. GPU1 IC
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Figure 74. 1.05V Efficiency

Figure 75. 1.05V Load regulation
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Figure 76. 1.05V Enable Turn on
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Figure 78. 1.05V Switching Node
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Figure 77. 1.05V Enable Turn off
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Figure 79. 1.05V Ripple
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r TPS59650EVM Test condition: 12 Vin, 1.05VCCIO/0A-10A - TPS59650EVM Test condition: 12 Vin, 1.05VCCIO/0A-10A -
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Figure 80. 1.05V Transient DCM TO CCM Figure 81. 1.05V Transient CCM to DCM
Test condition: 12Vin, 1.05V/10A no airflow
Figure 82. TPS51219 Thermal
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Figure 83. 1.2V Efficiency Figure 84. 1.2V Load regulation
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Figure 85. 1.2V Enable Turn on Figure 86. 1.2V Enable Turn off
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Figure 87. 1.2V Switching Node
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Figure 89. 1.2V Transient DCM TO CCM
Test condition: 12Vin, 1.2V/7.5A no airflow
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Figure 88. 1.2V Ripple
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Figure 90. 1.2V Transient CCM to DCM
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Figure 91. TPS51916 Thermal
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8 EVM Assembly Drawings and PCB Layout

The following figures (Figure 92 through Figure 101) show the design of the TPS59650EVM-753 printed
circuit board. The EVM has been designed using 8 Layers circuit board with 10z copper on outside layers.
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Figure 92. TPS59650EVM-753 Top Layer Assembly Drawing (Top view)
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Figure 93. TPS59650EVM-753 Bottom Assembly Drawing (Bottom view)
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Figure 95. TPS59650EVM-753 Bottom Copper
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Figure 97. TPS59650EVM-753 Internal Layer 3
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Figure 99. TPS59650EVM-753 Internal Layer 5
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Figure 101. TPS59650EVM-753 Internal Layer 7
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9

Bill of Materials

The EVM major components list according to the schematic shown in the following pages.

Table 13. EVM Major Components List

QTY

REF DES

Description

MFR

Part Number

11

C1, C12, C31, C69, C74,
C124, C159, C121, C130,
C184, C204

Capacitor, Ceramic, 1nF, 50V, X7R, 10%, 0603

STD

STD

C104, C108, C112, C115,
C118

Capacitor, Ceramic, 33nF, 25V, X7R, 10%, 0603

STD

STD

29

C128, C164, C198, C199,
C201, C127, C172, C188,
C192, C203, C207, C190,
C209, C210, C216, C217,
C218, C219, C220, C221,
C222, C223, C224, C225,
C226, C227, C228, C229,
C230

Capacitor, Ceramic, 0.1uF, 25V, X7R, 10%, 0603

STD

STD

C129, C133, C168

Capacitor, Polymer, 330uF, 2V, 6mohm, 20%, 7343

Sanyo

2TPF330M6

C13, C26

Capacitor, Ceramic, 100pF, 50V, COG, 10%, 0603

STD

STD

C131, C239, C246

Capacitor, Ceramic, 10nF, 50V, X7R, 10%, 0603

STD

STD

C15, C16, C19, C20, C76,
C77

Capacitor, Polymer, 470uF, 2V, 4mohm, 20%, D2T

Sanyo

2TPLF470M4E

C166

Capacitor, Ceramic, 2.2uF, 6.3V, X5R, 10%, 0805

STD

STD

C17

Capacitor, Ceramic, 0.33uF, 6.3V, X7R, 10%, 0603

STD

STD

Ci71

Capacitor, Ceramic, 0.22uF, 50V, X7R, 10%, 0603

STD

STD

15

C18, C23, C33, C75, C80,
C196, C202, C208, C195,
C200, C242, C250, C22,
C233, C234

Capacitor, Ceramic, 1uF, 25V, X7R, 10%, 0603

STD

STD

C193, C36, C79, C82, C7,
C135, C170

Capacitor, Ceramic, 2.2uF, 6.3V, X5R, 10%, 0603

STD

STD

C194, C197, C215

Capacitor, Ceramic, 0.01uF, 50V, X7R, 10%, 0603

STD

STD

28

C2, C3, C4, C5, C8, C9, C10,
C11, C27, C28, C29, C30,
C65, C66, C67, C68, C70,
C71, C72, C73, C122, C123,
C125, C126, C160, C161,
C162, C163

Capacitor, Ceramic, 10uF, 25V, X7R, 20%, 1206

STD

STD

C205, C206

Capacitor, Ceramic, 10pF, 50V, C0G, 10%, 0603

STD

STD

C213, C214

Capacitor, Ceramic, 22pF, 50V, C0G, 10%, 0603

STD

STD

C240, C248

Capacitor, Ceramic, 0.22uF, 25V, X7R, 10%, 0402

STD

STD

C241, C249

Capacitor, Ceramic, 220pF, 25V, X7R, 10%, 0402

STD

STD

C243, C251

Capacitor, Ceramic, 680pF, 25V, X7R, 10%, 0402

STD

STD

C244, C252

Capacitor, Ceramic, 100pF, 25V, C0G, 10%, 0402

STD

STD

C245, C253

Capacitor, Ceramic, 1.8nF, 25V, X7R, 10%, 0402

STD

STD

NIN|ININININ|IN|DN

C247, C254

Capacitor, Ceramic, 2200pF, 25V, X7R, 10%, 0402

STD

STD

I
i

C37, C38, C39, C40, C41,
C42, C43, C45, C49, C50,
C51, C52, C53, C54, C55,
C56, C87, C88, C89, C90,
C91, C92, C93, C94, C95,
C100, C101, C102, C136,
C140, C141, C143, C145,
C146, C147, C148, C150,
C151, C152, C154, C235,
C236, C237, C238

Capacitor, Ceramic, 22uF, 6.3V, X5R, 10%, 0805

STD

STD

20

C44, C46, C57, C58, C59,
C60, C61, C62, C63, C64,
C173, C174, C175, C176,
C180, C182, C165, C185,
C189, C191

Capacitor, Ceramic, 10uF, 6.3V, X5R, 10%, 0805

STD

STD

C6

Capacitor, Ceramic, 4.7uF, 6.3V, X5R, 10%, 0805

STD

STD

D1, D2, D3, D9, D10, D12,
D13, D14

Diode, LED, Green Clear, 20mcd, 0.079x0.049

Lite On

LTST-C170GKT
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Table 13. EVM Major Components List (continued)
QTY | REF DES Description MFR Part Number
5 D4, D5, D7, D8, D11 Diode, LED, Red Clear, 20mcd, 0.079x0.049 Lite On LTST-C170CKT
1 D6 Diode, Schottky, 200mA, 30V, SOT-23, Vishay-Liteon BAT54-V-GS08
1 FB1 Bead, SMD,Ferrite, 100MHz Max, 200mA, +/-25%, 0603 WE 74279266A
5 L1, L2, L3, L4, L5 Inductor, SMT, 0.36uH, 35A , 0.82mohm, 10x11.5mm Toko FCUL1040-H-R36M
1 L6 Inductor, SMT, 0.42uH, 17A , 1.5mohm, 8.7x7.0mm Panasonic ETQP4LR42AFM
1 L7 Inductor, SMT, 1.0uH, 8.1A , 6.9mohm, 7.3x6.6mm Panasonic ETQP3W1ROWFN
7 Q1, Q2, Q3, Q4, Q5, Q8, Q10 | MOSFET, Synchronous Buck NexFET Power Block SON 5X6mm TI CSD87350Q5D
4 Q11, Q12, Q13, Q14 MOSFET, Nchan, 25V, 31A, 2.5mohm, QFN5X6mm TI CSD16407Q5
1 Q15 MOSFET, Pchan, -60V, -0.33A, 20hm, SOT23 Infineon BSS83P
6 |0Q6,Q7, Q9 Q16, Q17,Q18 | MOSFET, Nchan, 100V, 0.17A, 6ohm, SOT23 Fairchild BSS123
1 R1 Resistor, Chip, 42.2k, 1/10W, 1%, 0603 STD STD
4 R101, R102, R118, R119 Resistor, Chip, 56.2k, 1/10W, 1%, 0603 STD STD
1 R104 Resistor, Chip, 2.43k, 1/10W, 1%, 0603 STD STD
7 | R106,R107,R122, R123, | peistor, Chip, 30.1k, 1/10W, 1%, 0603 STD STD

R141, R165, R166
4 R108, R109, R124, R125 Resistor, Chip, 24.3k, 1/10W, 1%, 0603 STD STD

R12, R15, R24, R31, R36,
R41, R54, R58, R73, R76,
22 | R140, R142, R144, R145, Resistor, Chip, 0, 1/10W, 1%, 0603 STD STD
R156, R157, R159, R161,
R232, R233, R250, R268

R130, R131, R147, R215,

7 R216. R217. R222 Resistor, Chip, 180, 1/10W, 1%, 0603 STD STD
R132, R148, R149, R150,
R158, R183, R185, R205, . .

14 R214 R219, R220. R221. Resistor, Chip, 10.0k, 1/10W, 1%, 0603 STD STD
R230, R231

5 E;ig R134, R151, R213, Resistor, Chip, 1.00k, 1/10W, 1%, 0603 STD STD

1 R139 Resistor, Chip, 10.5k, 1/10W, 1%, 0603 STD STD

1 R152 Resistor, Chip, 22.1k, 1/10W, 1%, 0603 STD STD
R16, R110, R111, R126, . .

6 R127, R160 Resistor, Chip, 20.0k, 1/10W, 1%, 0603 STD STD

1 R163 Resistor, Chip, 15.0k, 1/10W, 1%, 0603 STD STD

4 R164, R237, R238, R239 Resistor, Chip, 2.00k, 1/10W, 1%, 0603 STD STD

1 R167 Resistor, Chip, 51.1k, 1/10W, 1%, 0603 STD STD

1 R168 Resistor, Chip, 1, 1/10W, 1%, 0603 STD STD

1 R176 Resistor, Chip Array, 10.0k, 62.5mW, 5%, 1206 Yageo TC164-JR-0710KL

3 R169, R170, R171 Resistor, Chip, 1, 1/8W, 1%, 0805 STD STD

3 R172, R173, R178 Resistor, Chip, 0.01, 1W, 1%, 2512 STD STD

5 Eigg' R175, R177,R179, | pasistor, Chip, 0.05, 1W, 1%, 2512 STD STD

5 Ei;g R177, R178, R179, Resistor, Chip, 330, 1/10W, 1%, 0603 STD STD
R18, R194, R202, R246, ) .

7 R248, R260, R262 Resistor, Chip, 10.0k, 1/16W, 1%, 0402 STD STD

2 R181, R189 Resistor, Chip, 0.005, 1W, 1%, 2512 STD STD

1 R182 Resistor, Chip, 8.06k, 1/10W, 1%, 0603 STD STD

5 E;?g R187, R188, R190, Resistor, Chip, 330, 1/10W, 1%, 0603 STD STD

1 R192 Resistor, Chip, 100, 1/10W, 1%, 0603 STD STD
R193, R195, R196, R197,

10 R198, R199, R203, R204, Resistor, Chip, 1M, 1/16W, 1%, 0402 STD STD
R206, R207

1 R2 Resistor, Chip, 130, 1/16W, 1%, 0402 STD STD
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Table 13. EVM Major Components List (continued)

QTY | REF DES Description MFR Part Number
R43, R49, R51, R60, R65,
R71, R75, R85, R87, R93,
20 R200, R201, R208, R209, Resistor, Chip, 0, 1/16W, 1%, 0402 STD STD
R243, R249, R253, R254,
R263, R265
1 R21 Resistor, Chip, 200k, 1/10W, 1%, 0603 STD STD
2 R210, R211 Resistor, Chip, 3.01k, 1/10W, 1%, 0603 STD STD
1 R224 Resistor, Chip, 75, 1/10W, 1%, 0603 STD STD
1 R225 Resistor, Chip, 130, 1/10W, 1%, 0603 STD STD
1 R226 Resistor, Chip, 43.2, 1/10W, 1%, 0603 STD STD
1 R227 Resistor, Chip, 1.50k, 1/10W, 1%, 0603 STD STD
2 R228, R229 Resistor, Chip, 33.2, 1/10W, 1%, 0603 STD STD
1 R23 Resistor, Chip, 4.02k, 1/10W, 1%, 0603 STD STD
2 R234, R236 Resistor, Chip, 470, 1/10W, 1%, 0603 STD STD
1 R235 Resistor, Chip, 2.21k, 1/10W, 1%, 0603 STD STD
2 R240, R241 Resistor, Chip, 2.74k, 1/10W, 1%, 0603 STD STD
2 R242, R251 Resistor, Chip, 2.21, 1/16W, 1%, 0402 STD STD
2 R244, R255 Resistor, Chip, 475k, 1/16W, 1%, 0402 STD STD
2 R245, R257 Resistor, Chip, 5.62k, 1/16W, 1%, 0402 STD STD
2 R252, R264 Resistor, Chip, 2.00k, 1/16W, 1%, 0402 STD STD
1 R258 Resistor, Chip, 3.09k, 1/16W, 1%, 0402 STD STD
1 R259 Resistor, Chip, 20.0k, 1/16W, 1%, 0402 STD STD
7 Efg’;gzéﬁ%' R114, R115, | pesistor, Chip, 100k, 1/10W, 1%, 0603 STD STD
1 R267 Resistor, Chip, 1.37k, 1/16W, 1%, 0603 STD STD
1 R4 Resistor, Chip, 54.9, 1/16W, 1%, 0402 STD STD
5 R42, R50, R64, R74, R86 Resistor, Chip, 17.8k, 1/8W, 1%, 0805 STD STD
5 R46, R56, R68, R79, R91 Resistor, Chip, 162k, 1/10W, 1%, 0603 STD STD
5 R48, R59, R70, R84, R92 Resistor, Chip, 28.7k, 1/10W, 1%, 0603 STD STD
7 Sfﬁ%iﬁgl' R72, R8O, Resistor, Chip, 10, 1/10W, 1%, 0603 STD STD
1 R6 Resistor, Chip, 8.25k, 1/10W, 1%, 0603 STD STD
2 R7, R22 Resistor, Chip, 15.4k, 1/10W, 1%, 0603 STD STD
R8, R11, R14, R20, R28,
14 R29, R32, R34, R37, R39, Resistor, Chip, 2.21, 1/10W, 1%, 0603 STD STD
R135, R136, R153, R154
5 Sig'lRlos’ R105, R120, Resistor, Chip, 39.2k, 1/10W, 1%, 0603 STD STD
R95, R96, R112, R113 Resistor, Chip, 150k, 1/10W, 1%, 0603 STD STD
R99, R100, R116, R117 Resistor, Chip, 75.0k, 1/10W, 1%, 0603 STD STD
7 FR‘% R1o RT3, RT4.RTS, | NTC Thermistor, 100k, 0603, 5% Murata NCP18WF104J03RB
1 Ul IC, 3+2 phase, IMVP-7 VCORE CPU and GPU Controller, QFN-48 TI TPS59650RSL
1 u12 IC, Timer, Low-Power CMOS, SO-8 TI TLC555CDR
1 uU13 IC, Dual 10 ohm SPDT Analogy Switch, DGS_10P TI TS5A23157DGS
1 ui4 IC, Nano Power, Open output comparators, PW14 Tl TLV3404I1PW
1 u15 IC, USB to series port controller, QFN-32 Tl TUSB3410RHB
1 u16 IC, CMOS programmable controller, QFP-100 Tl TMS320F2808PZS
3 U17, U19, U20 IC, Dual Schmitt-trigger inverter, DCK-6 TI SN74LVC2G07DCK
1 u18 IC, Dual-bit dual-supply bus transceiver, RSW-10 TI SN74AVC2T245RSW
3 U2, U3, u4 IC, Dual high voltage, efficient synchronous MOSFET buck driver, QFN-8 | Tl TPS51601ADRB
1 us IC, High performance, single synchronous step down controller, QFN-16 TI TPS51219RTE
1 U6 IC, Complete DDR2, DDR3 and DDR3L memory power solution, QFN-20 | Tl TPS51916RUK
1 u7 IC, Dual low dropout regulator, 500mA and 250mA outputs, PWP20 Tl TPS70102PWP
1 us IC, 150mA, low Ig, wide bandwidth, LDO, SC70 TI TPS71712DCK
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Table 13. EVM Major Components List (continued)
QTY | REF DES Description MFR Part Number
1 U9 IC, Quadruple 2-input positive —~AND gates, SO-14 Tl SN74HCO08D
2 u10, Ul1 IC, Dual 4A High speed low side power MOSFET drivers, SO-8 Tl UCC27324D
1 X1 Crystal, controlled oscillators, 0.150"x0.528" ABRACON ABLS-20.000MHZ-B2-T
1 Y1 Crystal, controlled oscillators, 0.150"x0.528" ABRACON ABLS-12.000MHZ-B2-T
1 XUl Socket, CPU Molex rPGA989
10 Schematics
50 Using the TPS59650EVM-753 Intel™ IMVP-7 3-Phase CPU/2-Phase GPU SLUU896—March 2012

SVID Power System

Copyright © 2012, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU896

3 a ol q v
l
¢ 198ys 993 :aseyd NdO 4
2100us eag reseud pUA 1D 7 %@_ A
L
S §1994s 895 :UOOAIS YSNISO NdD \g/ oo 4 _ G
0
§ 18aUs 095 :U003(ES 4DO NdD  \§/ BI0OANdD 10) \/ %004 Y
1y
§109Us 805 :U0RBIES OO N0 \Y/ €1994S 895 sed w / v/
T lrESmu pr— F
_‘_w>>on_ NdO 8Seyd pug pue}s| 'jojuod Ndo pue NdO _ G 199Ys 93 :U0joajes Aouanbal) BUIYIIMS NdD @ 4 ) F[4Y $V
[0y ———— 4dool
|| 11920 uonoses pIy4d o]
G }93ys 9ag :uopjoaes Aousnbayy Buiyoums Ndo @ ol ] G 108Ug 00
e el
4y LN \ [ o i
I aS0Se/8ASI 02dL S
aseyd pig 1oy 22
v G2 _ 2Hoo Z198yg 993 m m m m 3 (8 v
¢adL SN o @) dNooo
” 12z [ernao) bedL
v ! sluslelu I8Ny 8N
. Y
&= i . A s B 988038283828 oor
—_ HNYE'0 SO 7 S '
(asy 71 AR i, mmmmwmmmmmam oLy
— W IldL yis A A < -0 —
Y o — 5] ¢HaO XVAI-49 e
f
4 ks WS aolelseo 100949 \V4
=120 0 av| TMSO Ma1s el
i E E H Q SlY 20 A‘@ aN9d 010A c
wo| o =1 0 Srdl <5{MdasA IRELY AN
anozf+ Yoo A {1100 \n A N
i 020 6 [4%S] H - - o5l NSO a009d2 L M_Nm_w
o AN0Ly 01 Hdo [ - 11580 154059655dL NO A
m:on_u |_n 6o €ldl 810 Wy % o cuen
— o . Iy
— F 1 1 a|Sh FEV) —
ow 300 SO . 11580 A B e tpdid o ¥-dO09 [0 4
2hdlL bidl _.__+ lee 0ldL 0890000000 6dL
= TOLdao0009a0 0 =
S 8y Mov mPELL2v22L 9
(asy] _ 8dl ZaX="="NNOWUTO®
z N aS00GEL8AS) Wido - =N Ul 0o N|o| o g I § jv .
an 10 1dlL ) ) @
! Iy
V"Dl | grreaa | &R bumes ¥SO pue
o al ol |o] |a] |a] |9 ||
fved woT ; m - m _ m m 3|8 co_HoM,_wM %_;wom MM
%00}
% ﬁv [Ny
o) XYNI=-40
B ) _ % "6dL L
4n0} anNo S
v | oLty R eL
" anop | OO oL | 89 oL s 19 Cail
S 0= = €0 = =2 T i |_w Bumes ¥SO puel[uonoses HIH4 1o]
A —s uopos|8s 400 G 199y 99g|
. 5o NdO G 198yS 885 L
:H@ (v [n07¢] A =
zdL e
3 a ol a v




1aMod aseyd pig NdO |

973N =2
2¢dL

pasn JoN Q

1Z910N

I

V¥6-V0/AS0" |
*3400A NdD

dnee

omon_w

%m«w 4nez

4nol

«“__4

|
goes

DO%
v@m«wu_:

=l |
:

omm«w 4nze %on«w%

DLr %Lr

4nee

IERERERERENE
clcaEacaE ik,

%Lr anez

A |4
=

j£59]

s

{ SAMdO

Nd90 _Ag]

H A
gzl
90 6
4 Pdid
Nd93 " AS & n_\M_N\_/n_ -_M__MM 4
\% 9 3
L 0 A 7 st
_H_ Vi €0 Led e AU
~ £IANAD 83av1I0916Sdl NMdO
+ z€0 [+ Q 8zdl n 6zdl
€1 oey e s\éﬁw
HnoEo _.__+ Yy . Teeo 62y
vV 1 =
Led asbese/8dsO ¢1s80
¢o 9zdl
(esy} onso SHAYOD
= lzdl zdl
= e
de
X
aN9
Law gl oaor . aor L ang | Pedd
€0 0€0 620 820 120
N
1vBA

€edl




131\02047
973H00N [ \7!
w*on“_u._. S n_smw»r u_smLV :NLV \»r \»V \»r u_zwLV “_:NLV \»M:NN
2010 10O 0010 €60
4nee 4nze 4nze 4nee 4nze Q
1oMo
e SRcEcacicacat At ot ot
pasnioN 7 , [ , .
:0010N 5
A
A
anzz
780=
VOY—Y0/AST'L vl 5
: 0 Pdid
JH0OA Nd9 180 :&s% e L =
Nd2dAS 9 dAA  WMd < [
w Q Nm.“wm__.o 7 11 % z Nnd9d As]
ar ¢ ow _ gliA¥a_isay
HN9E'0 7z 84aV109 15SdL
\V4 _._x VWS 7N
Yo _|_\_ 6e ELI [X44
_ 080" ok
Qmosmnm%wn_mo ZHAJEO 71589 CTNMdO
[ven evdl cvdLl prdl
EE IMSO
= brdl
(a7l A
— A
dnzzL
H Qlﬁ 610 6
0 M
dnd VWA PdMd
ObdlL 8.3 98y H L0 ONof5
AN0L¥ [y s NG g0 WMdf= (]
Z J7ks) ] A\ 6dL ya LU e (s
I L dnor b GeY _ giHn¥a_isaly
P + 90 Hn9E0 _._ 77 83av10915SdL
* W n
t\_ red any 122
Il
_ ) Wiy
omumzoo\, QasbesEL8dSO LHANGD 1189 INMdD  dIMSO
edl 0 [iven] 9edL edLl 1€dLl 8edLl
LMSO
eedl
N1 » F
Ld1 aNo
qupL anor L anop L anob L anor L dup L anop L ano L ang L Aoy | cedl
10 €10 20 120 0.0 690 890 190 990 90
fiven] ._.«.Fm>
redl




a o | 8 v
rAW 2SUSS J0)SISaY 10} 0 = 06Y ‘88Y
asues ¥O(Q 40} 0 = €6 ‘28
o N9
V]| V 0 eeu
ONPOHH m_\_‘OHH 8L
AMV 06 = Juee cey
ans o WW\V— B oo 4t}
N’WS Q a8y 164
UONEUIWLIS) PUE YOBqpaa] obe)jo/\ [enuaialiq \4 96dL v =) V_wwm oLl
Buliay|l4 pue uoloa|aS oegpPas Juslind 634 Zas _ANA— ! )
= : 1 0 184 Y
wyoQ pasn 68y :uonetado aseud L NdD 2 2ds09 ZEE) 3 n_ o
uado 8y ‘€8 :uonetado aseyd z NdO | SGdl _‘AW asUBS J0JSISOY 10} 0 = 8/ ‘LY
. NdO osUBs YO 10} 0 = 584 ‘G/Y
WyoQ Pasn GGy /Y uopesado aseyd | NdD '€ . [s)
wyoQ pasn Yy :uohesado aseyd z NdD ‘2 Q Q 0 58y
uado 69 ‘SSY ‘LY :uoesado aseyd € NdO "L — == NL'8Z
‘L UBY} ‘g UsY} ‘g SBYd IapIo 9SIaAaI Ul SUOP g UBD d|qesip aseud yARRe] 9110 Q 84
:Ndd Q (u \)\/\(\wNm INSY© Juee A2l
uonelsado aseyd g :ndo 1oy Bumas jnejeq H ’ SLLOT
uonelado sseyd ¢ :ndD Joj Bumes ynejeq £8Y Q Y 6.4
‘Ag’€ 0} uld X4SDx Bulpuodsanios ayy buljind Aq pajqesip aq ues aseyd v @ v,m.ww.w %E %00l
"L
pasn JoN Q 559 _. —A— oL L LV_/W/?F\ 141 9)
1y8)0 ) 0 i w2
710N 1dS09 1451 9)
egdl LA 9suag J0)sIsay 10} 0 = L9¥ ‘99
9sU8s YOO 104 0 = LLY ‘GO
SN3S —19SSA 0 L/d , ey
s [iossednidol] 7 vO | ewo | Y e
== o) Juee
SN3S 19007 69y oo H ) — W = [44%e)
£so0 gl AV
25dl - )
_. LLLO
£dSX . 1
( H oL<<(\mwm fecT)
£4S00 (VAN
1SdL asUag 10}sIsay 10} 0 = /GY ‘€6Y
9suas Yoa 4o} 0 = 09y ‘1SYH
VL VL1 oW oos =
0L 6010
Q 184 4Juge
M 5 v Ndo
T €6y
1010 dzsy
2dS! h 421
H oLS\jmm [¢21)
2ds90 95UDG 10}SISaY 10} 0 = GhY ‘biY
6rdL I 9sues YOQ 10} 0 = 6Y ‘€Y
|3
\V4 \4 0 Vebd e
910 | o0 |
Q (59 H , Q LI auee |
010
Lvd mﬂwo._u.u L Q v
€010 =
138 —A\W— 1)

+dSOD
LvdLl




0%91GSd1 Buisn Jo sped jeuondo

4O uonoNpaY YSN/ASO Bumes Jnejed ¥SN/HSO NdD 2
[9A8] B|pPIW UORONPaY YSN/ASO Bumes Inejed ¥SN/AUSO NdO 'L
1UOIJ0[8S UOONPaY JO0YS-18pUn/ J00US-IOAQ

(V0¥ 108) G [on8] 0} g uid pue 2 uid uo spoys Jadwnp :Buies Jneyeq aseyd Jad Uoioajoid JusLing J8A0 NdO ‘2
(V0¥ 108) G [on8] 0} g uid pue 2 uid uo spoys sedwinf :Bunies Jnejeq aseyd Jad Uoijoejold JuaLing JaA0 NdD *|
:UON08I8S UON0B}0Id JUBLNY JBAQ

[ nd9 pue NdD 10} SNOILOFTIS OO pue Aousnbai4 |

ZHYG8E 19s 0} zLuid pue | uid uo spoys Jadwnp :Bupes jnejeg Aousnbai4 Bulyoums Ndo 'z
ZHN00€ 19s 0} Luid pue ¢ uid uo spoys Jadwnp :Bumeg Jnejeq Aousnbaig Buiyoms Ndo °1L
:uolos|eg Aouanbai4 Buiyoymg

4 4d 4 494 4

pesn JoN
‘G9ION
(VAN (VAN

(NIW) 1 19707 T Wae o0 (NIW) ZH¥S L2 +—zrg W55z oro

[ vera Waere oro ZHA0EE t—ezr Whsgpz oro

€ [9Aa7 AN AL TR OO0 ZHAS8E ¢+ Wi oro

¥ [9Ae7] A~ 00 ZHAOYY M5 O[0

AR IAAETAS rzra iz ee )

§ [9reT] g WVages oro ZHIS6Y +—o7 g Wiszgg oro sl O

9 |one AN~ [0 ZH)0SS AN )

oy YWosz PIINMCTETS

L1onen vira VVsioor oo ( ) va_moo R NANETI oro

(XVIN) 8 19na7 e Wsa 5[0 XVIN) ZHX099 e Waiser )

zir cLp

(VAN (VAN

(NIN) 1 19787 $— M7 0o (NI) ZHM0SZ +—77g " Wisigg oro

were 2 [Aihd gora "Eve oro ZH00€ g5 Wiz Oro

ok € 19N +—5r Whse oro ZHA0SE 7575 Wisrge o0

¥ |one] s Wsee oo ZHM00Y T RAASTAS 00
sl ST too|  ems[NdO| 20t Srwargi—fo| s NdD|

9 [9A97] AN 0 H Mg 00

e | L b S

A z A
Ocw) g lone L2581 20" oo | 2saL (XVIN) ZH1009 Loy oo
oLr e
ONILLIS ¥SN / YSO @ NOILO3T3S NOILOILOHd INFHIND-JYINO Q NOILD3T3S AODNINOIHH ONIHOLIMS @




] a ) 8 [ v
A
ud a1geu3 0100A s G/
AQO'L ‘OI0DA 39S 0} L1 o guid pue zuid uo soys sedwinp 'z
(INejea)ASQ’L :01DA 39S 0} pL1 Jo zuid pue juid uo spoys Jadwinr °|
\ \Y Y% \% 1u0O3JeS INAINO OIOOA
= = = == pasn JoN
8510 | 2610 | 9510 | 6510 . v
:9910N
19M0d OIDOA |
oL
[oooA fei4s]
5 0
Md ano (SNs9 01N —ANN— {3SN35dssh)
GrLY
\V4 [#31103u00 of] o)r z 105$9001d O] |
T 0
4nze L u:._NMH n_JNMH u_:NMH anze| QII dnez| dnzg _|dnee SEoo —AM— mas—aon)
v510| N/ | €549 angg| 2640| /| 1619| anzg| 0510 22| gyio] 7| 670 V| eno[ V| 519] jnzd 9710 oY o
¥p10 £VLO [24%) 1910 0710 eeiol . leeal |zeal leeial evly
z
) 0
Sip [oon
Vo L-Va/ASe' L e 1108
:0100A 4+ e
4 anzz |
H ’ seloT
u_:ommV“ QVK aN9 Ql_l 0 dwadhl.won H U0} @
€ELO [+ ze10 |* 69dL  pg10 ANW— @z 29 [X1%e)
ovLy 1 28582 .
dnoee Q 6ol o o AS04
~ Nic A
6210 |* _.__+ _ Sodl &5 NISAS 146 L 71 g5ty SN+ — oo 6ELY
gery rd e SNSOL— e ao)
—ara “ v._|__ o s N >
4
H HNZy'0 5 122 ZL MS s W W Mduux\, T z ;
00A o aseSE/8as) ol mo o rir
19dL 80 010N Ag] u_:_‘.oHH @z _.ﬂ\._ 83 Lo NM [ree]
8cko CLpLSLoLLL Prd%e)
ms~ol Ha~ol
99d1 v9dLl lee F .
sl 8B 43¥A ol 4
ol | |3 GodL L/
1s870l JCENCEY (Bd oA}
£9d1 H H _
H00°k N3 010N €cissg 940100 £zi5s8
4+ veLY 19d1 L0 codL 90
%v P i
4oL | 4ol | o NEEvyY @ NEENDY v
o SeloTT za 1a
dup_| 4n0k_| 4nol_|
vZLO | €20 zZlo N0°04 3
%00} ZELY 3
Eely 08l 08l
F Ly oeLy
1vaa
65dL _W_
3 a o [ 8 v




3 a o] a v
I1E19P 10} 199Yselep 995 '0AUOD 3G SSIES \TF
pasn JoN Q
Jamod DAAA | :/9}0N
47 (SNs9 oo ———
] %002
810 091y
VL el | L eal VL VL
e8] 7 2810 ing, | 1819 gngy | 0819| 4ngy| 6240| 4nos 8/10
v8—¥0,/00aAZ"L wo]  ewd] |suo  |wnd]  |ewd]
4 0oL
A0 DATA (CENC e L= 4o
[ooa] |_| 2.0
4 0
i 2o a2z
* . i H anzz e N bLD a
0LLO TS 293
4noge ﬁ I_l A Q9 mz3A
<L N9 Q 1070 4 S W S
8910 22dL 6910 8.dL g
\Y wa 7 RN e
~ N
INISA ANILIA L 4noL
1910 [* \4 | zi ¥ ;o0 =
ha : ANY9L61GSdL 9940
sl | [ ] _._ 1ze T §>mz _..__.\>,n|_
——— ! ! _ _|>\<T%E . A an NIOTA T
. S
oo oot anvo | rETiiSeA SNSLIAH
e agbescz8asd 910 =3
00aA ns'o oo wa3S8 % [ooay]
9sdL SldL bG8 Smo &
122 < = === NN
€51y o N |0 j© |® (=
5 E
o e m
YA HO D o 3
15870 _
yldL [CERCITY
€ldL ['¥) ez155a
) 60
3004 A00k oo
0518 S 6v1dZ oo
)
1 NEEY ¢
1 00l 2 €a
dnor _L dnor_ P.Mvn._o._. ﬁ 871 3
€910 2910 5 T
du | 4noL_| anoL_| \V4 > s
6510 9L 09L0 081
T T PA4RS]
1 8ir _W_ L
) o _m|r_
02dL
a B 8 [ v




Il .
5000 H ani es oge < 0€e an 1lzozo aen x_r . x_r x_r x_r
68y | 0020 Y6dl 1819 T 981y “m_wmﬂm oL n_m%w
ose g m@ﬂ?omo
F 381 o )
A [(\B]
a a3d| 8a4” L
o9 Ma oo a | g1 g[iNeD SRy
SAvO1 OINVYNAQ | €6l S %0°0L STUHLES
g8Ly
Cu S00¥91ASD Eu S00¥91ASD S —Lino __.%mmu_m A
L 0
™ 710 [\ €10 2 a3y ¢ 1
| ERY P O0Alg—
ol _ d
va 7 S Q0SGSOTL
3 n
5000 4nL e 3 - 4 zin
181y mm:w_\ 26dL , 7
gl .
H we  Qvgelzoon e
oin
27NAg G0°0 500
L6dLl 081y 614
El S0L0¥91LASO Eu S0L0¥91LASO . ] N._n_H:n_o
O N 11d_Ndd
| Lehd 1d X49
ﬁ 1d OIOOA
J v g s H0°04 AlS
400 0Q1vwosh ) . z : @ 9/l
- O 71—
7 Lo s —E— Jnduj ebeyon
500 “%vw%uu s CETSINIINE o seig A\G
.14 n_zON| s
(e} g1Lno NIf7 )
H MOadzhLL.SdL z
100 Jras 8N
¢lld 68dL ] peoj| olweuAp pleoq uo ajqeu] 4 1
OAlINZ) 0} uo spoys Jadwnp :Bumes ynejeq :gzr . L L NIAG] zer
(yneyeq) peo olweuAq aus s|qesip 0} uolsod 440, 0} YOIMS °Z
peoT olweuAq 8y} a|qeus o} uolisod ,NO, 0} YoIMS | L21d 0.1 691
4not :peoT olweuAQ NdD PUE NdD ‘OIDDA
o PesTION Q Nd93~Ag] AAAS| [0199A7Ag]
OaTAge .
H _ ‘890N 957ns 07N oS
anpo ASE pedimd 88d1 98dL 18d1l
g8dL H1S WPN eNIATGY
0610 191 Z1|¢LNOA NIAF
A NOY 4
1108 o L NO|5 N
m%m 31| G3SNaSA 30NaNDas; oy
¢ ™ ._.|mwmm F1avNIog anoL o £8d1l F
yrog o 91|+ 9°d N =—=6810 =—8810 oy
%002 M,R(m 7 VasNasA 2N, ———{17®9) v8dL z
vold LLNOA 0 I
P o] LLNOA NIAL Ler
4no} NG 6l e NIAG S
810 €91y oz 1N ONf N%D
@ dMdz010/SdL 004 vm_% ) NOZ- \6
. T . n 291y ‘Induj o6.}0A UOISIBAUOD 1YEA
e OaTAg’|L
08dL
3 | a | ) g | v

)




ecissa

MdPOVYEAIL 08 (comoan . [y ©== —( |
oFLN zeed 8LD 710 €z1ssd
910
8 00949 00940
16dL 86d.L
: a
sdn-ind pue poddng | 00k a3y 45 N gm0 2P NEENDIE
612 Lo 20 2 6a
LOH YA ool Qoood woL 0009d 0 NO ¥A
MdveyeATL 122y w 0zz m
30071 avin 08l o8l 08l
812y =k I Lz ozu sz
9 L desssg
4 A0°0L SO
iy
MdvavSAL
v in , , ,
I L \_r%fo %00k %MM_
i b e Ered ajels JAILOV 8up ul st [euBis o1Bo| auj usym NO S! 437
LoHWA 00') = 9LLY ‘PASN 1ON = £} ‘W] Inejeq 7 5,037 shjels pue uoneulwss) [eubig 21607
[ 3UAN0| @@&1_-
_W_ (Ne}2Q)13)103U00 0G9ESSL BIqesi 0} uomsod 440, O YOIMS °Z
19]/011U00 0GIBSSdL BIdeUT 0} uoysod ,NO, O} YOIMS *|
BIqBUT YA L-dAWI S
pasn JoN
Bunse) AT 104 N \V4
SUONDBUU0D MBIAGE| 1B LS ‘b -6910N ﬂ
L L
010 TAETAY 6zr €z~ LTP 9P STP
00
= 4dol 4doL
010 _>:)>>vo~m (ZEE) leuiwsa) OZ|
e = _ ooz B 902 |_|mONU
L
0 ANN— (e
o j0°0L NONN_E Kv z cer
01915 — 4o
01071 | €0z0 : .
& 1—Ne%07s) 3L0e 30
oo s ) A e ey T ey
L XYNI-49 ) 9 CNOD CNI [
Ler [ xvni—39 CON CON
z ¥ 4
g™ ANO [ree] 4ul
AN 35N3S00N) -5 LON LON[= el
0 Wizy - 6 ¥l |_|E
XYN=30) ol LNOD LNI T +_ 1) e o w)
moonmﬂwgﬂ %001 MdvavsAL
0,0 502 avin
010
1S _@_ NO T¥A
o A, o
w._._o ) L g6y DE apon Ol . S6d.L
oo fi— 0L pelY jv WL g6l Jajus oy sadwnp . I
O._O 1 Nd90 AS) oer
oot : we) 4
3

var




{ LOH —¥A
z\koxuom&|_ (o
_inosot N 7y oz
N T LIIVO AN IRERY
HT0SAN-S4Y
Tl . - Ly o
3SN3S_dSSAk5 7 [3sN3sdssh) _
C_m</_ “wv_oow o: _ a CON 3SN3S  dOOA
L7 fEON  3SN3S 19SSA
3ISN3S 1900N
3SN3S_SSA|
pasn 10N Q 3SN3S 00N SOV
S IAJY-LdANAI NN L—686
‘@ 1910N J1nx 0sL = 0L m
szey < veed tocy
LOOOA NO2OA
. V| 1900A NGOOA [£3Y
~-{ 19008 noooA (v
| ssn Ssh SsA SSA v 1590 Do [z oz N9 noon |-
AR ssn [ 898 1 s ssn [023 V| 15091 naoon [ Towr] 129N NOOA ez
e | SSA SSA = 73] S SSA v ] 1900 nagon [N govy | OO N9 [eex
LS8V | Son Son [9zav 3] oon NI 74 ] v X $SCW_{ n90A NOOA
v|Nﬂm< Bk 73 1900A NQJoA 62W {9
bS5V { Ssp SSA 31 ssn SSA v VA $—gewv | 12N NI
coay 8K v E] ] 1290 NI 77 05V | n90n NOOA [
Yoy | SA SSA |1 15 SSA SSA =17 L900A NQ20A 16V N
— SSA ax T3 SSA SSA 75 1vV_] 1900 naoon 8 25w | fooh NN I6zx
p—= SSA SSA 1 575 SSA SSA 515 1990A N3N SCW NN "gzA ¢
SSA 7 SSA SSh 3 SSA SSA 23 ey 1 1500n ! e | MO NOOA
YNV V| 2op 4 £29 | 2op 3 NGOOA [ FEW | noon n2on FEEh
SSA % o] 3 SSA &y 520 33 SSA 23 V] 1900n n0ooA 5 SEW | noon 09ON ["9zh
SSA 5% 3 SSh 8o | SSA 75 v 1900n NG20A 9TV | noon 099N [Geh
SSA 27 SSA SSA 7e5] SSA SSA 53 L1900A dJ0A LTV | noon C
SSA & L SSA oo A SSA 23 ¥ | 1500A Joon EHHY 2820V | noon NIOA o8
SSA T S S SSA ] S SSA 3 v 1 19001 sty e ? 620v | NN g
SSA T v SSA SSA e 2] S SSA =65 YN | 1500n 400N [213% 2050V | hoon NOOA ¢
SSA Ty T | SN SSA i SSA SSA 53 V1 1900 400N o 1S9V | noon NN eA
SSA |7, T SA SSA gom i S SSA 15 LIV 19001 GO0A 750V NIOA 67,
i =7 SSA SSA E v n NOOA NOOA Fg7n—4
SSA [ e SSA 7om & SSA WV | 15001 400N CEOV 8
SSA A" SSA SSA SSA SSA ¥ | 1500A doon |-2ld yeov | AN NI /7
SSA SRy o ssA son (o St 55 son (<8 £CV 1 19901 aoon (2] GV | Moo NI\ g
SSh o 2 S SSA g | SSA ssh (o< VeIV | 1990 d2ON T NN I7ecn
SSh [+ S S SSA T SSA SSh (g LIV 1950A G0N | zzav ] N NI Hen
SSA SV 1 ss SSh i S SSh 128 o 8LV | 1900n G0N 2 $52av | N NN eep
SSA m, v SEIV 1 s6n SSA T SSA SSA Nm. 0LV | 15500 doon ¥ 5zav | oo NOOA ey
SSA (o v s SSA = i SSA SSA (53 LNV | 1950A 400N - $ocav | Moo NI ITen
SSA 55 =T SSA SSA [ T SSA SSA £CNY | 15000 preteyN AL 3 NIOA 5en ¢
SSA g ] SSA i S SSA 725 JENY | 1900A G0N |8 14 oo [sen
SSA 5 SSh 0 SSA 695 1930A 40N 75 ¢ n
3 14
SSA SSA SSA SSA SSA SINV | NIOA o
SSA 1 vov] S SSA ocr] SSA SSA A1W 0Ny %ww» e Mww» m N30A mﬂ
SSA 57 v SSA SSA e S SSA SSA 75 KNV ] 1900A  ©  gon 53 9 NOOA eey ¢
V| Ssh SSA TINV 3 NOOA 54
> SSA gy o SSA g5 o SSA £V 11900 | gaon 7 ey
v SSA ] A SSA (57 ]| S SSA N 1900A = goon g oo [ees
d 3 2
he g SHERas . SR . Sl Fen § B2h L . B
= [ N e i m S R e T B 9] 15008 | aoon 413 L @ NOOA oy
o _ SSA & SV | Ss ©  Ssh g Lol Ss © st V119000 = goon 4 4 © oA 79
o z ® | SSA 154 ] 33 | SSA 5g ciooh 2 goom ¢ L noon g
N o , d q
v z 2 z [ EORE S - oWl 3 [T G 1N 2 oo g
v | SSA el < ssA SSA EEON ’ 8 11500n T goon T I o
BV = S\ 5o | SSA [6e ssA | SSA g ’ OV 119000 g d0n zov | hoon 1 NI g
v B SSA 75 = SSA e _{ SSA = SSA g L28Y 1 19001 s S 1 820V | gre T NONIoog
v I SSAHw S sshreg SSA S Sy L28Y 1 1900 G0N G2 1600V | oon < MM [Zeg
v S SSA g I SSheg SSA I SSA gy 1900A = G0N R YooV  pon O ¥ [Meg
v | SSA gy S SsA e 7o SSA S SSA gy V1 iooon | GOOA SV | noon Y N9 acd
T o SSA et | SSh Sea SSA | SSA o9 V11o00n O gaon COV | 9N ezg ¢
¢ 1| SsA ) X V1V NJJA 2 NIDA —
Ty SSA oty o SSA g o o SSAear 1930A GOOA v 8zd
SSA 9 X IV NJOA NJOA
AT < SSAer T s e T S LI 100N d00N 51 V| ooy 2 [zd
T | SSA 5Ty < SshA gy gon] SSA < sy £V 1900 4008 Y cov S M ezg
SV Ty THX X IR ViAX
[33000 9] 010N 00N 00N




a
b
a
0035 On |
SI8YI0 18%003
[ ansy
S10 QASY
9191 arsy
ONSY 179 L1 gasy
NSY 275 812 | ansy
UASY =79 619 1 arsy
sy |- NSY 1229 229 | arsy
arsy ansy [N UNSY 179 129 | aasy
OLNT| grcy aAsy UWH UASY 515 22| apsy
‘s S 51 29| arsy
e m»mm Hmmn« wH m»mm ey MU m>mm 1 MNM e
— 1 A 3 Y
VEHT ] gacy Sy = Ly ] s orsd 1N oh 51 o3| ¥
SEHY | gasy S ativ o o>mm QASY oy sy (e 259 ] gren
SV 1 aasy QASY Ly T a>mm NS [N ansy (29 €63 grey
o o sy [0 o] o Gl [N, S | 59 qasy
8V | gas: S v m a K UASY 5o 10 gasy
BV | gasy sy 84 ansy QASY Eop H a
V] 9 9] ansy & ASY 20| grsy
L0V 1 ansy ANSY ey % a NS Izen ASH 5o €0 grsy
TV gasy sy Hiy @4 | grsy QASY K d_|
v N - ASY £ 73] grsy
Y] gacy USY i ans: ANSY e nSY S0 gasy
L SIV] gasy sy Hhy i os OASY ey e i m e
UASY I3 4y 2V | gacy - €L 1 gasy aASY gz It QA
1 ansy Y 71y A s e Loy YL gasy arsy [N 0S¥ ey NmH sy
ShdY ] sy QASY | oy v 9 SL] aasy SY =57 aASY ooy 80 ] ansy
9ZdV | i3y sy [y VEMY | sy QASY ey 9L oncas N y 20 AASY 5 60| grsy
L84V gy ansy N zenv | ansy UNSY oy Vi S NS Foun ASY ey 210 gacy
62dV (rcy ansd 5 LIV ansy USY oy 8] 9AY Fen NSY 75 SI0] qrsy
< ansy NS N a a1 an
0£dV| grdy Sy IV 1 ansy aNSY oy 1] are aNSY I ¥ 7y 910 grcy
gedr] g e e o] ey U ol oH oy s Fen ansy (555 810 oy
€4V 1 aasy SY Zqy e QASY 5y AT ansy LS OASY <7 610 | arsy
€4V gasy ey o o e WSy oy o] hSd [ WS¥ 7y 120 ey
A TS UASY ey wx<| a>mm UASY 53y AT gny o>mm LZn UASY 57 220 | grcy
S | gasy aAS¥ Heny mx<| D>mm QASY 53y A gn a>mm [EN aASY 73 €207 gasy
9V | grcy UASY [eny mx<| a>mm USY 3y A ghy o>mm e UASY 157y v20 | gacy
84| gasy aAsY Heny :x<| D>mm QASY g3y 9] grcel a o Iﬁ aASY g5 520 gasy ©
mm«I aAsY UASY [ony wuﬂ m»w Qmm [gav L] gre m»mm Imn aAsY 15 220 ] gpsy %
VLAY | gacy \S¥ 87Ny o QA yav A Y QASY 53 820 | gasy
zLav ] gy e R SIIv] s NSy [y s ey sy et s 213 050 poy |
YLV gagy UASY 21Ny o e FAIREY 01A] ghy s Ha & o 13 1£07] grcy z
SLaY | gasy A 5Ny o QASY {3y ] |- QASY 5/ €20 | gasy
9TV gy e i tien P e [oLav o] e s 241 =1 4 $How 2
L28Y  gasy QASY | \y ,.nx<l a>mm SY oy SN grsy [e] o»mm 1 = 0S¥y 9L | aasy |
82UV | rqy UASY Ny Nnx<| D>mm UASY [pay ] gAy ® a o IZx < o g L1T] gasy z
mHoS o Ak B AL : aHis E
0L | gasy aASY Ny 1 AASY M| gasy 8 AASY 5 023 | arsy T
12 V1 gasy © =] 1 OA = SN [y | 4 R
199V | gacy UASY ey sl 00 OASY Sy L] ghey L = 0S¥ 223 | gasy ~
v e "] SY ey [ H
eV ] grcy ansy (v W ansy © sy oy Mgy T g I g ws £23 ] sy |
v | = V| aasy — 21 QA ansy o 4 2
£C4Y | gasy © S¥ 81V | QNSY [qy N < [ S o ] S23 | gasy 2
e losy @ e ey e o Lo [lav o] o ansd ot 3 os P 923 gey o
SEW | gacy .w UASY oy g c>mm EQRVE W ey z o»mm Lo} IS 33 Tllasy <
Siv] L Cheny o e = v [eav adoss  Z e o I [ec3 623 5INX
OV | gag UASY [Eopy = | QA W gaey B Sy AASY 73 - "
SWlasy ansy (eny BT USY oy Wlogs 3 o Al 2w Fic3
v £ v | S¥ 5y
BV]losy sy [ eny s = 0S¥ ggy oS T o =
V| 9 V| ¥ Y
LV Y ansy | S 5y v Vs S OSY [ggy Wi m oS nX
v = | o V] ansy ] 5 v | an QASY 5y
ZLY ] gacy ESvs BZY 6e1y | N 0S¥ ey LW grsy b = o
v ¥ V] SY gy
i asy 2 aAS¥ eny BV sy UNSY gy 8W | gnci o
v £ V] ansy | - Y1 O =
SLIY | gasy o N v £677 | QASY gy .
vl gy J ey 2y SVlasy g sy [ oW FINX
8ZIV | grcy | SN [ em SAV | D>mw 2 AASY 5wy &)
PV lansy aAS¥ 1y AR RV =
,.nw«l a>mm M QASY | wy Ll 1nX
£E1Y ] gn ASYH [y o
oy = e BN
M EAX
a
2
a




dsaorgsn | A
(g
ON3
e
1ouawdojonap aIeM}os [eusajul Jo-4 @ ﬁ
(Wney2@) zzr [euls)xs woly pasn seig AG ‘€€ uo suoys Jadwnr oN 2 ALee G
‘pasn aq jou pjnoys zzr wouy Alddns AG [euiaixa ‘pasn st AG gSN JI "ASN Woly pasn seig AG ‘SEr uo spoys Jadwnp *|, cezd A
:uondo seig AG @
(2
pasn JoN Q (sn]
‘L 1910N
0Ly
yezd
dI/NIS
20ldL
XL-V10S/620Id9 )\@( % Mn
ece = Fard Ni NIFHO
ﬂ A NIS dI/NIS E\ood_ A cla
0 a1 aN9 _ aad eh
X4-VI25/8201dd [LNOS  dI/ZLNOS —
ik 1 Bl 8505, .
I/LNoS oz 1Sl S, %001
LokdL —WE dNINVM| Zl A%
. . ” | € Le2y D) 1a4
4nL0°0 30'0L ZZ LNOX10 S,
[ T4e) <z QLS3L <ch®F ver
0¢ey vz |HisaL 1SN % BN 392 =
00A aNo 7120 €120 ) L A
[*14 8 zee | 6ced z
X Wa . % na
bed il Ny dal s AW, : da
L | 9 zee  '8zey 4
24NQ0D'T | T4 aN9 dnd S 05T —7+< | oN
LA . A Lged + s .
| Quu sz ]7€d 8LAN 0089, N A
[4%7e) [{i4e} oclesd N s 66dL mﬂo
T3 L'ed AaN3dsns KA N0
0°cd NERERTY 4n 0
zsl NIOFAT? o120 —
gaHyolveasnL I_\ I_\mDNO (g o |- 1)
sin
e

mﬁ_l_ \V4

gSN wo AG 8sn o} Jadwnp




juiod 18] 8qold |[enualayig @ V—INOSIdS/£101d9 7 1101d9 910I1d9 V—OWISIdS/910Id9 ¢ I
(yneyeq) 1ND Jesn 0} spoys Jadwinr ON °Z E|vm 8l0IdD  §lOIdOf a:0zn
1001 | 1A I8lu] 8sn 0} suoys _waEzﬂ L —6101d9D 7101d9O}-,
uojos[es [00L 1 IHA 18I PUe |ND 18] 0201dS  £101dD 8 M0ALBITINTYLNS
(yneyaq) uonelado [ewlou 1o} spoys Jadwnp oN ‘g mel 1Z0Id9  ZL0IdO 6 3 3 ¢ 9 v-oen
apoy weiboid 4SA 80824 104 spoys Jadwiny *|, 19 MDD 1
:uonos|as spoj\ welbold 4SA 808z :6Er @ " ¢20IdO  L10IdO 0, S NP2z sa-1a
dIAS 0} dSd | o 2r{ezoide  oroidor by S 80kdl
. pasnioN. N/ cgreoido  6oidol e
ovr :Z1910N [519%01d0  8oIdDl o )
¢ @ - uolejsuel] dIAS 0} 4Sa 10} siagng utelq uadQ pue Jaaisouel] Buiys [eas 66 | 9201do No_n_w ES
f HOULIZONTHINS 5 61]£201d9  90IdOf5e [500)
_— Vi6LN g ) Vo [-V8/62019) ———————————18201dD GOl
A 1 Rova/0m)— 16201dD  OIdO| o)
L 18TV oIS 0£0Id9  €0IdDfp, #050
90}d1 ) . £0IdD  ZOldDf, £01dl
¢ @ A : ¥-ONIIdS/91.0idd WL 2€0Id9  LOIdOf~ [loo)
T a6in o orey €€0IdD  00IdOf,
[T 8er 1531
oo 70bdL N T ¥E0IdD SOldl
[Eis) Q mmﬂ_,_\ _ wNn_momNm_wmmmE
F .
LA OIGA = 4
2820
an —HzvNIDay  eVNIDQY|-
T|Y B i 5 | .
T HIWNIDQY  YYNIDQY|-.
2 61 0laaA  0laaA
60 ) g00A %] —{OVNIOQY  GVYNIOQV|-. 28 G9
. 9 g A € 8l \%4 SSA olaan
e —e 7{voon 4| yeLBNIOOY  9VNIOaY Tiezo 4 SSA oIaan o
[r08) ——————— 1V aNof¢ 5 98NIOAY  LVNIOQY|, H mw A aan €
[V=INOSIdS/10IdD 5 1A' 30 Z Z€ SanNIoay SuX| 8l =20 W .U;w> aan €6
LdIa 2410 —{ranioay 2X| 6 |° 98
ol L 1€ 98] SSA aan
MS¥SYZ1ZOAYYINS o |EaNIoaY Xrgg*1 % lssn a2
L 8in —eanioay  NIMIOX| . zuneeaez > 65
INOSIdS 6 06 % SSA aan
€0bdL gz ]VENIOOY  LNOMTOX|q 69 [~ [44
A SSA adArg
—oanioav [ARSET o LL b
Vi 86 SSA  ANOVZSSA
@ z 7107100V AEETE N L8| 6¢
Lo SSA  8lvezadaA|
T YOOLOOTINTHINS 5 ~{LX3SIHOAVAASAAN 68 or
9er 0£20 ViilNg L 8¢ o 6|55\ ONOVISSAIE
5 (209 INEERlel7 LN 4 b
G - e 7o lASHL  8LVIAAA=T
ol J§]d4Td0av onn3 oL OVSSA
€T ! A__ £ E=2) 9z ] = el S e
: (2 9
gLin SZd808240Z€SINL EL|.2 1aL TYSSAI5;
. 2:91N
%00C @ or10aL AL poy
6£2y SZd808240ZESINL
(o) g:91Nn
e ]
€|

o
o




89¢d

[ ©aan pue OI0DA 10} uonnjog [euondo |

ALE)
192d

DAAA PUe OIODA leuondQ 8|qesid 0} €4 ‘2 U sHoys Jadwnr ON g
DAAA Pue OIDDA [euoldQ 8|qeus o} gy ‘Zpr uo spoys Jadwinp °|
@|qeu3 DAQA PUB OIOOA [BUORdO EHl ‘Zh @

[<7AN A pasn joN Q
0 ‘¢ 190N
) o o]~ 1dooze %002 S92y
0< 00 - ) poy
€92y Nwwmw 3 m 3
2% Jug'}
L | €520
3001 3 how N C |_| Q\S\(smm
0928 ={300N  LnOAL= } F .
= = w_mwu_ mu_»v .
T o3 A _|4doos 4dos9 . ]
=—{aoood ano T H60°€ %0°02
= P~y 2520 1520 oy o7
1saA  VOOA
N cor oc al's = |° v
b4 b4 A29G  LS2d
0 ~ A%
3l 2 952y
pS2Y V@
81e19SdL
zZn
4dozz ST A
6720
4nzz0 i 0
122 8v20 | 0 oo o|@|~ ddooze V_oo.ww EEE A
7 sz
V 1524 672y mvwmw m 2 nNu 4red g S
AAAS o o 0 062y
E S—{Nowi ss|= |_|$No
_.5%_\ 0 MSTZA T %MM , =—{300N  LnoA|= | <<(§Nm [3n3s~do0n)
chidl (o S[13s4 N \
N
= N3 dINOO[~ 4dooy| uaomol B
E 3 i [ ) €920
%Sy = [5% = M
NS iz z any x9S Gvey
0 V s
eved 81E15SdL
1dozz izn F”_quh induj abejjon
120 Y a ¥IMOd AS
4nzzo | .
122 0wz U0l 4nzz| dnze| dnze| 4nzz =
\V ered %Nm_w 881_\ %Nm_w @mmm_w mmmm_w A
\AANAS
b P ASTNIATLT) H
HNZY0 MS LA HIMOG TAS
g1 oLbdl 60bdL
3 a o] a v




EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies TI from all claims
arising from the handling or use of the goods.

Should this evaluation board/kit not meet the specifications indicated in the User's Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING LIMITED WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO
BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH
ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User's Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TI's environmental and/or safety
programs, please visit www.ti.com/esh or contact TI.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used. Tl currently deals with a variety of customers for products, and
therefore our arrangement with the user is not exclusive. Tl assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module is intended for use for ENGINEERING DEVELOPMENT,
DEMONSTRATION OR EVALUATION PURPOSES ONLY and is not considered by TI to be a finished end product fit for general consumer
use. It generates, uses, and can radiate radio frequency energy and has not been tested for compliance with the limits of computing
devices pursuant to part 15 of FCC or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment may cause interference with radio communications, in which case the user at his own expense will
be required to take whatever measures may be required to correct this interference.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant

Caution

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not cause
harmful interference, and (2) this device must accept any interference received, including interference that may cause undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to operate the
equipment.

FCC Interference Statement for Class A EVM devices

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference when the equipment is operated in a commercial
environment. This equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in accordance with the
instruction manual, may cause harmful interference to radio communications. Operation of this equipment in a residential area is likely to
cause harmful interference in which case the user will be required to correct the interference at his own expense.


http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml

FCC Interference Statement for Class B EVM devices

This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference in a residential installation. This equipment
generates, uses and can radiate radio frequency energy and, if not installed and used in accordance with the instructions, may cause
harmful interference to radio communications. However, there is no guarantee that interference will not occur in a particular installation. If
this equipment does cause harmful interference to radio or television reception, which can be determined by turning the equipment off and
on, the user is encouraged to try to correct the interference by one or more of the following measures:

« Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.

« Consult the dealer or an experienced radio/TV technician for help.

For EVMs annotated as IC — INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

Changes or modifications not expressly approved by the party responsible for compliance could void the user’s authority to operate the
equipment.

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the following two conditions: (1) this
device may not cause interference, and (2) this device must accept any interference, including interference that may cause undesired
operation of the device.

Concerning EVMs including detachable antennas

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser) gain
approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type and its gain should
be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for successful communication.

This radio transmitter has been approved by Industry Canada to operate with the antenna types listed in the user guide with the maximum
permissible gain and required antenna impedance for each antenna type indicated. Antenna types not included in this list, having a gain
greater than the maximum gain indicated for that type, are strictly prohibited for use with this device.

Cet appareil numérique de la classe A ou B est conforme a la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider I'autorité de
I'utilisateur pour actionner I'équipement.

Concernant les EVMs avec appareils radio

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation est
autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas produire de brouillage, et (2) I'utilisateur de I'appareil doit accepter tout
brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et d'un gain
maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage radioélectrique a
I'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope rayonnée équivalente
(p.i.r.e.) ne dépasse pas l'intensité nécessaire a I'établissement d'une communication satisfaisante.

Le présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le manuel
d’'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne non inclus dans
cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de I'émetteur.



[Important Notice for Users of this Product in Japan]
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

1. Use this product in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal Affairs and
Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for Enforcement of Radio Law of
Japan,

2. Use this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjukku-ku, Tokyo, Japan

http://www.tij.co.jp
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure that any interfaces (electronic and/or mechanical)
between the EVM and any human body are designed with suitable isolation and means to safely limit accessible leakage currents to
minimize the risk of electrical shock hazard.

3. You will employ reasonable safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even
if the EVM should fail to perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI's recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please contact
a Tl field representative prior to connecting interface electronics including input power and intended loads. Any loads applied outside of the
specified output range may result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the
load specification, please contact a Tl field representative. During normal operation, some circuit components may have case temperatures
greater than 60°C as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold T, its licensors and their representatives
harmless from and against any and all claims, damages, losses, expenses, costs and liabilities (collectively, "Claims") arising out of or in
connection with any use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible use in safety critical applications (such
as life support) where a failure of the Tl product would reasonably be expected to cause severe personal injury or death, such as devices
which are classified as FDA Class Il or similar classification, then you must specifically notify Tl of such intent and enter into a separate
Assurance and Indemnity Agreement.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated



EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies Tl from all claims
arising from the handling or use of the goods.

Should this evaluation board/kit not meet the specifications indicated in the User's Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING LIMITED WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO
BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH
ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User's Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on Tl's environmental and/or safety
programs, please visit www.ti.com/esh or contact TI.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used. Tl currently deals with a variety of customers for products, and
therefore our arrangement with the user is not exclusive. Tl assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module is intended for use for ENGINEERING DEVELOPMENT,
DEMONSTRATION OR EVALUATION PURPOSES ONLY and is not considered by Tl to be a finished end product fit for general consumer
use. It generates, uses, and can radiate radio frequency energy and has not been tested for compliance with the limits of computing
devices pursuant to part 15 of FCC or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment may cause interference with radio communications, in which case the user at his own expense will
be required to take whatever measures may be required to correct this interference.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant

Caution

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not cause
harmful interference, and (2) this device must accept any interference received, including interference that may cause undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to operate the
equipment.

FCC Interference Statement for Class A EVM devices

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference when the equipment is operated in a commercial
environment. This equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in accordance with the
instruction manual, may cause harmful interference to radio communications. Operation of this equipment in a residential area is likely to
cause harmful interference in which case the user will be required to correct the interference at his own expense.


http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml

FCC Interference Statement for Class B EVM devices

This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference in a residential installation. This equipment
generates, uses and can radiate radio frequency energy and, if not installed and used in accordance with the instructions, may cause
harmful interference to radio communications. However, there is no guarantee that interference will not occur in a particular installation. If
this equipment does cause harmful interference to radio or television reception, which can be determined by turning the equipment off and
on, the user is encouraged to try to correct the interference by one or more of the following measures:

« Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.

« Consult the dealer or an experienced radio/TV technician for help.

For EVMs annotated as IC — INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

Changes or modifications not expressly approved by the party responsible for compliance could void the user’'s authority to operate the
equipment.

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the following two conditions: (1) this
device may not cause interference, and (2) this device must accept any interference, including interference that may cause undesired
operation of the device.

Concerning EVMs including detachable antennas

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser) gain
approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type and its gain should
be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for successful communication.

This radio transmitter has been approved by Industry Canada to operate with the antenna types listed in the user guide with the maximum
permissible gain and required antenna impedance for each antenna type indicated. Antenna types not included in this list, having a gain
greater than the maximum gain indicated for that type, are strictly prohibited for use with this device.

Cet appareil numérique de la classe A ou B est conforme a la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider I'autorité de
I'utilisateur pour actionner I'équipement.

Concernant les EVMs avec appareils radio

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation est
autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas produire de brouillage, et (2) I'utilisateur de I'appareil doit accepter tout
brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et d'un gain
maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage radioélectrique a
I'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope rayonnée équivalente
(p.i.r.e.) ne dépasse pas l'intensité nécessaire a I'établissement d'une communication satisfaisante.

Le présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le manuel
d’'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne non inclus dans
cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de I'émetteur.



[Important Notice for Users of this Product in Japan]
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

1. Use this product in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal Affairs and
Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for Enforcement of Radio Law of
Japan,

2. Use this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjuku-ku, Tokyo, Japan

http://www.tij.co.jp
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure that any interfaces (electronic and/or mechanical)
between the EVM and any human body are designed with suitable isolation and means to safely limit accessible leakage currents to
minimize the risk of electrical shock hazard.

3. You will employ reasonable safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even
if the EVM should fail to perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI's recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please contact
a Tl field representative prior to connecting interface electronics including input power and intended loads. Any loads applied outside of the
specified output range may result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the
load specification, please contact a Tl field representative. During normal operation, some circuit components may have case temperatures
greater than 60°C as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold TI, its licensors and their representatives
harmless from and against any and all claims, damages, losses, expenses, costs and liabilities (collectively, "Claims") arising out of or in
connection with any use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible use in safety critical applications (such
as life support) where a failure of the Tl product would reasonably be expected to cause severe personal injury or death, such as devices
which are classified as FDA Class Il or similar classification, then you must specifically notify Tl of such intent and enter into a separate
Assurance and Indemnity Agreement.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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