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ABSTRACT

Tl 10G optical module SFP+ total solution is a complete demonstrated-working optical
transceiver solution targeted for the small form factor pluggable (SFP+).

This solution reduces customer design time, thus saving customer cost without
compromising performance. This is achieved by combining TI's laser driver ONET1101,
limiting amplifier ONET8501 and powerful MCU MSP430 into an SFP+ multisource
agreement standard package, with convincible design files and test results.

This application note provides the schematics, PC-board layout, Gerber files, bill of
materials (BOM), firmware, and a graphical user interface (GUI); not only for the module
but also for the evaluation board. Test setup, test data, and typical performance for
assembled boards are also included in this solution.
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1 Introduction

The enhanced small form-factor pluggable (SFP+) is a compact, hot-pluggable transceiver used
for 10G telecommunication and data communications applications. It is a popular industry format
jointly developed and well supported by many system component vendors. The form factor and
electrical interface are specified by a multisource agreement (MSA).

With complete portfolio for optical transceiver application of laser drivers, limiting amplifiers;
combining with Tl powerful MCU, Tl is able to provide customers a total solution for SFP+ design.
ONET1101, 11.3G laser driver, ONET8501, limiting amplifier, MSP430, MCU are chosen for this
10G SFP+.

This application note covers 10km 10G DML base SFP+ design details and test solution:
includes module side schematic, PCB layout, firmware, BOM, debugging tips; also evaluation
board schematic, PCB layout, GUI, BOM, and test results.

2 SFP+ Block Diagram
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SFP+ consists of a transmitter (laser driver ONET1101 + DML NEC NX8341), a receiver (ROSA
+ limiting amplifier ONET8501) and a control block (MCU MSP430FR5738).
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3.1

Transmitter

The transmitter converts electrical signals to optical signals.

Laser driver ONET1101 amplifies the input signal as modulation and provides DC current to

DML as bias.

The ONET1101L is a high-speed, 3.3-V laser driver designed to directly modulate a laser at data

rates from 2 to 11.3 Gbps.

Transmitter Schematic:

ONET1101L provides a 2-wire serial interface that helps digital control of the modulation, plus
bias currents and cross-point, thus eliminating the need for external components. ONET1101L
also includes an integrated automatic power control (APC) loop, plus circuitry to support laser

safety and transceiver management systems.

With the digital control interface feature, ONET1101L enables designer focus on high-speed
path and impedance matching for best eye performance.

The following schematic shows the optimum impedance structure for typical DML.
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3.2 PCB Layout

e Adistributed feedback (DFB) laser is a low-resistance component, typically ranging from 7
Qto10 Q.

e The flexible PCB cable is commonly a 25-Q, single-ended trace.
e There is a reflection at the interconnection between the flex cable and the TOSA.
e A careful layout and impedance match circuit is critical for better performance.

This solution gives demonstrated-working layout, as shown below:

3.3 Calculations

The ONET1101L laser diode driver is optimized to drive 50-Q differential output transmission
impedance.

For a low-power design, it has a 500-Q differential back termination. Because the LR DFB TOSA
has only 10-Q impedance (approximately), the reflection is much worse if there is no transfer
circuit added. The purpose of the transfer circuit is to drive the load impedance close to 50 Q
from the driver side.

Output impedance: differential resistance seen by the MOD# outputs is:
ZouTt = R1//(R2 + R3 + R4 // Rtosa)

A typical Rtosa is approximately 10 Q, optimized R1~R4 are:
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R1=110Q,R2=R3=200Q, R4 =180 Q,
then Zoyt is:
110//(40 + 180//10) = 35 Q

TOSA: ~10 @

I

Z 200 | :
P

i

) GQEF' [ : ...l"'.,l"'...'" * 1] q_r—+

I
"E %mu 1802}% s0-D# TLY LD
MOD+
+.
|
I
I

3.4 Test Result
e TOSA: NEC NX8431
e VCC=312V;
e ICC =150 mA;
e Room temperature;
e 10.3G PRBS31

e  Mask margin 30%

TI Optical Module 10G SFP+ Total Solution 5
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4  Receiver
The receiver converts optical signals to electrical signals.

Limiting amplifier ONET8501PB amplifies the converted electrical signal as output of the
receiver.

The ONET8501PB is a high-speed, 3.3-V limiting amplifier for multiple fiber-optic and copper
cable applications with data rates from 2 to 11.3 Gbps.
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4.1

Receiver Schematic

ONET8501PB provides a 2-wire serial interface ,which allows digital control of the bandwidth,

output amplitude, output pre-emphasis, input threshold voltage (slice level), and the loss of
signal assert level.

Predetermined settings for bandwidth and LOS assertion levels can also be selected with
external rate selection pins.

ONET8501PB also provides a gain of about 34 dB, which ensures a fully differential output
swing for input signals as low as 20 mV,.,.

The output amplitude can be adjusted to 350 mV,, 650 mV,, or 850 mV,.

To compensate for frequency-dependent loss of microstrips or strip-lines connected to the
output of the device, programmable pre-emphasis is included in the output stage.

A settable loss of signal detection and output disable are also provided.

With the digital control and high gain feature of the ONET8501PB, designers can achieve high-
sensitivity performance.
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4.2 PCB Layout
!- ;
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4.3 BER Curves
Test results of two modules:
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5

10

Firmware

The firmware running in the MSP430FR5738 finishes the following main tasks:

Monitor ADCs: temperature, input voltage, TX bias, TX power, RX power

Monitor the analog values to determine whether they exceed the settings; set the alarm
and warning flags.

Calculate the compensatory values and auto-run extinction ratio equalization.
Act as IIC master to read out and control the laser driver and limit amplifier.

Act as IIC slave, communicate with the upper control center via lIC bus, send out the
monitoring values, the alarm and warning values, pins status, vendor information and other
real time information of the SFP+ module, and receive command and execute.

TI Optical Module 10G SFP+ Total Solution
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5.1 Firmware Main Flowchart
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5.2 Compilation environment

The firmware is compiled and debugged under the IAR IDE environment.

[4€ 1AR Embedded Workbench IDE
File Edit View Project Emulator Tools Window Help

DwEH@| & BR| o o Y Ee @B EUERS LD

Workspace * | 1AR Information Center for M5P430 | table-value.c | Master12C.c | T SFP+ 10km.map | Slave-12C.c | int-timer.c | 12C_Commands.c | initialization.c | Adj
[Debug et 4/ Toggle internsl reference voltage

Files £r HR while (REFCTLO & REFGENBUSY); #// If ref generator busy, WAIT

B @ TI SFP+ 10km - Debug v while (!(ADCLOIFG & ADCLOIFGO)): // Conversion complete?

EB1ADCe
] Adjustrnent.c BDC Result[ 1 ] = ADCLOMEMO;
Diagnostic.c

ADC Result Sum += ADC Result[i]:

_ delay cycles({25000); #/ Delay between conversions

}

RDC Result Average = RDC Result Sum >> 2; // Average of £ conversions results

Slave-2Ca

B table~value.c

L& [ Output
[ TI SFP+ 10km.c43
L B TISFP+ 10km.map

mohebbe | Gen

RDC Result Sum = O3

1

void Temp Monitor({ woid )
1

RDCIOMCTLO = MODULE TEM + ADCLOSREF 1; //Vref+
Get_Channel Values{ };

= (U& ) { RDC Result Average >> & ); #/Temperature MSH

B2 Diagnostics[ 36 ]
71 = (U8 ) {RDC Result RAverage ); //Temperature LSB

k2 Diagnostics[ 3

RDC Result Average = 07

void Vcc_Input_Moniter( woid )

{
ADC10MCTLO = VCC_INPUT + ADCLOSREF 1; FAVref+

Get Channel Valuea{ };

k2 Diagnostics[ 92 ] = ( U8 ) { RDC Result Average >> & ); #/Vec MSB
L2 Diagnostics[ 3% { BDC Result Average ); #£/Vec LEB

=1
o

TI SFP+ 10km JD o]

Messages
12C_Commands.c
Master-2C.c
Slave-2C.c
initialization.c
inttimer.c

rmain.c
table~value.c
Linking

Total n |
| Total nurmber of warnings: 0

- | ]

%ﬁ&tﬂgtw.

lRea dy
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5.3 Simulate and Debug

Run the simulation and debug the firmware using the TI MSP430FR57xx simulator connected

with the target board.

/ﬁ IAR Embedded Workbench IDE

File Edit View Project Debug Emulator Tools Window Help

Goto FRAM

X
4
I
4
IF"
El

Y e -4 Y "o P ab
Ci8 22282 2X]
@l 2=6| %0
Workspace * | slavet2c.c | int-timer.c | 12C_Commands.c | initislization.c | Adjustment.c | Diagnostic.c | ADC.c main.c T
lDebug '] #include "glckal.h"” TJ
Filas & O . - _ I
U8 Control Start, Control Data, Control BRdd, Control Read Cut Data;
B TI SFP+ 10km -De... v
E1ADCE void main{ void )
Adjustment.c {
Diagnostic.c =
— [ globalh #if 1
12C_Caommands.c Real Time Monitor{ ):
initialization.c 3
inttimer.c Real Time Diag( ): =
main.c #endif . )
Master-l2C.c while{ 1 )
Slavel2C o o
[ table~value.c EEE 0 )
Doutput __no operation():
if{ Control_Start )
i
I2C Master 1101L Random Write{ Control Data, Controcl Add
Control_Start = 07
Control Read Qut Data = I2C Master_1101L Random Read{ Com:
}
else
__no_operation();
#endif =
Tl 5FF+ 10km JD e R — g
= |
Log
“Wed Sep 26, 2012 09:56:19: Interface dll version 2.4.9.1
Wed Sep 26, 2012 09.56:19: Device : M3P430FR57 38
YWed Sep 26, 2012 09:56:19: External wvoltage : 0.0
“Wad Sep 26, 2012 09:56:19: WCCvoltage : 35
YWed Sep 26, 2012 09:56:21: Download complete.
Wed Sep 26. 2012 09:56:21: Loaded debugee: KATI_SFP+\Code\SFF+ Firmware1 DkmiyAR ProjectDebughExefTI SFFP+ 10km.d43
E" Wed Sep 26, 2012 09.56:21: Target reset
o
=3
g’ Debug Log | Build | Breakpoints

focfl0 f£f £f £f £f £f £f £f £f £f £f £f £f ff £ff ff
fdoo 03 04 07 20 30 00 00 00 00 81 00 03 B4 00 28
fdi0 00 00 00 00 54 65 78 61 73 49 6= 73 74 72 75
fd20 |65 ke 74 73 00 00 00 0O 00 00 0O OO 00 00 OO
fda0 00 00 00 o0 00 00 00 00 31 £=2 30 31 00 00 00
fd40 00 1la OO0 0O 00 OO OO0 0O OO OO 0O OO OO0 00 0o
fds0 00 00 00 00 31 32 30 39 33 30 20 20 58 70 03
fdel 00 00 OO0 0O 0O OO OO0 0O OO0 OO0 00 OO0 OO0 00 0o
fd70 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0o
| fdo0 ff £f £f ff £f £f £f ff £f £f £f ff £f £f £f
E| £d90 f£f £f ff £f £f £f £f £f £f £f £f £f £f £f ff
=| fda0 ff f£f £f ff £f £ff £ff £f £f ff £f ff ff f£f ff

oo co..120830 0 Ip. .

TI Optical Module 10G SFP+ Total Solution
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i Watchi x | Disassemtl x
1 Expression Value Location T Goto OxFCO0 - | Memary v]
#  Al_Senal_ID i Hemory: 0x1C19 U : -
&3] AE_Diagn_ostics w HemDri.DxlD19 u Disassembly
= 00D4ES 503C FDOO add.w #0xFDOO . R12
= ADC_Result {arrayr Hemory: 0x1C02 6}
00D4EC 13B0 D&9%6 calla #FRAM Read Byte
ADC_Result_Sum 0 Memory: Dx1C0A U Sl . B =
ADC_Result_4verage 1] Memory: 0x1C0C (0] e e oo
12C_Slave_Al_Received_Memary_Add.. 0=00 Hemory: 0=x1C0F 1 —Dggz;iera 1333 ’
12C_Slave_Al_Received_Bwtes_Count 0=00 Hemory: 0=1C10 U . . nop
foarld sl e g G
Contral_Diata Error (c .
00D4FE E31F inc.w R1%
Control_Add Error (c... ; ;
Contral_Start Error (c Hobe S e e i
5 = 00D4FS 903F 0080 Chp. W #0x80, R1E
Control_Read_COut Data Error (c... QOD4FC SEFd E 0=D4EG
OMET1101L_00H 0x00 Memory: 0x1C13 U : ik 2
OMETI01L_01H 0=00 Hemory: 0x1C14 u}
ONETI101L_05H 000 Menory :0x1C15 | P reta
OMET1101L_04H 0=00 Henory: 0x1C16 ] Ml
OMETI01L_03H 0=00 Hemory: 0x1C17 1 .
¢<click to edit> .
Rl lee) Real Time Monitor( 3.
nopso4d 13B0 D474 calla #Real Time Monitor
Real Tims Diag( ):
oopsos 13B0 DE72 calla #Real_Time Diag
Real Time Diagf{ ;- diagnostic monitor in every period
0oDs0c 13B0 D&72 calla #Real_Time Diag
I2C Command Ezcution( J:
gons1o 13B0O C300 calla #I2C_Command Excut
Real_Time Momitor( 3
< il I : 00DS14  13B0 D47A calla  #Real Time Monitor ™
Register Watch 1 [Quick Watch R ] | r
x
3
pos 0000fd20 = M=

14
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6  Test Configuration

To evaluate performance of an assembled board, this application note also describes a
complete test configuration, includes setup, hardware (evaluation board), and software (GUI).

6.1 Test Setup

S SFP+ Host Board LED Ingicators
Pattern
Generator/ MR Optical
BERT, 20 Pin
Serializer/ SR SFP+ Module e L-ll;eﬁ’t!ent
Deserializer SMA s4'lp
or FPGA

Computer
Power Supply
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6.2

Evaluation Board

This high-speed, SFP+ host board is designed for evaluating SFP+ modules that operate at data
rates up to 11.3 Gbps.

The host board can be used to test SFP+ and demo additional features for testing, monitoring,
and programming Tl SFP+ total solution.

The evaluation board provides microstrip transmission lines and SMA connectors for transmitted
and received data.

Supply current monitors, voltage monitors, and some digital /O control/monitoring are provided
through hardware (also the GUI).

TI Optical Module 10G SFP+ Total Solution 19
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6.3 Schematic
J101 gILP+mnednr
| = I||—'—L VeeRZ  VeeRI Jg—“l p—
C1]|0.1uF 12 | ppe rs1 |8 RS1 1
© sMa oAty oE 13 'Aps  Rx LOS [R R LOS
| ED+ | 12 | yeeRa Re0 - = '& g.ﬁ
L Jioz . Fc:s VEC3V35 fyor  Mod_Abs B MOD ABS
shaa o I_g:ﬁ VCC3V3g | aoL |8 ! sCL
| TO+ | 2l PP soa |4 SDA
E GSHD uF 12 TD+ Tx_Disable = Tx Die
SMA (‘AHDJuF 1Q T0- Tx_Fault b Tx_Fault
I| 10 I||—7-']— VeeT3  VeeTi —‘—“I
J104
" smA
VCC_Socket_3.3 VOCIVI
T, » e A W
‘ 4 TuH
—_—Gc112 =——C110 pu— | |
10uF 1uF 1uF
J105
R51 i
R&D o
Tx Dis T g
4 | ||
R4 RS R3 S
10K 10K 10K
VOCIV3
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U2 mcraacosnT

Rx_LOS . outs L2 Bl i@fl‘ VCCavs
—3 N2 ouT? FE—

Tx Fault A £ 04

e e B ouT3 Blown o VCCavs
—8 e ouTs FE—

MOD ABS 10 a D5

———— s oUTS A o NCCIV3
—12 s ouTe HE—

| ”—L GND voo H4——{vecava

6.4 PCB Layout
The evaluation board designed to use single-ended transmission lines.

Changing the PCB layer profile can affect the impedance of these transmission lines and,
therefore, the performance.

TI Optical Module 10G SFP+ Total Solution 21
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6.5 GUI
The GUI software is developed under VC++. It is compiled by VC++ 6.0.

94 USB2I2C - Microsoft Visual C++ - [USB2L2Crc - IDD_DLGOTHER (Dialog)]

‘Eile Edit View Insert Project Build Layout Tools Window Help

2 2Ed o E 4 [OnButtonReadOutADCs  +| | g
[CotherPage _~||{Al class members] ~|| & COtherPage ~|® v|||usB2izC  ~|jwin32 Release Bl tE
(BB Y EL
=4l ¥
= 23 USB2I2C resources
=4 Dialog __ | Transmitter
IDD_ABOUTBOX - | Flager Driver
= i .
@ _______ 1 _ || Enable Auto Extinction Ratio Equalization Fun % Hizh L2
= IDD_EEPROMRW - f Temperature Edit Edit
IDD_USB2I2C DIALOG| |- [| | Disable duto Extinction Ratio Equalization Stap

(1 lcon Voo Input Edit Edit
# (1 String Table ZH | Control Settings ; : -
[ Version g T¥ Bias Edit 1Ed1t

High(0x00) Lowi0=01)
2K TX Power Edit Edit

Edi Edi Wri Eead
1t 1t rite eal 5 (s ’Eﬁ?— ﬁ_ﬁ._
Modulation Current Settings Read

£ High(0x02) Low(0x03) .
f]r ]F Write Read Cross Point Adjust (0=07)
Edit Vrite Fead

Bias Current Settings

High(0x04) Low (0x05) Limiter Bias Current Adjust {0x08)

- Edit Edit Yrite Read Edit Yrite Read

Bqualizer Adjust (0z06) High Current Enable(0z09)

_ Edit Vrite Read EdL _ite | Read |

R Class...| & Reso... | IFileVi...

ﬁ OtherPage.cpp
luse212¢_cpp
USB212CD1g.cpp
Generating Code...
Linking...

USB2I2C_DEMO.exe - @ error{s), B warning{s)

Build { Debug j Find in Files 1 » Find in Files 2 } Results j 59L Debugging 4] \

22 TI Optical Module 10G SFP+ Total Solution
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p
USB2I2C *~igiEtiEL

=

Transmitter lReceiver i Memory Map ]

~Laser Driver

Enable Auto Extinction Ratio Equalization
Diszable Auto Extinction Ratio Equalization

Controel Settings

Ron |
st |

Stop

Hi gh (D007 Law (0012

(o [ & Write Read
Modulation Current Settings
High (0x02) Low (0203
1 7 IQU Write Read
EBias Cwrrent Settings
Hizh (0x04) Law (0:205)
I i} 190 Write Read
Equalizer Adjust (0:06)

=0 Write Read

AT Values High Low
Temperature ] ]
Vee Input | |
T¥ Bias | |
TY Fower | |
EX Fower | |

Read
Cross Point Adjust (0x07)
JSE
Limiter Bias Current Adjust (0x08)
1]
High Current Enable (0x09)

i} frite I Read I

Write ] LRead 1

frite 1 Read 1

TI Optical Module 10G SFP+ Total Solution
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24

L
USB2I2C *+ig&=EiEL

Transmitter Receiwer ]Memor}' Map1
Limiting fmplifier-

Control Settings (0:x00)

T

frite I Read ]

Input Thresheld Adjust (0x01)

:

frite I Read J

Pre—emphasi=s Adjust (0x02)

I

frite ] ERead 1

Output Amplitude Adjust (0x03]

|

frite J ERead I

Rate Selection Register A(0x04)

|

frite J Read I

Rate Selection Register B(0x0S)

l

frite ] Read |

Rate Selection Register C(0x0B)

frite l Read J

|

Rate Selection Register D (Dx0T)

Write J ERead J

I

L0S Azzert Lewel Register A(Dx08)

frite | Read

I
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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