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INTRODUCTION

IDT5T989x and IDT5T982x devices are the timing devices that can be
configuredin-system. The devices include EEPROM non-volatile memory
tostore the user's configuration.

DEVICE OVERVIEW

There are four members in the family. IDT5T9820 and IDT5T9821 are
zerodelay buffer (ZDB) versions, and are targeted for applications that have
no specific propagation delay requirements between inputs and outputs.
IDT5T9890 and IDT5T9891 are programmable skew versions, and are
targeted forapplicationsthatrequire individual skewadjustment foreach output
pair.

meaning itwill track the input's Spread Spectrum Clock (SSC). Each device
can bypass the PLL to function as aregular clock fanout buffer.

Thereisafeedback divider for frequency multiplication of 1-6, 8, 10, 12 and
a post-divider of 2 and 4.

Zero Propagation Complementary Output-to-Output Programmable In-System
Device Delay Outputs Skew Adjustment 1/0 Programming
IDT5T9820 X X X
IDT5T9821 X X X X
IDT5T9890 X X X X
IDT5T9891 X X X X X

ThelDTlogois aregistered trademark of Integrated Device Technology, Inc.
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DETAILFEATUREDESCRIPTION
OUTPUT ENABLE (OE) FEATURE

Forthe IDT5T9890and IDT5T9820, there is a pair of single-ended outputs
on eachof thefirstfive banks, excluding the differential feedback bank. For
the IDT5T9891and IDT5T9821, thereis one differential outputforeach bank,
including the differential feedback bank. Each bank hasits own outputenable/
disable external pin (\SOE) as well as a corresponding function in Bit 56-52
for serial programming. Boththe external pinand corresponding Bitare used
in conjunctionandfunctionas an NOR where both have tobe LOW to enable
the outputand if either one is HIGH then the output will be disabled.

Whenthe outputis disabled, the state of the output can be determined by the
external pin OMODE or its corresponding Bit 59. These two are also used
inconjunctionand functionas an NOR where both have to be LOW to tri-state
the outputand when either one is HIGH then the disabled output would gate
toaLOW or HIGH state.

The gated output state will depend on Bit 58. Bit 58 actually determines if
the PLL will synchronize to either the positive or negative edge of the reference
clock. This ties to the gated output state in such that when the PLL is
synchronizedtothe positive edge, the output will be gated to a LOW state and
ifsynchronized to the negative edge, toaHIGH state. For differential outputs,
with positive sync, the true outputs will be gated to a LOW state and
complementary to a HIGH state. With negative sync, the true outputs will be
gatedtoaHIGH state and complementary to a LOW state.

The tables below capture the different options and states for enabling/
disablingthe outputs.

JTAG/ I2C SERIAL CONFIGURATIONS®

PD nsOE OMODE Output States
H lorH lorH Gated
H lorH OandL Tri-Stated
H OandL X Normal
L X lorH Gated
L X OandL Tri-stated
NOTE:

1. OMODE and its corresponding Bit 59 selects whether the outputs are gated LOW/HIGH
or tri-stated. When OMODE is HIGH or the corresponding Bit 59 is 1, the outputs' disable
state will be gated. Bit 58 determined the level at which the outputs stop. When Bit
58 is 0/1, the single-ended and true (differential) outputs are stopped in a HIGH/LOW
state, while the complementary (differential) output is stopped in a LOW/HIGH state.
When OMODE is LOW and its corresponding bit 59 is 0, the outputs' disable state will
be tri-state.

BYPASSING PLL

Anoptiontobypassthe PLL and operate ina clock buffer modeis provided
by anexternal pin, PLL_EN, andits corresponding Bit57. Thesetwoare used
inconjunction and functionas an NOR where both have to be LOWto enable
the PLL. Ifeither oneis HIGH thenthe PLL will be disabled and the reference
clockwillbe buffered. During the clock buffer mode (PLL disabled), all divide
and skew selections will remain in effect, but the skewwill stillbe based offthe
VCO frequency which would be idling at the minimum of its range. The idle
frequency may vary andis suggested to not depend or use the skew time units
for systemtiming adjustment.

POWERUP CONDITIONS

The parts will powerup with all internal volatile programming registers
defaulted to a value of ‘0", bits 95:0. Upon powerup, the device will perform
an automatic restore to load the contents of the EEPROM onto the internal
programming registers. Initial factory shipmentwill have the EEPROM pre-
loadedwith all Bits setto'0". The user musthave the PD pinset HIGHto ensure
proper operation of the auto-restore. The auto-restore will function regardless
ofthe state ofthe PLL_EN pin or Bit57. Once the device acknowledges the
7-bit I°C address, it will be ready to accept a programming instruction.
Assumingthereisavalid clock on REF and FB, the total time, including complete
power-up ofthe device, stabilization, auto-restore time and lock time of the PLL,
isapproximately 4ms. The auto-restore time itself will be approximately 3ms.
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PROGRAMMABLE CLOCK APPLICATIONNOTE APPLICATIONNOTEAN-234

PROGRAMMABLE SKEW CAPABILITIES

The programmable skew PLLs offer up to 7 time units, lead or lag, per output bank, including the feedback bank. A nominal time unitis 1/16 of the VCO
period. Forexample, ifyour reference clock frequency is 10MHz and the PLL is configured to multiply by 10to achieve 100MHz on the outputs, thenthe VCO
willbe running at 100MHz. Sothe VCO period would be 10ns and 1/16 of that would yield 625ps for anominal time unit. The maximum skew achieved would

be +(7*625ps) or +£4.375ns.

PROGRAMMABLE SKEW RANGE AND RESOLUTION TABLE

FS = LOW FS = HIGH Comments
Timing Unit Calculation (tu) 1/(16 x FNOM) 1/(16 x FNOM)
VCO Frequency Range (FNOM) 50 to 125MHz 100to 250MHz
SkewAdjustment Range
Max Adjustment: +8.75ns +4.375ns ns
+157.5° +157.5° Phase Degrees
+43.75% +43.75% % of Cycle Time
Example 1, Fnom = 50MHz tu=1.25ns —
Example 2, FnoM = 75MHz tu=0.833ns —
Example 3, FNom = 100MHz tu=0.625ns tu=0.625ns
Example 4, FNom = 150MHz — tu=0.417ns
Example 5, FNom = 200MHz — tu=0.313ns
Example 6, FNom = 250MHz — tu=0.25ns

FREQUENCY MULTIPLICATION AND DIVISION
Each outputbank hasits own divide-by-2 and divide-by-4 to choose from. The configuration Bits 29:0 are in sets of five bits per each output bank, including
the feedback bank. The table below shows the divide-by-2 and divide-by-4 settings.

JTAG/ I°C SERIAL CONFIGURATIONS: SKEW OR FREQUENCY SELECT

Bit 4,9, 14, Bit 3, 8, 13, Bit2,7, 12, Bit 1,6, 11, Bit 0, 5, 10, Output Skew
19,24,29 18,23,28 17,22,27 16,21, 26 15, 20,25
0 0 0 0 0 Zero Skew
1 0 0 0 0 Inverted
1 0 0 0 1 Divide-by-2
1 0 0 1 0 Divide-by-4

Configuration Bits 51:48 setthe values for the internal FB divider to achieve clock multiplication. The available feedback divide ratios and settings are shown
inthe table below. The total feedback divide ratio (FB divider + post divider) is limited to a maximum of 12. For example, the FB divider can be setto/6 and
the feedback bank can be setto /2 for an effective /12 feedback divide ratio. Allfour part numbers will have feedback divider options available.
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JTAG!/ I°C SERIAL CONFIGURATIONS: FB DIVIDE-BY-N

Bit51 Bit50 Bit49 Bit48 Divide-by-N Permitted Output Divide-by-N connected to FB and FB/VREF2

0 0 0 0 1 1,24

0 0 0 1 2 1,2

0 0 1 0 3 1

0 0 1 1 4 1,2

0 1 0 0 5 1,2

0 1 0 1 6 1,2

0 1 1 0 8 1

0 1 1 1 10 1

1 0 0 0 12 1

The allowable input frequency range and output frequency range are
determined by the minimum and maximum VCO frequency and highest
feedbackdivide ratio allowed. The minimumVCO frequency is 50MHz butthe
minimum inputfrequency allowedis4.17MHz, based ona/12 feedback divide
ratio, which would multiply the input clock by 12 to effectively achieve 50MHz
inthe VCO. The maximuminputfrequencyisjust based offthe maximumVCO
frequency of 250MHz.

The outputfrequencyrange s calculated similartothe inputfrequency range
butinstead of basingitonthe feedback divide ratio, itis based offthe post divide
ratio allowed, which would be 4. So the minimum output frequency would be
12.5MHz based onthe minimum VCO frequency of 50MHz and maximumis
250MHz.

INPUT AND OUTPUT I/O STANDARDS

All four devices offer four distinct I/Os on the outputs, 2.5V LVTTL, 1.8V
LVTTL, 1.8V HSTL (eHSTL), and 1.5V HSTL. The I/O selection for each
outputbankis controlled via I)C/JTAG serial programming, which would be
Bits 47-36. The dedicated Vppq pins must be connected appropriately foreach
/0 bank.

JTAG/ 1°C SERIAL CONFIGURATIONS:
OUTPUTDRIVESTRENGTHSELECTION

Bit 37, 39, 41, Bit 36, 38, 40,
43,45, 47 42,44, 46 Interface
0 0 2.5VLVTTL
0 1 1.8VLVTTL
1 0 HSTL/eHSTL

Ontheinputside, reference clock inputs support pure single-ended 3.3V
LVTTL,2.5VLVTTL,and 1.8V LVTTLanddifferentialinputs suchas LVPECL,
LVEPECL, HSTL, eHSTL, LVDS, etc. The differential I/Os must meet the
minimuminputdifferential voltage of 400mV and common mode range of 600mV
to 1400mV. Thetype of /O the clockinputs will interface withis controlled via
[2C/JTAG serial programming, which would be Bits 36-30. There are three
distincttypes of /Oinputinterfacing to selectfrom, as showninthe table below.
One selectionwould be for single-ended 2.5V LVTTL interfacing which also
includes 3.3V LVTTL since the clock inputs are 3.3V tolerant. A second
selectionwould be for single-ended1.8V LVTTLinterfacing and the last s for
differential I/Os. In Differentialinputinterfacing mode, the input buffer can also
acceptsingle-ended 1/0Os such as LVTTL, as long as a reference voltage is
appliedtothe complementaryinput.

JTAG/ I1°C SERIAL CONFIGURATIONS:
CLOCKINPUT INTERFACE SELECTION

Bit 31, 33,35 Bit 30, 32, 34 Interface
0 0 Differential
0 1 2.5VLVTTL
1 1 1.8VLVTTL

Allthe control pinsaccept2.5V LVTTLand canaccept 1.8V LVTTL by setting
Bit61.
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USING THE PROGRAMMABLE CLOCK SOFTWARE AND PROGRAMMING KIT

IDT provides Programmable Clock software to configure the device and its features easily. Combined with the Timing Device Programmer kit, the software
alsoallows usersto programand test the device in the lab environment. The Programmable Clock software isincluded inthe Timing Device Programmerkit,
and can also be downloaded from the IDT website.

PROGRAMMABLE CLOCK SOFTWARE OVERVIEW

The Programmable Clock software provides six tab-screens to view all the features and bits: Block Diagram tab, Register Settingstab, IDT Formattab,
Intel Formattab, Motorola Formattab and Schematics tab. The Block Diagram and Register Settingstab allow users to change the configurations easily, where
the IDT Format, the Intel Format and the Motorola Format allows users to view their configuration bits in their respective formats. The Schematics tab shows
the highlevel schematics diagram of the device.

Programming Output Skew or
the device Divider Selections
Feature Selection
Setting COM For 1
Port / - or Output 1Q
|& V}\saTin\Smith: C:\Documents and Settings\elim\My Documents\5T9ﬂMnlilled.idtversatime / u@@

File  Edit\Tools Ndelp

SetFaNg . IDT Chip: 579 /
Program Chip. ., = Tias
10 %al Operation VE [

Tnpmit Fre quency . J._r*\ ) gy
Input o] ™ 100 0000MHz +0.00ns | -
P . Zero Skew > =
REFO Clock REF0 ) REFL J_-J“\ 20 ormal Operetion
10 Standard Difersnil | ifferertial | v | 4,  CC00MHz 000 |
‘ﬁ > baviviil v
] J_r\ 30| ool opertion ||
| Zero Skew |} 100.0000MHz +0.00ns | — E
PLL . ‘ﬁ_ avLvTIL v
|
e ) | o> © Wormal opsration |
e Tero Skew 54, 100.0000MHz +0.00ns |
PLL — ] VO Frey O ‘ﬁ_: vy
Multiplier — |Divicie-By-1 1]
»J.....r\ 50
Input Feedback Ll s 70 Skeve |} 100.0000MHz +0 Dns
.................................... i (Zeoshew  |wf
Selection —— Feedbsok from OF H >
............................. OFB Nermal Operation m
OMODE Setting |Tri-Stated vl = - - | I E [w
= 2]

EBlack Diagratn iRegmer Settings | DT Format || Inte Farmat | Motorola Formet | Schematic
| Ready
Output Frequency &

Output File Format
utput = Skew Amount
To View Configuration Bit Levels

Detail Registers View Message Field

Inthe Block Diagramtab, inputfrequency box s the only box that requires a user-entered value. Therestare pull-down menu, and based on user's selection
onthe pull-down menu, the software will update the results and bits automatically. Users can change inputreference clock /O standard, feedback divider values,
outputdividers and skew selections, output 1/O standards, Tri-level selection and feedback input selection. The software will calculate the VCO frequency,
the output frequencies and their corresponding skew values. Any changes inthe Block Diagram tab will change the configuration bits automatically, which
willalso be reflected inthe Register Settings tab. Forinstance, the software will automatically calculate the VCO frequency based on the input frequency value
and feedback divider value, and then updates the VCO tuning range setting bit in the Register Setting tab.
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Theregister settings can be changed tothe desired configuration using either the block diagram or the register settings tab. Note thatifusing the block diagram,
Bits 30, 31,57, 58, and 61 must be setin the register settings tab.

IDT Chip: 5TS530

Bitz= Description alue
[B1] Input Interface Sel. for REF_SEL, PDJ, PLL_EMYS, nsQOES. ™" == 2.5% LWTTL, "0" -= 1 8% LWTTL. Db (1.8% LWTTL) =1
[60] %'CO Freguency Range. When "0, range is 50 to 125MHz. When "1", range iz 100 to 250MHz. Ok (S0 to 125kHz) [
[S59] Output's Disable State. See external pin OMODE in Pin Description table. Ok (Tri-State) =1
[55] PosMegy Edge Control. Wehen 0"/, outputs are synchronized with negfpos edae of ref clock.  [Ob (Meg edge) =1
[57] PLL EnableiDisable. See external pin PLL_ENS in Pin Description table Ok (enable) =
[S6] COutput EnablerDisable for 1Q[1:0] outputs. See external pin 1=0E/ in Pin Description takble. Ok (Morimal Cperstion) T |
[55] COutput EnablerDisable for 202[1:0] outputs. See external pin 230E/ in Pin Description takble. Ok (Morimal Cperation) |
[54] Output EnableDisable for 30[1:0] outputs. See external pin 320ES in Pin Description table. Ok (Mormal Operation) = |
[S3] Qutput EnablenDisable for 4Q[1:0] outputs. See external pin 4=0E/ in Pin Description takble. Ok (Morimal Cperstion) T |
[52] Output EnablerDisable for SG[1:0] outputs. See external pin S=0E/S in Pin Description takble. Ok (Morimal Cperation) |
[51:48] FE Divide-by-M selection 0000 (Divide-By-1) |~ |
[47:46] Output drive strength selection for 2.5% LWTTL, 1.8% LWTTL, or HETL/2HSTL on bank 1 00k (2.5% LWTTL) =
[45:44] Output drive strength selection for 255 LVTTL, 1.8% LWVTTL, or HSTL/EHSTL on bank 2 D0k (2.5% LWTTL) =1
[43:42] Output drive strength selection for 2 5% LWTTL, 1.8% LWTTL, or HSTL/2HSTL on bank 3 00k (2 .5% LW TTL) =1
[41:40] Output drive strength selection for 2.5% LWTTL, 1.8% LWTTL, or HETL/eHSTL on bank 4 00k (2.5% LWTTL) [
[39:38] Output drive strength selection for 2.5 LVTTL, 1.8% LVTTL, or HETL/EHSTL on bank S 00k (2.5% LWTTL) =1
[37:36] FB output drive strength selection for 2.5% LWTTL, 1 8% LWTTL, or HSTL/2HSTL on FB bank 00k (2 .5% LW TTL) =1
[35:34] REFO Input interface selection for 2.5% LYTTL, 1.8% LVTTL, or Differential D0k (Dif ferential) [
[33:32] REF1 input interface selection for 2.5% LYTTL, 1.8% LVTTL, or Differentisl 00k (Ditferential) =1
[31:30] FB input interface selection for 2.5% LWTTL, 1.8% LVTTL, or Differential 00k (Dif ferential) =1
[29:25] Divide selection for bank 1 000006 (Zero Skew) T |
[24:20] Divide selection for bank 2 00000k (Zero Skew) | T |
[19:15] Divide selection for bank 3 00000k (Zero Skew] ™ |
[14:10] Divide selection for bank 4 000006 (Zero Skew) T |
[9:5] Divide selection for bank S 00000k (Zero Skew) | T |
[4:0] Divide selection for FB bank 00000k (Lo Skew) ™ |
I Elock Disagram  Register Settings I ID'T Format | Intel Format I tdotorola Format | Schematic I
Ready

The Programmable Clock Software currently supports three file formats; IDT Format, Intel Hex Format, and Motorola S-record Format. The IDT Format
isusedto program the device when using Timing Device Programming kit. The file also includes more detail info about the configuration bits, as well as the
time whenthe configuration file was created. Once the IDT Formatfile is saved, users can exportthe file into Intel Hex and Motorola S-record format. These
formats are used to programthe device through the JTAG interface. Mosthigh end automatic programming equipment caninputthese file formats and program
the device in arelatively straightforward manner.
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PROGRAMMING WITH TIMING DEVICE PROGRAMMING KIT
To program this device using the Timing Device Programmer, Programmable Clock software is needed, and must be set up correctly.
Setting COM Port

Oncethefeatures selections are done onthe Block Diagram and Register Settings tabs, users willneed to choose the appropriate COM port setting to program
the device. To setthe COM port, select Tools from the menu bar, and then select Set Port. Users can select the appropriate COM port setting.

Fle Edit | Tpe 2
& | IDT Chip: 579890
_ Frogea [P I

Input Frequency 10 INormaI Operation LI

\Zero Skeww - 100.0000MHz +0.00ns
100 | iz sy Lyl w

_—
REF0 £ Preferences X[5l Operation ¥

Differertial = Select the COM pott that connects to the development board.
= P E |

2l Operation b
LWTTL hd

" comt = lcone S —
ol Operstion | W
LTl -
Divide-By-1

ﬁ FI Al Cperstion 7
Feedback from QF R LwTTL hd

QFE INUrmaI Operstion | ¥
OMODE Setting |[Tri-Stated e _|Zarn Shew - I

100.0000MHz +0.00ns
*Mote: Bit 30, 31, 57, 58 and 61 must be set in Register Setting tab |2-5V L¥TTL ¥

Black Diagrarm | Register Seftings | IDT Formatl Irtel Format | Motorola Format | Schermatic

Reaily
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Setting Up Hardware Connections
Allhardware needsto be connected correctly, before programmingis started. The module connector mustbe inserted into the Timing Device Programmer,
andthe correctdevice insertedinto the socket.

Connect the RS-232 and power supply to the Timing Device Programmer.

To Power

RS-232 Cable
Connection

© 2019 Renesas Electronics Corporation
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Start Programming
Afterthe COM port setting selection and hardware setup, the device is ready to be programmed. Select Tools fromthe menu bar, andthen select Program

Chip.

The software will detectifthe correct module is plugged-in or not, and thenit will checkifthe device inside the socket matches the device ID fromthe configuration
file. After successfully passing all these internal checks, the device isready to be programmed.

File Edit | Tools Help

SabFertr | IDT Chip: 5T9890
Program Chip. .
—
Input Frequency Mormal Operation |

REF0

Dif ferential hd

OMODE Set|

*Mote: Bit 30, 31
Program Mow Ok | Cancel I

Block Diagrarn | Redister Settings | 1DT Fortat | Intel Format I Motorola Format | Schermatic

Ready

Click "Program Now"to program the device. Unlike other programmable devices, these devices use EEPROM technology to store the configuration, and
its EEPROM can be read/writtento more than 100 times.
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i Program Moy ¢ Cancel
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Error Messages

The Programmable Clock device register setting values are all presetto Ob as a default state. Since the internal EEPROM clock is based off the VCO of
the PLL, itisimportantto have the PLL enabled when using the software. Thatmeans Bit57 mustbe always setto Ob (PLL enabled). There willbe noharm
done to the device if Bit 57 is set to 1b, but it will not be properly programmed, which will be indicated by an error message as shown below.

Prograrm Moy | D | Cancel |

© 2019 Renesas Electronics Corporation
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Ifthe socket lid is not properly locked, the device s not properly inserted (see pin 1 onthe module PCB), oranincorrect clock device is used, thenthe software
will prompt an error message as shown below.

Prograrm Mow | ]38 | Cancel |

Programming Summary (Step-by-Step)
Below is the step-by-step procedure to program the device using the Programmable Clock software and Timing Device Programming kit.

Launchthe Programmable Clock Software application
Selectthe device to be programmed or configured
Selectallthe feature settings through Block Diagram tab and/or Register Settings tab
Savethe configuration
Connectthe Timing Device Programmer kit (see TDP Getting Started Guide)
Insertthe Device Module into the Timing Device Programmer kit
Insertthe correct device into the Device Module socket
Connect power supply and RS232 cable
From the software menu bar, select Tools -> Set Port to select the correct COM port setting
10 Select Tools -> Program Chip to program the device
(The software will detect the connection, module, and device to make sure the device and the module matches the configuration file)
11. Then click Program Now to program the device
12. To program through Automatic Programming Equipment or JTAG programming software, Intel Hex or Motorola S-record file format may be needed.
To export to these files,Go to File -> Export -> select Intel Hex or Motorola S-record

©ooNOO U~ WD
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Prototype Board Programming Using the Timing Device Programmer

The Timing Device Programmer can be used to program the user's prototype board on the fly for testing purposes. The user needs to bring the I°C pins
ofthe device toaheader, ortothe I2C connector listed below. Afterthe Device Programmer is setup according to the procedure inthe "Setting Up Hardware
Connection"section, the user can connectthe IDT I°C cable from the I?C external port on the Timing Device Programmer to the prototype board (see Timing
Device Programmer Overview diagram below). Since Programmable Clock software detects forthe module ID, itisimportant that the proper Socket Module
(without the device inside) should be plugged into the programmer, even when the programming is through an 12C cable.

The I2C cable comes with the Device Programmer. It can also be requested from IDT with the IDT part number below. The I°C connector used for I2C
interface is made by Samtec, the part number of which is also shown below. Fromthere, the user can use IDT software to directly control and program the
device on the prototype board.

Cable Part Number: 52-534-000

Connector Part Number: MEC1-105-02-S-D-LC (CONN,SM,2 x 5,Edge-Card Skt,1.0mm PT,STR)

Drawing: http://www.samtec.com/ftppub/cpdf/MEC1-1XX-XX-X-D-XX-XX-MKT.pdf

1 2 SDA
TDLSDA 2,3
KEY
5 6 scL
TCLK_SCL  2-4
7 8
9 10
J1

Connector Drawing

/— Power LED /'\
\ |
E)i(—.;rptal | R — 7/ [[ie Reset Button
|
": Reset LED
| - | Power Adapter
‘ Input
(€ DT Ready / Program ;
|| TIMING DEVICE PROGRAMMER | LED 3@ RS-232 Port
{
)i w

Timing Device Programmer Overview
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IN-SYSTEM PROGRAMMING

There are five pins (TRST/SEL, TDO/ADDR1, TDI/ADDRO, TCK/SCLK, - MuX
TDI/SDA) that have dual functionality, meaning thatthese pins can be used
forboth JTAG and I°C serial programming. The serial interface programming YT —
of choice will be determined by the TRST/SEL pin. Whenthe TRST/SEL pin
isHIGH, JTAG is enabled for serial programming. WhenLOW, I’Cisenabled ~ ™°
for serial programming while the JTAG boundary-scan circuitryisasynchro- ™™
nously reset. s TP

Note that all the JTAG and IC signal pins are only 2.5V tolerant. oLk e %

TRST
IN-SYSTEM PROGRAMMING USING JTAG ﬁm

The Programmable Clock devices can be programmed through JTAG C'%Sia?:[f& :
interface. The devices have five JTAG pins (TDI, TDO, TMS, TCLK and
TRST) to support the JTAG boundary scan and JTAG programming. The Instruction Register |

devices alsoincorporate the necessary tap controller and modified pad cells
tofacilitate the JTAG capability. Foracomplete descriptionrefertothe [EEE
Standard Test Access Port Specification (IEEE Std. 1149.1-1990). Boundary Scan Architecture

Control Signals

The Standard JTAG interface consists of four basic elements:

+ Test Access Port (TAP)
+ TAP controller
¢ Instruction Register (IR)

+ Data Register Port (DR) b oy
est-Logic
Reset

Test Access Port (TAP) l° 1
The Tap interface is a general-purpose port that provides access to the Run-Test | Select- ! Select-
devicesinternal. It consists of four input ports (TCLK, TMS, TDI, TRST) and e —:IDF“L:“, @
one output port (TDO). !

apture-DR Capture-IR
The Tap Controller ’7 e o 00
The Tap controlleris asynchronous finite state machine that responds to SWIDR
TMSand TCLK signalsto generate clock and control signals tothe Instruction -~ 1R -

;

and Data Registers for capture and update of data. T

Pause-IR

0

o
o

Pause-DR

I-H

Refertothe |IEEE Standard TestAccess Port Specification (IEEE Std.1149.1)

forthefull state diagram. All state transitions withinthe TAP controller occur at I o I _l
the rising edge of the TCLK pulse. The TMS signal level (0 or 1) determines Eeon Eaen
the state progression that occurs on each TCLK rising edge. The TAP iz "
controller takes precedence over the PLL and must be reset after power up

0

of the device. See TRST Pin description for more details on TAP controller o

reset.

[t

Test-Logic-Reset JTAG TAP Controller State Diagram

Alltestlogicis disabledinthis controller state enabling the normal operation
ofthe IC. The TAP controller state machineis designedinsuchawaythat,no ~ NOTES: _ _ ,

tterwhatthe initial state of the controlleris, the Test-Logic-Resetstatecan - v consective TCLK cycles with TMS = 1 will reset the TAP.
ma : ] ! ) 9 ] o 2. TAP controller must be reset before normal PLL operations can begin.
be entered by holding TMS at high and pulsing TCLK five times. Thisis the

reason why the Test Reset (TRST) pin is optional.

14
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Run-Test-Idle

Inthis controller state, the testlogicinthe ICis active only if certaininstructions
are present. Forexample, ifaninstruction activates the selftest, thenit will be
executed whenthe controller enters this state. The testlogicinthe deviceis
idle otherwise.

Select-IR-Scan
Thisisacontroller state where the decision to enter the Instruction Path is
made. The Controller can returnto the Test-Logic-Reset state otherwise.

Capture-IR

Inthis controller state, the shift register bankin the Instruction Register parallel
loads a pattern of fixed values on the rising edge of TCLK. The last two
significant bits mustbe "01".

Shift-IR

Inthis controller state, the instruction register gets connected between TDI
and TDO, and the captured pattern gets shifted on eachrising edge of TCLK.
The instruction available on the TDI pin is also shifted in to the instruction
register.

Exitl-IR
Thisisacontroller state where adecisionto enter either the Pause-IR state
or Update-IR state is made.

Pause-IR
This stateis provided in order to allow the shifting of instruction register to
be temporarily halted.

Update-IR

Inthis controller state, the instructioninthe instructionregisteris latched in
tothe latch bank of the Instruction Register on every falling edge of TCLK. This
instruction also becomesthe currentinstruction onceitislatched.

Capture-DR
In this controller state, the data is parallel loaded in to the data registers
selected by the currentinstruction on the rising edge of TCLK.

Shift-DR, Exit1-DR, Pause-DR, Exit2-DR and Update-DR
These controller states are similartothe Shift-IR, Exit1-IR, Pause-IR, Exit2-
IR and Update-IR statesinthe Instruction path.

Exit2-DR
Thisis acontroller state where adecision to enter either the Shift-IR state
or Update-IR state is made.

Select-DR-Scan
This is a controller state where the decision to enter the Data Path or the
Select-IR-Scan state ismade.
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INSTRUCTION REGISTER (IR)
The Instructionregister allows instruction to be serially inputinto the device when the TAP controllerisin the Shift-IR state. The instructionis decoded to
performthe following:

Selecttestdataregistersthatmay operate while the instructionis current. The othertest dataregisters should notinterfere with chip operationandthe selected
dataregister.

Define the serial test data register path that is used to shift data between TDl and TDO during data register scanning. The Instruction Register is a 4-bit
field (i.e.IR3,IR2,IR1, IR0) to decode 16 different possible instructions. Instructions are decoded in the following table:

JTAG INSTRUCTION REGISTER DECODING

IR(3) IR(2) IR(1) IR(0) Instruction Function
0 0 0 0 EXTEST Selectboundary scanregister
0 0 0 1 SAMPLE/PRELOAD Selectboundary scanregister
0 0 1 0 IDCODE Selectchipidentification dataregister
0 0 1 1 Reserved
0 1 0 0 PROGWRITE Writing to the volatile programming registers
0 1 0 1 PROGREAD Reading from the volatile programming registers
0 1 1 0 PROGSAVE Saving the contents of the volatile programming registers to the EEPROM
0 1 1 1 PROGRESTORE Loading the EEPROM contentsinto the volatile programming registers
1 0 0 0 CLAMP JTAG
1 0 0 1 HIGHZ JTAG
1 0 1 X BYPASS Selectbypassregister
1 1 X X BYPASS Selectbypassregister

The following sections provide a brief description of each instruction. Foracomplete description refer to the IEEE Standard Test Access Port Specification
(IEEE Std. 1149.1-1990).

EXTEST

Therequired EXTEST instruction places the ICinto an external boundary testmode and selects the boundary-scan register to be connected between TDI
and TDO. During thisinstruction, the boundary-scan registeris accessed to drive test data off-chip through the boundary outputs, and recieve test data off-
chipthroughthe boundary inputs. As such, the EXTEST instructionis the workhorse of IEEE. Std 1149.1, providing for probe-less testing of solder-jointopens/
shorts and of logic cluster function.

SAMPLE/PRELOAD

Therequired SAMPLE/PRELOAD instruction allows the IC to remain in anormal functional mode and selects the boundary-scan registerto be connected
between TDIand TDO. During this instruction, the boundary-scan register can be accessed via a data scan operation, to take a sample of the functional data
entering and leaving the IC.

IDCODE

The optional IDCODE instruction allows the IC to remain inits functional mode and selects the optional device identification register to be connected between
TDIand TDO. The device identification register is a 32-bit shift register containing information regarding the IC manufacturer, device type, and version code.
Accessing the device identification register does notinterfere with the operation of the IC. Also, access to the device identification register should be immediately
available, via a TAP data-scan operation, after power up or after the TAP has been reset using the optional TRST pin or by otherwise moving to the Test-
Logic-Resetstate.

PROGWRITE

The PROGWRITE instructionis forwriting the device configuration data to the device's volatile programming registers. Thisinstruction selects the programming
register path for shifting data from TDIto TDO during data register scanning. The programming register path has 112 registers (14 bytes) between TDI and
TDO. The 12 configuration data bytes are scanned in through TDIfirst, starting with Bit 0. After scanning in the last configuration bit, Bit 95, 16 additional bits
must be scanned into place the configuration data in the proper location. The last 16 registers in the programming path are reserved, read-only registers.
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PROGREAD

The PROGREAD instructionis for reading out the device configuration data
fromthe device's volatile programming registers. Thisinstruction selects the
programming register path for shifting data from TDIto TDO during data register
scanning. The programming register path has 112 registers between TDland
TDO, andthefirst bit scanned out through TDO will be Bit 0 of the configuration
data.

PROGSAVE and PROGRESTORE (EEPROM OPERATION)

The PROGSAVE nstructionisfor copying the device configuration datafrom
the device's volatile programming registers to the EEPROM. This instruction
selectsthe BYPASS register path for shifting data from TDIto TDO during data
register scanning.

The PROGRESTORE instructionis forloading the device configuration data
from the EEPROM to the device's volatile programming registers. This
instruction selectsthe BYPASS register path for shifting datafrom TDIto TDO
during data register scanning. During the execution of a PROGSAVE or
PROGRESTORE instruction, the device will not accept anew programming
instruction (read, write, save, or restore). Allnon-programming JTAG instruc-
tions will function properly, but the user should wait until the save or restore
iscomplete before issuing anew programming instruction. Thetime ittakes for
the save and restore instructions to complete depends on the PLL oscillator
frequency, FVCO. Therestoretime, TRESTORE, and the save time, TSAVE,
can be calculated as follows:

TRESTORE = 1.23 x 108/FVCO (mS)
TSAVE = 3.09 x 10¥FVCO + 52 (mS)

If a new programming instruction is issued before the save or restore
completes, the new instruction is ignored, and the BYPASS register path
remainsineffectfor shifting data from TDIto TDO during dataregister scanning.
Inorderforthe ProgSave and ProgRestore instructions to function properly,

the device must not be in power-down mode (PD mustbe HIGH), and the PLL
must be enabled (PLL_EN =LOW and Bit 57 = 0).

On power-up, an automatic restore is performed to load the EEPROM
contents into the internal programming registers. The autorestore will not
function properly if the device isin power-down mode (PD mustbe HIGH). The
device'sauto-restore feature will function regardless of the state ofthe PLL_EN
pinor Bit57. The time it takes for the device to complete the auto-restore is

approximately 3ms.

CLAMP

The optional CLAMP instruction loads the contents fromthe boundary-scan
register onto the outputs of the IC, and selects the one-hit bypass register to
be connected between TDI and TDO. During this instruction, data can be
shifted through the bypass register from TDI to TDO without affecting the
condition of the IC outputs.

HIGH-IMPEDANCE

The optional High-Impedance instruction sets all outputs (including two-
state aswell asthree-state types) of an IC to adisabled (high-impedance) state
and selects the one-hit bypass register to be connected between TDI and
TDO. Duringthisinstruction, data can be shifted through the bypass register
from TDI to TDO without affecting the condition of the IC outputs.

BYPASS

The required BYPASS instruction allows the IC to remain in a normal
functional mode and selects the one-bit bypass register to be connected
between TDI and TDO. The BYPASS instruction allows serial data to be
transferred through the IC from TDI to TDO without affecting the operation of
thelC.

DATA REGISTER (DR)

Thetest Data Register contains three test data registers: the Bypass, the
Boundary Scan register and Device ID register. These registers are
connected in parallel between acommon serialinput

and acommon serial data output. The following sections provide a brief
description of each element. Fora complete description, refer to the IEEE
Standard Test Access Port Specification

(IEEE Std. 1149.1-1990).

Test Bypass Register

Theregisteris used to allow test datato flow through the device from TDI
to TDO. Itcontains a single stage shiftregister for aminimum lengthin serial
path. Whenthe bypass register is selected by an instruction, the shift register
stageis settoalogic zeroontherising edge of TCLK whenthe TAP controller
isinthe Capture-DR state. The operation of the bypass register should not
have any effect on the operation of the device in response to the BYPASS
instruction.

Test Boundary Scan Register

The Boundary Scan Register allows serial data TDI be loadedinto orread
outofthe processorinput/output ports. The Boundary Scan Registeris a part
ofthe IEEE 1149.1-1990 Standard JTAG Implementation.

Device ID Register

The Device Identification Register is a Read Only 32-bit register used to
specify the manufacturer, part number and version of the processor to be
determined through the TAP in response to the IDCODE instruction. IDT
JEDEC ID number is 0xB3. This translates to 0x33 when the parity is

dropped inthe 11-bit Manufacturer ID field. Forthe IDT5T9890, the Part
Number field is 0x3A8.

Device Name JTAG Part Number
5T9890 0x3A8
5T9891 0x3A6
5T9820 0x3A9
5T9821 0x3A7
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JTAGDEVICE IDENTIFICATION
REGISTER

31(MSB) 28 27 12 11 1 0(LSB)
Version (4 hits) Partnumber Manufacturer|D 1
0X0 (16-bit) (11-bit)0X33

JTAG PROGRAMMINGNOTES

Once the device has been programmed either with a ProgWrite or
ProgRestoreinstruction, itwill attemptto achieve phase lock using the new PLL
configuration. The Programmable Clock Software can exportthe configuration
information into Intel Hex and Motorola S record files formats. Thesefiles can
be used directly with most of the JTAG programming or boundary scanning
software. Ifthere isavalif REF and FBinput clock connected to the device,
anditdoes notachieve lock, the user should issue a ProgRead instruction to
confirmthatthe PLL configuration datais valid.

On power-up and before the automatic ProgRestore instruction has
completed, the internal programming registers will contain the value of'0' for
allbits 95:0. The PLL willremain atthe minimum frequency and will notachieve
phase lock until after the automatic restore is completed. If the outputs are
enabled by the nSOE pins, the outputs will toggle at the minimum frequency.
Ifthe outputs are disabled by the nSOE pins, and the OMODE pinis set high,
the nQ[1:0] and QFB are stopped HIGH, while QFB is stopped LOW.

Please seethe device datasheet for detailed JTAG timing information.

tTcLK

t Mw t2
TCLK 4&‘ /ﬁ\%m i_/—

13

TDI/TMS

tos | toH

TDO TDO

100"
tbo

t5

NOTE:

t1 =trcLkLow

2 = tTCLKHIGH

t3 = tTCLKFALL

t4 = tTCLKRISE

t5 = trsT (reset pulse width)
t6 = trRsr (reset recovery)

IN-SYSTEM PROGRAMMING USING I2C

The Programmable Clock devices support I?C interface and meet Philips
[2C bus specifications. The I2C busis controlled by an external master device
thatgeneratesthe serial clock SCLK and commands through SDA. Both master
and slave can operate as a transmitter and receiver but the master device
determineswhich modeis activated.

BUS CONDITIONS

Datatransfer onthe bus canonly be initiated when the busis notbusy. During
datatransfer, the dataline (SDA) mustremain stable whenever the clock line
(SCLK) is high. Changes in the data line while the clock line is high will be
interpreted by the device asa START or STOP condition. The following bus
operating conditions are defined by the I2C bus protocol and are illustrated in
figure 1.

| tHD:sTART

| sTOP

; ] s
ISTART| valid i change

SCLK

tHoaTAl HDDATA

tSUSTART [+ |+
SDAIN

tovp |~—] tovp

SDA OUT

Figure 1: I°C Timing Data

NOT BUSY condition
Boththe data (SDA) and clock (SCLK) lines remain hightoindicate the bus
is not busy.

START Data Transfer condition

Ahightolowtransition of the SDAline while the SCLK inputis highindicates
aSTART condition. Allcommands tothe device mustbe preceded bya START
condition.

STOP Data Transfer condition

Alowtohightransition ofthe SDA line while SCLK is held highindicates a
STOP condition. All commands to the device must be followed by a STOP
condition.
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DATA VALID condition

The state ofthe SDA line represents valid data ifthe SDA line is stable for
the duration ofthe high period of the SCLK line aftera START condition occurs.
The data on the SDA line must be hanged only during the low period of the
SCLK signal. Thereis one clock pulse per data bit. Each datatransferisinitiated
by a START condition and terminated with a STOP condition.

ACKNOWLEDGE condition

When addressed, the receiving device is required to generate an AC-
KNOWLEDGE after each byte isreceived. The master device mustgenerate
anextraclock pulse to coincide with the Acknowledge bit. The acknowledging
device must pull the SDA line low during the high period of the master
acknowledge clock pulse. Setup and hold times must be takeninto account.

12C BUS OPERATION

The Programmable Clock devices support Standard-Mode (100kHz) and
Fast-Mode (400kHz) data transfer rates for I?C interface. Data is transferred
inbytesinsequential order fromthe lowest to highest byte. After generating
aSTART condition, the bus master broadcasts a 7-bit slave address followed
by a read/ write hit. Each byte is followed by ACKNOWLEDGE from the
receiving device. After ACKNOWLEDGE condition, the master device sends
the command to determine the I2C operation.

AOQisthe read/write bitandis setto '0' forwrites and '1' for reads. Toavoid
addressing conflict when multiple Programmable Clock devices are on the
same IC bus, they provide two tri-level pins (ADDRO and ADDR1 pins) to
define the values of A1, A2 and A3 bits. Users can use these two pins to set
differentaddressesonthe bus.

I12C ADDRESS
A7 Ab A5 Ad A3 A2 Al
1 1 0 1 X X X
ADDR1 ADDRO A3 A2 Al
LOW LOW 0 0 0
LOW MID 0 0 1
LOW HIGH 0 1 0
MID LOW 0 1 1
MID MID 1 0 0
MID HIGH 1 0 1
HIGH LOW 1 1 0
HIGH MID 1 1 1
HIGH HIGH 1 1 0

READ Operation (ProgRead command)

Toread the PLL and device register bits values, ProgRead command is
issued. The READ operation (or ProgRead command) is determined by
setting read/write bit (AO)to'1'. During the read operation, there willbe a total
of 14 data bytesreturned afteran ACKNOWLEDGE from the Programmable
Clock devices. The I°C master device mustissue ACKNOWLEDGE upon
every bytereceived. Thefirsttwo data bytes are the device ID byte followed
by Reserved byte. The subsequent bytes are the same 12 data bytes (PLL
registers values) that were written during the write operation. The READ
operation can be terminated at any time by issuing a STOP condition.

12C Device ID Byte

Device D7 ID6 ID5 D4 ID3 ID2 ID1 | IDO
579890 0 0 0 0 0 1 1 0
579891 0 0 0 0 0 1 1 1
579820 0 0 0 0 0 1 0 0
579821 0 0 0 0 0 1 0 1

Device Address m ID Byte

ProgRead | S | 7'b1101xxx \ | 1 |}A 8'b00000100 Al

N Reserved Byte Al.

Data Byte 1 (Bits 95-88) |A | .

Data Byte 2 Al.

Data Byte 3 Al.

Data Byte 4 Al.

Data Byte 5 Al.

|:| From Programmable Clock Devices Data Byte 6 Al
Data Byte 7 Al

|:| From 12C Master Device Data Byte 8 Al.
Data Byte 9 Al.

Data Byte 10 Al.

Data Byte 11 Al...
Data Byte 12 (Bits 7-0) |A| P

WRITE Operation (ProgWrite command)

Towritetothe PLL and device registers, ProgWrite command isissued. The
WRITE operation (or ProgWrite command) isinitiated by setting read/write bit
(A0)to'0'. During the write operation, the I2C master device issues START
conditionand DATAVALID condition, followed by the device address, followed
by ProgWrite command code (8'bxxxxxx00). The twelve Data Bytes are
transferred after that, followed by STOP condition to complete the WRITE
operation. If there is any interruption on the bus or STOP condition issued
during the data bytes transfer, the internal programming registers will remain
unchanged to prevent an invalid PLL configuration. An ACKNOWLEDGE
conditionfromthe Programmable Clock device mustbe issued upon receiving
eachbyte. Once the STOP condition has occurred and all twelve data bytes
arereceived, the internal programming registers will be updated.
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Command Code Data

Data Byte 1 (Bits 95 - 88)
L Data Byte 2

g Data Byte 3

Data Byte 4

Device Address m
7'b1101xxx u 0 UA| 8'bxxxxxx00 A

ProgWrite | S |
M
S

wonr

M
S
B

A

A

A

A

Data Byte 5 A

Data Byte 6 A
Data Byte 7 Al...

A

A

A

A

A

Data Byte 8
Data Byte 9
Data Byte 10
Data Byte 11
Data Byte 12 (Bits 7 - 0)

EEPROM WRITE Operation (ProgSave command)

Thesdevices canalsosave the contents of the device configurationregisters
in internal EEPROM by issuing the ProgSave command. To initiate the
ProgSave command, the I°C master device issues START and DATAVALID
conditions, followed by device address and WRITE commands, and then
followed by ProgSave command code (8'bxxxxxx01).

Device Address W
7b110ox [ 0 [A]

Command Code

ProgSave | S | 8'bxxxxxx01 | A | P|

The EEPROMWRITE time depends onthe PLL VCOfrequency, anditcan
be calculated asfollows:

TSAVE = 3.09 x 10¢/FVCO + 52 (mS)

EEPROM READ Operation (ProgRestore command)

Users can read the configuration register values inside the EEPROM by
issuing ProgRestore commands, followed by READ operations. ProgRestore
will restore the configuration valuesinside the EEPROM into device configu-
ration registers, and READ operation (or ProgRead) will retreat the values of
configuration registersto the I2C master device. Toinitiate ProgRestore, the
master mustissue START and DATAVALID conditions, followed by the device
address and WRITE bit (AOto be '0"), and then the ProgRestore command.

Device Address W

7p1101xxx [ 0 [A]

Command Code

ProgRestore | S | 8'bxxxxxx10

[A]P]

The EEPROM READ operation (ProgRestore) time depends on the PLL
VCO frequency, and it can be calculated as follows:

TRESTORE = 1.23 x 10¢/FVCO (mS)

[°C PROGRAMMING NOTES

The device mustnot be in power-down mode (PD mustbe HIGH), and the
PLL mustbe enabled (PLL_EN mustbe LOW and Bit57 =0)forany EEPROM
operation. During the power-uptime, an automatic restore is performed to load
the EEPROM contents into the internal programming registers. The auto-

restore process takes approximately 3ms.

Once the device has been programmed either with a ProgWrite or
ProgRestore instruction, the device will attemptto achieve phase lock using the
new PLL configuration. Ifthere isa valid REF and FB input clock connected
tothe device and it does notachieve lock, the user should issue a ProgRead
instructionto confirmthatthe PLL configuration datais valid. On power-upand
before the automatic ProgRestore instruction has completed, the internal
programming registers will contain the value of '0' for all bits 95:0. The PLL
willremain at the minimum frequency and will notachieve phase lock until after
the automatic restoreis completed. Ifthe outputs are enabled by the nSOE pins,
the outputs will toggle atthe minimum frequency. Ifthe outputs are disabled by
the nSOE pins and the OMODE pin is set HIGH, the nQ[1:0] and QFB are
stopped HIGH, while QF B is stopped LOW.

Please see the device datasheet for detailed I>C timing information.
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DEVICE FEATURES PROGRAMMING JTAG/I2C PIN CONFIGURATION

EXAMPLES TRST/SEL is set HIGH for JTAG programming
Parameter Value Description
APPLICATION REQUIREMENTS: TRST/SEL Set HIGH for JTAG | JTAGisenabled for programming
) TDI/SDA JTAG JTAG serial datainput
* Zero delay buffer device _ TCLK/SCLK JTAG JTAG clock for BST
+ Two reference !nputs -oneis _2.5V LVTTL and another one is TMS/ADDRO TTAG TTAG controlsignal
LVPECL; both input frequencies are S0MHz . TDO/ADDR1 JTAG JTAG serial dataoutput
¢ Three outputs: 200MHz, 100MHz, and 50MHz with swek
« JTAG programming
CONFIGURING THE PINS AND REGISTERS
The following section describes how to configure the device to meet the
applicationrequirements.
MISC. EXTERNAL PIN CONFIGURATION
Powerdown (PD) pin is set HIGH for normal operation
Parameter Value Description
Powerdown (PD) set HIGH for Normal Operation Deviceisfully operational
Reference Select(REF_SEL) set HIGH for REF1 Selects REF1 clock at 50MHz
PLL Enable/Disable (PLL_EN) See PLL Pin/Bit Configurationtable
Output Disable State (OMODE) See Output Pin/Bit Configurationtable
Output Enable/Disable (nsOE) See OutputPin/Bit Configurationtable
INPUT BIT CONFIGURATION
Parameter Bits Register Setting Value Description
Reserved 95:62 Ob NA Bits are all setto Ob
Control Pins Interface 61 1b 2.5VLVTTL Accept2.5VLVTTLsignals
Input REFO 35:34 01b 1.8VLVTTL I/0is 2.5V LVTTL
/O Interface REF1 3332 00b Differential I/0 is LVPECL
FBin 31:30 00b Differential I/0is HSTL
PLLPIN/BIT CONFIGURATION
Parameter Bits Register Setting Value Description
PLL Internal 57 0 Enable PLL enabled. Bit57 and PLL_EN must be Ob and
Enable/Disable External Pin, PLL_EN NA NA setLOWforEnable | LOW, respectively, toenable.
PLL Positive/NegativeEdge Control 58 1h Positive Edge PLL is synched to positive edge of reference clock
FB Divider 5148 0011b 4 Reference clock frequencyis multiplied by 4
VCO frequency range 60 1h 100MH-250MHz VCO frequency is at 200MHz (tu = 312.5ps)
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OUTPUT PIN/BIT CONFIGURATION

Bank 3,4 and 5 are used to generate the required output frequencies

Parameter Bits Register Setting Value Description
OutputDisable Internal 59 Ob Tri-State Output will tri-state when disabled. Bit59 and
State External Pin, OMODE NA NA setLOWforTri-State | OMODE must be Ob and LOW, respectively, for tri-
state.
Skew and Divide Selection 29:25 00001b +7tu 200MHz with +7tu
I/Qinterface 47:46 10b eHSTL I/0 is eHSTL, Vbopgl = 1.8V
Bank 1 Enable/Disable | Internal 56 Ob Enable Output enabled. Bit56 and TsOE must be Ob and
ExternalPin, NA NA SetLOWforEnable | LOW,respectively,toenable output
1sOE
Skew and Divide Selection 24:20 10000b Invert Inverted 200MHz
I/Qinterface 45:44 00b 2.5VLVTTL /O is 2.5V LVTTL, Vbog2 = 2.5V
Bank 2 Enable/Disable | Internal 55 1b Disable Output disabled. Bit55 or 2sOE must be 1b or
External Pin, NA NA SetLOWforEnable | HIGH, respectively, to disable output
2sOE
Skew and Divide Selection 19:15 10001b Divide-by-2 100MHz output
I/Ointerface 4342 01b 1.8VLVTTL I/0is 1.8V LVTT, VopQ3 = 1.8V
Bank 3 Enable/Disable | Internal 5 Ob Enable Output enabled. Bit 54 and 3sOE must be Ob and
External Pin, NA NA SetLOWforEnable | LOW,respectively, toenable output
3sOE
Skew and Divide Selection 14:10 01011b 3u 200MHz with -3tu
I/Qinterface 41:40 01b 1.8VLVTTL 1/0is 1.8V LVTTL, Vopo4 = 1.8V
Bank 4 Enable/Disable | Internal 56 Ob Enable Output enabled. Bit53 and 4sOE must be Oband
ExternalPin, NA NA SetLOWforEnable | LOW,respectively,toenable output
4sOE
Skew and Divide Selection 95 10010b Divide-by-4 50MHz output
I/Qinterface 39:38 00b 2.5VLVTTL /O is 2.5V LVTTL, Vbog5 = 2.5V
Bank 5 Enable/Disable | Internal 55 1h Disable Output disabled. Bit 52 or 5sOE must be 1b or
External Pin, NA NA SetLOWforEnable | HIGH, respectively, to disable output
5sOE
Bank Skew and Divide Selection 4.0 0000b Zeroskew 200MHz feedback
FBOUT I/Qinterface 37:36 10b HSTL I/0 is HSTL, Vobgrs = 1.5V
Enable/Disable NA NA N/A Cannotdisable thisbank
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Belowis the table for skew or frequency selection, using JTAG/I?C interface for reference.

SKEWORFREQUENCY SELECTION
Bit 4,9, 14, Bit 3, 8, 13, Bit2,7,12, Bit1,6, 11, Bit 0, 5, 10,
19,24, 29 18,23, 28 17,22, 27 16, 21, 26 15, 20, 25 Output Skew
0 0 1 +7tu
+6tu
+5tU
+4tu
+3tu
+2tu
+1tu

Zero Skew

1tu
21U
-3u
4t

Stu
-6tu
-Ttu
Inverted
Divide-by-2
Divide-by-4

Rl |lkr|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o
olo|lo|lr |||kl |r|r|lo|lo|lo|lo|lo|lo|lo|o
olo|lo|lr |||k |lo|lo|lo|lo|r |||, |lo|lo|o
—lo|lo|lr |~ |lo|lo|lr |~ |lo|lo|lr |~ |lo|lo]|r |-
ol |lo|lr|lo|lr|lo|lr|lo|lr|lolr|lo|lr|lol~|o
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USING PROGRAMMABLE I/O FEATURE

Asmentioned earlier, all four devices canaccept single-ended 3.3V, 2.5V,
and 1.8V LVTTL and differential signals suchas 1.8V/1.5VHSTL, LVPECL,
3.3V/2.5V/1.8V SSTL, and LVDS on the reference clock inputs. On the
outputs, all four devices support 2.5 LVTTL, 1.8V LVTTL, 1.8V HSTL, and
1.5V HSTL. The Input/Output Selection table describes an example of the
various combinations for each output bank.

INPUT/OUTPUT SELECTION®

Input Output®

25VLVTTLSE
1.8VLVTTLSE
2.5VLVTTLDSE
1.8VLVTTLDSE
LVEPECL DSE
eHSTL DSE
HSTL DSE
2.5VLVTTLDIF
1.8VLVTTLDIF
LVEPECL DIF
eHSTL DIF
HSTL DIF

2.5VLVTTL,

1.8VLVTTL,
HSTL,
eHSTL

There are nointernal terminations on the clocks inputs, highimpedance.
When interfacing with LVPECL, it is recommend to use AC coupling and a
thevenin equivalenttermination of 50€2to Vop-2.0V. AVop of 3.3V will yield
about 1.3V bias voltage to the input buffer which would be acceptable forthese
devices.

ForLVDS, DC coupling would be the best option since its common mode
voltageis 1.2V whichwould be acceptable for the input buffer. SSTL I/Oswould
require areference voltage of Vopq/2 on the complementary input. HSTL I/
Os, ifused as single-ended, would also require a reference of Vopg/2 on the
complementaryinput.

Allfour outputl/Ointerfaces are terminated with a 50€2 to Vopo/2 for device
characterization but only HSTL would require this type of termination in an
applicationsinceitis standard for HSTL Type-I, according to JESD8-06. Refer
to AN-230 for more details on I/O standards.

Voo and Vss Connections

Each output bank has its own dedicated Vbbq and can be set to the
appropriate level depending on the 1/O desired. Proper decoupling is
recommend; a0.1uF cap for each Vooqwould be sufficient. Voo is the power
supplytoall other internal circuitry such asthe PLL and input buffers. Afilter
isrecommended toisolate the Voo and attenuate any noise from the power
plane. All decoupling caps should be placed to the power pins as close as
possible. Whenusing 2.5V LVTTL outputs, the Vopq can be connectedto Vob.
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