LENESANS EEPROM PROGRAMMABLE 2.5V IDT5T9891
PROGRAMMABLE SKEW PLL
DIFFERENTIAL CLOCK DRIVER

FEATURES: DESCRIPTION:

+ 2.5VoD TheIDT5T9891isa 2.5V PLL differential clock driver intended for high

* 6 pairs of programmable skew outputs

+ Low skew: 100ps all outputs at same interface level, 250ps all
outputs at different interface levels

+ Selectable positive or negative edge synchronization

+ Tolerant of spread spectrum input clock

+ Synchronous output enable

+ Selectable inputs

* Input frequency: 4.17MHz to 250MHz

 Output frequency: 12.5MHz to 250MHz

+ Internal non-volatile EEPROM

+ JTAG or I2C bus serial interface for programming

+ Hot insertable and over-voltage tolerant inputs

+ Feedback divide selection with multiply ratios of (1-6, 8, 10, 12)

+ Selectable HSTL, eHSTL, 1.8V/2.5V LVTTL, or LVEPECL input
interface

+ Selectable HSTL, eHSTL, or 1.8V/2.5V LVTTL output interface for
each output bank

+ Selectable differential or single-ended inputs and six differen-
tial outputs

* PLL bypass for DC testing

+ External differential feedback, internal loop filter

+ Low Jitter: <75ps cycle-to-cycle, all outputs at same interface
level: <100ps cycle-to-cycle all outputs at different interface
levels

+ Power-down mode

+ Lock indicator

+ Available in VFQFPN package

performance computing and data-communications applications. A key
feature of the programmable skew is the ability of outputs to lead or lag the
REFinputsignal. The IDT5T9891 has six differential programmable skew
outputsinsix banks, including a dedicated differential feedback through the
use of JTAG or I2C programming. The redundant input capability allows
fora smooth change overto a secondary clock source when the primary
clock sourceis absent.

The clock driver can be configured through the use of JTAG/I2C program-
ming. An internal EEPROM will allow the user to save and restore the
configuration of the device.

The feedback bank allows divide-by-functionality from 1to 12 through
the use of JTAG or I2C programming. This provides the userwith frequency
multiplication 1 to 12 without using divided outputs for feedback. Each output
bank also allows for a divide-by functionality of 2 or 4.

The IDT5T9891 features a user-selectable, single-ended or differential
input to six differential outputs. The differential clock driver also acts as a
translator from a differential HSTL, eHSTL, 1.8V/2.5V LVTTL, LVEPECL, or
single-ended 1.8V/2.5VLVTTLinputto HSTL,eHSTL, or 1.8V/2.5VLVTTL
outputs. Eachoutput bank can be individually configured to be either HSTL,
eHSTL, 2.5VLVTTL,or1.8VLVTTL,including the feedback bank. Also, each
clockinputcan be individually configuredtoaccept2.5VLVTTL, 1.8VLVTTL,
ordifferential signals. The outputs canbe synchronously enabled/disabled.The
differential outputs can be synchronously enabled/disabled.

Furthermore, all the outputs can be synchronized with the positive edge
of the REF clock input or the negative edge of REF.

TheIDTlogois aregistered trademark of Integrated Device Technology, Inc.
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FUNCTIONAL BLOCK DIAGRAM
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PIN CONFIGURATION
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ABSOLUTE MAXIMUM RATINGS®

INDUSTRIAL TEMPERATURERANGE

CAPACITANCE(a=+25°C,f= 1MHz, Vin=0V)

Symbol Description Max Unit Parameter | Description Min. Typ. | Max. | Unit
VDDQN, VDD| Power Supply Voltage®@ -0.5t0+3.6 \Y CIN Input Capacitance 25 3 35 pF
Vi Input Voltage —0.5t0 +3.6 v Cout OutputCapacitance — 6.3 7 pF
Vo Output Voltage -05t0VopQ+05| V NOTE:
VREF Reference Voltage® -0.5t0 +3.6 Vv 1. Capacitance applies to all inputs except JTAG/I?C signals, SEL, ADDRO, and ADDRL.
T Junction Temperature 150 °C
TstG Storage Temperature -65 to +165 °C

NOTES:

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause
permanent damage to the device. This is a stress rating only and functional operation
of the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

2. Vopon and Voo internally operate independently. No power sequencing requirements
need to be met.

3. Not to exceed 3.6V.

RECOMMENDED OPERATING RANGE

Symbol Description Min. Typ. Max. Unit
TA Ambient Operating Temperature -40 +25 +85 °C
Vop® Internal Power Supply Voltage 2.3 25 2.7 v
HSTL Output Power Supply Voltage 14 15 1.6 V
VDY Extended HSTL and 1.8V LVTTL Output Power Supply Voltage 1.65 18 1.95 %
2.5V LVTTL Output Power Supply Voltage VoD vV
VT Termination Voltage VDDQN/ 2 Vv
NOTE:

1. All power supplies should operate in tandem. If Vop or Vobon is at maximum, then Vobgn or Vob (respectively) should be at maximum, and vice-versa.

PIN DESCRIPTION
Symbol | 1/0 Type Description
REF[1.0] | | Adjustable® | Clockinput. REF[1:0]is the "true” side of the differential clock input. If operating in single-ended mode, REF[1:0]is the clock input.
REF[L.0)/ | | Adjustable® | Complementary clockinput. REF[1.0/VRer[1.0]is the "complementary” side of REF[L:0] iftheinputisin |differential mode. Ifoperating
VREF[L:0] insingle-ended mode, REF[1.0/Vrer[L:0]is left floating. For single-ended operationin differential mode, REF[1:0}/Vrer[1.0should be set
tothe desiredtoggle voltage for REF[1:0]:
2.5VLVTTL VRer=1250mV (SSTL2 compatible)
1.8VLVTTL,eHSTL VReF = 900mV
HSTL VRerF = 750mV
LVEPECL VRer = 1082mV
FB | | Adjustable® | Clockinput. FBisthe"true"side ofthe differential feedback clockinput. If operatinginsingle-ended mode, FB is the feedback clockinput.
FBIVrer2 I | Adjustable® Complementary feedback clockinput. FB/Vrerzisthe "complementary" side of FB iftheinputisindifferentialmode. Ifoperatinginsingle-
ended mode, FB/Vrer2isleftfloating. For single-ended operationin differentialmode, FB/Vrer2should be settothe desired toggle voltage
for FB:
2.5VLVTTL VRer=1250mV (SSTL2 compatible)
1.8VLVTTL, eHSTL VReF = 900mV
HSTL VRerF = 750mV
LVEPECL VRerF = 1082mV
NOTE:

1. Inputs are capable of translating the following interface standards. User can select between:
Single-ended 2.5V LVTTL levels
Single-ended 1.8V LVTTL levels

or

Differential 2.5V/1.8V LVTTL levels
Differential HSTL and eHSTL levels
Differential LVEPECL levels
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PINDESCRIPTION, CONTINUED

Symbol 1/10 Type Description
REF_SEL I LVTTL® [ Reference clock select. When LOW, selects REFo and REFo/Vrero. When HIGH, selects REF1 and REF1/VRer1.
nsOE I LVTTL® [ Synchronous outputenable/disable. Eachoutputs's enable/disable state can be controlled either with the nsOE pin or through JTAG
or 12C programming, corresponding bits 52 - 56. When the nsOE is HIGH or the corresponding Bit (52 - 56) is 1, the output will be
synchronously disabled. Whenthe nsOE is LOW and the corresponding Bit (52 - 56) is 0, the output will be enabled. (See JTAG/I’C
Serial Configurationtable.)
QFB O | Adjustable® | Feedbackclockoutput
QFB O | Adjustable® | Complementaryfeedback clock output
nQ O | Adjustable® | Clockoutputs
nQ O | Adjustable® | Complementary clockoutputs
PLL_EN I LVTTL® | PLL enable/disable control. The PLL's enable/disable state can be controlled either with the PLL_EN pin or through JTAG or I2C
programming, corresponding Bit57. When PLL_ENis HIGH or the corresponding Bit57is 1, the PLL is disabled and REF(1:0]goes
to all outputs. When PLL_EN is LOW and the corresponding Bit 57 is 0, the PLL will be active.
PD LVTTL® | Power down control. When PD is LOW, the inputs are disabled and internal switching is stopped. The OMODE pin in conjunction
with the corresponding Bit 59 selects whether the outputs are gated LOW/HIGH or tri-stated. When OMODE is HIGH or Bit59is 1,
Bit 58 determines the level at which the outputs stop. When Bit 58 is 0/1, the nQ and QFB are stopped in a HIGH/LOW state, while
the nQ and QFB are stopped ina LOW/HIGH state. When OMODE is LOW and Bit59is 0, the outputs are tri-stated. SetPD HIGH
fornormal operation. (See JTAG/I?C Serial Configurationtable.)
LOCK 0 LVTTL PLL lockindication signal. HIGH indicates lock. LOW indicates that the PLL is notlocked and outputs may not be synchronized to
the inputs. The outputwillbe 2.5V LVTTL. (For more information on application specific use of the LOCK pin, please see AN237.)
OMODE LVTTL® | Outputdisable control. Usedin conjunction withnsOE and PD. The outputs' disable state can be controlled either with the OMODE
pinorthrough JTAG or I2C programming, corresponding Bit 59. When OMODE is HIGH or the corresponding Bit 59iis 1, the outputs'
disable state will be gated and Bit 58 will determine the level atwhich the outputs stop. When Bit58is 0/1, the nQ and QFB are stopped
ina HIGH/LOW state, while the nQ and QF B are stopped in a LOW/HIGH state. When OMODE is LOW and its corresponding bit
59is0, the outputs disable state will be the tri-state. (See JTAG/I2C Serial Configurations tables.)
TRST/SEL | 1/l LVTTU TRST- Active LOW input to asynchronously reset the JTAG boundary-scan circuit.
LVTTL@® [ SEL-Selectprogramminginterface controlfor the dual-function pins. When HIGH, the dual-function pins are setfor JTAG programming.
When LOW, the dual-function pins are set for I2C programming and the JTAG interface is asynchronously placedin the Test Logic Reset
3-LeVE|(3'4'5) state.
TDO/ADDR1| Ol LVTTY TDO - Serial data output pinfor instructions as well as testand programming data. Datais shifted in onthe falling edge of TCLK. The
pinistri-stated if data is not being shifted out of the device.
3-Level349) | ADDR1-Used to define aunique 12C address for this device. Onlyfor I12C programming. (See JTAG/I?C Serial Interface Description.)
TMS/ADDRO| 1/l LVTTY TMS-Input pinthat provides the control signal to determine the transitions of the JTAG TAP controller state machine. Transitions within
the state machine occur atthe rising edge of TCLK. Therefore, TMS must be setup before the rising edge of TCLK. TMSis evaluated
ontherising edge of TCLK.
LVTTL® | ADDRO-Usedto define aunique I2C address forthis device. Onlyfor [2C programming. (See JTAG/I2C Serial Interface Description.)
TCLK/SCLK]| 1/l LVTTY TCLK - The clock input to the JTAG BST circuitry.
LVITL®9 [ ScLK - Serial clock for I2C programming
TDI/SDA I LVTTY TDI - Serial input pin for instructions as well as test and programming data. Datais shifted in on the rising edge of TCLK.
SDA - Serial data (see JTAG/I?C Serial Description table)
\/DDQN PWR Power supply for each pair of outputs. Whenusing 2.5V LVTTL, 1.8V LVTTL, HSTL, or eHSTL outputs, VDDQN should be setto its
corresponding outputs (see Front Block Diagram). Whenusing 2.5V LVTTL outputs, VbboN should be connected to Vop.
VoD PWR Power supply for phase locked loop, lock output, inputs, and other internal circuitry
GND PWR Ground
NOTES:

1. Pins listed as LVTTL inputs can be configured to accept 1.8V or 2.5V signals through the use of the I1°C/JTAG programming, bit 61. (See JTAG/I’C Serial Description.)

2. Outputs are user selectable to drive 2.5V, 1.8V LVTTL, eHSTL, or HSTL interface levels when used with the appropriate Vopon voltage.

3. 3-level inputs are static inputs and must be tied to Voo or GND or left floating. These inputs are not hot-insertable or over voltage tolerant.

4. The JTAG (TDO, TMS, TCLK, and TDI) and I2C (ADDR1, ADDRO, SCLK, and SDA) signals share the same pins (dual-function pins) for which the TRST/SEL pin will select between
the two programming interfaces.

5. JTAG and I°C pins accept 2.5V signals. The JTAG input pins (TMS, TCLK, TDI, TRST) will also accept 1.8V signals.

© 2019 Renesas Electronics Corporation
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JTAG/ I1°C SERIAL DESCRIPTION
Bit Description
95:62 | Reserved Bits. Set bits 95:621t0'0'".

61 | Inputinterface selection for control pins (REF_SEL, PD, PLL_EN, OMODE, nSOE). When hit 61 is ‘', the control pins are 2.5V LVTTL. When bit61 s ‘0’,
the control pinsare 1.8V LVTTL.

60 | VCO frequency range. When ‘0’, range is 50MHz-125MHz. When ‘1’, range is 100MHz-250MHz.

59 | Output'sdisable state. See corresponding external pin OMODE for Pin Description table.

58 | Positive/Negative edge control. When‘0'/'1’, the outputs are synchronized with the negative/positive edge of the reference clock.
57 | PLL enable/disable. See corresponding external pin PLL_EN in Pin Description table.(®

5 | Outputdisable/enable for 1Q[1:0] outputs. See corresponding external pin TSOE in Pin Descriptiontable.

5 | Outputdisable/enable for2Q[1:0] outputs. See corresponding external pin 2SOE in Pin Descriptiontable.

54 | Outputdisable/enable for3Q[1:0] outputs. See corresponding external pin 3SOE in Pin Descriptiontable.
53

52

Outputdisable/enable for 4Q[1:0] outputs. See corresponding external pin 4SOE in Pin Descriptiontable.
Outputdisable/enable for 5Q[1:0] outputs. See corresponding external pin 5SOE in Pin Description table.
51 | FBDivide-by-N selection

50 | FBDivide-by-N selection

49 | FBDivide-by-N selection

48 | FBDivide-by-N selection

47 | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, orHSTL/eHSTL on bank 1

46 | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, orHSTL/eHSTL on bank 1

45 | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on bank 2

44 | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on bank 2
43

2

Output drive strength selection for 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on bank 3
Output drive strength selection for 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on bank 3

41 | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, orHSTL/eHSTL on bank 4

40 | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, orHSTL/eHSTL on bank 4

39 | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on bank 5

3B | Outputdrive strength selectionfor 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on bank 5

37 | FBoutputdrive strength selection for 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on FB bank
3% | FBoutputdrive strength selection for 2.5V LVTTL, 1.8V LVTTL, or HSTL/eHSTL on FB bank
3% | REFOInputinterfaceselectionfor2.5VLVTTL,1.8VLVTTL, or Differential

3 | REFOInputinterfaceselectionfor2.5VLVTTL,1.8VLVTTL, or Differential
K<

K7

REF1inputinterface selectionfor2.5VLVTTL, 1.8V LVTTL, or Differential
REF1inputinterface selectionfor2.5VLVTTL, 1.8V LVTTL, or Differential
3l | FBinputinterface selectionfor2.5VLVTTL, 1.8V LVTTL,or Differential

0 | FBinputinterface selectionfor2.5VLVTTL, 1.8V LVTTL, or Differential

29 | Skew orfrequency selection for bank 1

28 | Skew orfrequency selection for bank 1

27 | Skew orfrequency selection for bank 1

26 | Skew orfrequency selection for bank 1

25 | Skew orfrequency selection for bank 1

24 | Skew orfrequency selection for bank 2

23 | Skew orfrequency selection for bank 2

22 | Skew orfrequency selection for bank 2

NOTE:
1. Only for EEPROM operation; hit 57 must be set to 0 to enable the PLL for proper EEPROM operation. The EEPROM access times are based on the VCO frequency of the PLL
(refer to the EEPROM Operation section).
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JTAG/ I1°C SERIAL DESCRIPTION, CONT.

INDUSTRIAL TEMPERATURE RANGE

Bit Description
21 | Skew orfrequency selection for bank 2
20 | Skew orfrequency selection for bank 2
19 | Skew orfrequency selection for bank 3
18 | Skew orfrequency selection for bank 3
17 | Skew orfrequency selection for bank 3
16 | Skew orfrequency selection forbank 3
15 | Skew orfrequency selection forbank 3
14 | Skew orfrequency selection for bank 4
13 | Skew orfrequency selection for bank 4
12 | Skew orfrequency selection for bank 4
11 | Skeworfrequency selection for bank 4
10 | Skew orfrequency selection for bank 4

9 | Skeworfrequency selectionforbank 5

8 | Skeworfrequency selectionforbank5

7 | Skeworfrequency selection for bank 5

6 | Skeworfrequency selectionforbank5

5 | Skew orfrequency selectionforbank 5

4 | Skew orfrequency selection for FB bank
3 | Skew orfrequency selection for FB bank
2 | Skew orfrequency selection for FB bank
1 | Skeworfrequency selection for FB bank
0 | Skew orfrequency selection for FB bank

JTAG/ I?°C SERIAL CONFIGURATIONS:

JTAG!/ I1°C SERIAL CONFIGURATIONS:

OUTPUT ENABLE/DISABLE POWERDOWN
Bit59 (OMODE) | Bit56-52 (nSOE) Output PD Bit 59 (OMODE) Output
X (X) 0and (L) Normal Operation H X(X) Normal Operation
0and (L) 1 or (H) Tri-Sate L Oand(L) Tri-Sate
1 or (H) 1 or (H) Gated® L lor(H) Gated
NOTE: 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 determines the level at which the outputs stop.
When Bit 58 is 0/ 1, the nQ and QFB are stopped in a HIGH/LOW state, while the
nQ and QFB are stopped in a LOW/HIGH state. When OMODE is LOW and its
corresponding Bit 59 is 0, the outputs' disable state will be the tri-state.

JTAG/ I1°C SERIAL CONFIGURATIONS:

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 determines the level at which the outputs stop.
When Bit 58 is 0/ 1, the nQ and QFB are stopped in a HIGH/LOW state, while the nQ
and QFB are stopped in a LOW/HIGH state. When OMODE is LOW and its
corresponding Bit 59 is 0, the outputs' disable state will be the tri-state.

JTAG/ I1?°C SERIAL CONFIGURATIONS:

CLOCKINPUT INTERFACE SELEC- OUTPUTDRIVESTRENGTH
TION® SELECTION®
Bit 31, 33,35 Bit 30, 32, 34 Interface Bit 37,39, 41, Bit 36, 38, 40,
0 0 Differential@ 43, 45,47 42,44, 46 Interface
0 1 2.5VLVTTL 0 0 2.5VLVTTL
1 1 1.8VLVTTL 0 1 1.8VLVTTL
NOTES: 1 0 HSTL/eHSTL
1. All other states that are undefined in the table will be reserved. NOTE:

2. Differential input interface for HSTL/eHSTL, LVEPECL (2.5V), and 2.5V/1.8V LVTTL.

© 2019 Renesas Electronics Corporation
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JTAG/ I2C SERIAL CONFIGURATIONS: SKEW OR FREQUENCY SELECT®

Bit 4,9, 14, Bit 3, 8, 13, Bit2,7, 12, Bit1,6, 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 1 +7tu

0 0 0 1 0 +6tu

0 0 0 1 1 +5tu

0 0 1 0 0 +4tu

0 0 1 0 1 +3tu

0 0 1 1 0 +2tu

0 0 1 1 1 +1tu

0 0 0 0 0 Zero Skew
0 1 0 0 1 -ltu

0 1 0 1 0 2u

0 1 0 1 1 -3u

0 1 1 0 0 -4tu

0 1 1 0 1 5tu

0 1 1 1 0 6tu

0 1 1 1 1 -Tu

1 0 0 0 0 Inverted

1 0 0 0 1 Divide-by-2
1 0 0 1 0 Divide-by-4

NOTE:
1. All other states that are undefined in the table will result in zero skew.

JTAG/ I1°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

NOTES:

1. All other states that are undefined in the table will be reserved. o
2. Permissible output division ratios connected to FB and FB/VREF2. The frequencies of the REF[1:0] and REF [1:0J/VREF[1:0] inputs will be Fvco/N when the parts are
configured for frequency multiplication by using an undivided output for FB and FB/VREF2 and setting N (N = 1-6, 8, 10, 12).

JTAG/ I?’C SERIAL CONFIGURATIONS:

VCO FREQUENCY SELECT
Bit60 Min. Max.
0 50Mhz 125MHz
1 100MHz 250Mhz

© 2019 Renesas Electronics Corporation
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PROGRAMMABLE SKEW

Output skew with respect to the REF[1:0] and REF[1:0/VREF[1:0] input is adjustable to compensate for PCB trace delays, backplane propagation
delays or to accommodate requirements for special timing relationships between clocked components. Skew is selectable as a multiple of a time unit
(tu) which ranges from 250ps to 1.25ns (see Programmable Skew Range and Resolution Table). There are 18 skew/divide configurations
available for each output pair. These configurations are chosen through JTAG/I2C programming.

PROGRAMMABLE SKEW RANGE AND RESOLUTION TABLE

Bit60=0 Bit60=1 Comments

Timing Unit Calculation (tu) 1/(16 x FNOM) 1/(16 x FNOM)

VCO Frequency Range (Fnowm)(:2) 50 to 125MHz 100 to 250MHz

SkewAdjustmentRange(®)

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

NOTES:

1. The device may be operated outside recommended frequency ranges without damage, but functional operation is not guaranteed.

2. The VCO frequency always appears at nQ and nQ outputs when they are operated in their undivided modes. The frequency appearing at the REF[1.0] and REF[1.0/VREF(1.0]
and FB and FB/VRer2 inputs will be Fnom when the QFB and QFB are undivided and FB divide-by-1. The frequency of the REF[1.0] and REF[L0)/VRer[L:0] and FB and FB/VRer2
inputs will be Fnom /2 or Fnowm /4 when the part is configured for frequency multiplication by using a divided QFB and QFB and setting FB divide-by-1. Using the FB divide-
by-N configuration inputs allows a different method for frequency multiplication (see JTAG/I2C Serial Configurations: FB Divide-by-N).

3. Skew adjustment range assumes that a zero skew output is used for feedback. If a skewed QFB and QFB output is used for feedback, then adjustment range will be greater.
For example if a 4tu skewed output is used for feedback, all other outputs will be skewed —4tu in addition to whatever skew value is programmed for those outputs. ‘Max adjustment’
range applies to all output pairs where +7tu skew adjustment is possible and at the lowest Fnom value.

EXTERNAL DIFFERENTIAL FEEDBACK INPUT/OUTPUT SELECTION®

()
By providing a dedicated external differential feedback, the IDT5T9891 Input Output®
gives users flexibility with regard to divide selection. The FB and FB/ 2.5VLVITL SE 25VLVTIL,
VREF2 signals are compared with the input REF[1:0] and REF[1.0)/VREF[:0] L8VLVTTLSE L8VLVTTL,
signals at the phase detector in order to drive the VCO. Phase differ- 2.5V LVTTLDSE HSTL,
ences cause the VCO of the PLL to adjust upwards or downwards 1.8V LVTTLDSE eHSTL
accordingly. LVEPECL DSE
An internal loop filter moderates the response of the VCO to the eHSTL DSE
phase detector. The loop filter transfer function has been chosen to HSTL DSE
provide minimal jitter (or frequency variation) while still providing accu- 2.5VLVTTLDIF
rate responses to input frequency changes. 1.8VLVTTLDIF
LVEPECL DIF
MASTER RESET FUNCTIONALITY eHSTL DIF
The IDT5T9891 performs a reset of the internal output divide circuitry HSTL DIF

; ; ; TQOE ni NOTES:
when all five output barnks are disabled by tolemg the nSOE pins 1. The INPUT/OUTPUT SELECTION Table describes the total possible combinations

ﬁH' Whenlone or more ban!(s o_fo_ut_puts are ena.bled .by toqg”ng the of input and output interfaces. Single-Ended (SE) inputs in a single-ended mode require
nSOE LOW (if the corresponding nSOE programming bits are also set the REF[10] /Vrer[10] and FB/VRer2 pins to be left floating. Differential Single-Ended
LOW), the divide circuitry starts again from a known state. In the case (DSE) is for single-ended operation in differential mode, requiring Vreriro] and Veer2.
that the FB output is selected for divide-by-2 or divide-by-4, the FB _ Differential (DIF) inputs are used only in differential mode.

. . . L == . . 2. For each output bank.
output will stop toggling while all five nSOE pins and bits are LOW, and
loss of lock will occur.
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IDT5T9891

EEPROMPROGRAMMABLE2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL

INDUSTRIAL TEMPERATURERANGE

DCELECTRICAL CHARACTERISTICS OVER OPERATING RANGE

Symbol Parameter Test Conditions Min. Max Unit
ViHH Input HIGH Voltage Level® 3-Level Inputs Only Vop - 0.4 — V
Vimm Input MID Voltage Level® 3-Level Inputs Only Vob/2-0.2 | Voo/2 +0.2 v
ViL Input LOW Voltage Level® 3-Level Inputs Only — 0.4 v

VIN = VoD HIGH Level — 200
3 3-Level Input DC Current VN = Vop/2 MID Level 50 +50 pA
(ADDRO, ADDR1) VIN = GND LOW Level -200 —
Ipu Input Pull-Up Current Vop = Max., Vin = GND -100 — pA
NOTE:

1. These inputs are normally wired to Vop, GND, or left floating. Internal termination resistors bias unconnected inputs to Voo/2. If these inputs are switched dynamically after powerup,

the function and timing of the outputs may be glitched, and the PLL may require additional tock time before all datasheet limits are achieved.

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE FORHSTL®

| Symbol | Parameter | Test Conditions | Min. | Typ.® | Max | Unit |
Input Characteristics
IIH Input HIGH Current Vob = 2.7V Vi = Vppon/GND — — 5 pHA
I Input LOW Current Vob = 2.7V Vi = GND/Vbbon — — +5
Vik Clamp Diode Voltage Vop = 2.3V, IINn = -18mA — -0.7 -12 V
VIN DCInputVoltage -0.3 +3.6 V
VIF DC Differential Voltage®® 0.2 — v
Vem DC Common Mode Input Voltage®® 680 750 900 mvV
ViH DC Input HIGH®“5® VRer + 100 — mV
Vic DC Input LOW®58) — VRer - 100 mv
VRer Single-Ended Reference Voltage®® — 750 — mvV
Output Characteristics
VoH Output HIGH Voltage loH = -8mA Vooon - 0.4 — v
lon = -100pA Vobon - 0.1 —
VoL OutputLOW Voltage loL = 8mA — 04 v
loL = 100pA — 0.1
Vox nQ/nQ and FB/FB Output Crossing Point Vopon/2- 150 Vopon/2 | Vopon/2 + 150 mv
NOTES:

1. See RECOMMENDED OPERATING RANGE table.
2. Vorr specifies the minimum input differential voltage (VTr - Vep) required for switching where VTr is the "true" input level and Vcr is the “"complement” input level. Differential mode
only. The DC differential voltage must be maintained to guarantee retaining the existing HIGH or LOW input. The AC differential voltage must be achieved to guarantee switching
to a new state.

0 N o O B W

. Veu specifies the maximum allowable range of (VTR + Vcr) /2. Differential mode only.

. For single-ended operation, in differential mode, REF[L.0y/Vrer[L0] is tied to the DC voltage VREF[1:0].
. Voltage required to maintain a logic HIGH, single-ended operation in differential mode.

. Voltage required to maintain a logic LOW, single-ended operation in differential mode.

. Typical values are at Vop = 2.5V, Vobon = 1.5V, +25°C ambient.

. The reference clock input is capable of HSTL, eHSTL, LVEPECL, 1.8V or 2.5V LVTTL operation independent of the device output. (See Input/Output Selection table.)
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IDT5T9891
EEPROMPROGRAMMABLE 2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL INDUSTRIAL TEMPERATURE RANGE

POWER SUPPLY CHARACTERISTICS FORHSTL OUTPUTS®

Symbol Parameter Test Conditions® Typ. Max Unit
IbbQ Quiescent Voo Power Supply Current® Vobon = Max., REF = LOW, PD = HIGH, nSOE = LOW, 112 150 mA
PLL_EN = HIGH, Outputs enabled, All outputs unloaded
IbbQQ Quiescent Voogn Power Supply Current® | Vooen = Max., REF = LOW, PD = HIGH, nSOE = LOW, 2 7 pA
PLL_EN = HIGH, Outputs enabled, All outputs unloaded
IboPD Power Down Current Vobp = Max., PD = LOW, nSOE = LOW, PLL_EN = HIGH 03 3 mA
Ioob Dynamic Voo Power Supply Voo = Max., Vobgn = Max., CL = OpF 2 0 pA/MHz
Currentper Output
IpbbQ Dynamic Vobgn Power Supply Voo = Max., Vobon = Max., CL = OpF 19 K] pA/MHz
Currentper Output
Itor Total Power Voo Supply Current9 Vooon = 1.5V, Fvco = 100MHz, Ci = 15pF 280 400 mA
Vooon = 1.5V, Fvco = 250MHz, CL = 15pF 320 450
ItoTQ Total Power Vobgn Supply Current®) Vopon = 1.5V, Fvco = 100MHz, Ci = 15pF 130 200 mA
Vooon = 1.5V, Fvco = 250MHz, Cv = 15pF 220 330
NOTES:

1. These power consumption characteristics are for all the valid input interfaces and cover the worst case input and output interface combinations.
. The termination resistors are excluded from these measurements.

. If the differential input interface is used, the true input is held LOW and the complementary input is held HIGH.

. Bit60 =1.

. All outputs are at the same interface level.

g B w N
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IDT5T9891

EEPROMPROGRAMMABLE2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL

INDUSTRIAL TEMPERATURERANGE

DIFFERENTIAL INPUT AC TEST CONDITIONS FORHSTL

Symbol Parameter Value Units
VoI Input Signal Swing® 1 \Y
Vx Differential Input Signal Crossing Point® 750 mvV
VITHI Input Timing Measurement Reference Level® Crossing Point \Y
tRr, tF Input Signal Edge Rate® 1 Vins
NOTES:

1. The 1V peak-to-peak input pulse level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Voir (AC)
specification under actual use conditions.

2. A 750mV crossing point level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Vx specification under
actual use conditions.

3. In all cases, input waveform timing is marked at the differential cross-point of the input signals.

4. The input signal edge rate of 1V/ns or greater is to be maintained in the 20% to 80% range of the input waveform.

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE FOR eHSTL®

[ Symbol | Parameter | Test Conditions [ Min. | 1yp® | Max [ unit |
Input Characteristics
IIH Input HIGH Current Vob = 2.7V Vi = Vopon/GND — — +5 uHA
IiL Input LOW Current Vob = 2.7V Vi = GND/VbDoN — — +5
Vik Clamp Diode Voltage Vop = 2.3V, IINn = -18mA — -0.7 -12 V
VIN DCInputVoltage -0.3 +3.6 V
VIF DC Differential Voltage®®® 0.2 — \Y
Veum DC Common Mode Input Voltage®® 800 900 1000 mV
ViH DC Input HIGH®%8 VRrer + 100 — mV
Vic DC Input LOW®58) — VRer - 100 mvV
VRer Single-Ended Reference Voltage®® — 900 — mV
Output Characteristics
VoH Output HIGH Voltage loH = -8mA Vooon - 0.4 — \Y
lon = -100pA Vobon - 0.1 — Vv
VoL OutputLOW Voltage loL = 8mA — 04 v
loL = 100pA — 0.1 V
Vox nQ/nQ and FB/FB Output Crossing Point Vopon/2- 150 Vopeni2 | Vopani2 + 150 mv
NOTES:

1. See RECOMMENDED OPERATING RANGE table.

2. Vorr specifies the minimum input differential voltage (VTr - Vep) required for switching where VTr is the "true" input level and Vcr is the “"complement” input level. Differential mode
only. The DC differential voltage must be maintained to guarantee retaining the existing HIGH or LOW input. The AC differential voltage must be achieved to guarantee switching
to a new state.

. Veu specifies the maximum allowable range of (V1r + Vcp) /2. Differential mode only.

. For single-ended operation, in a differential mode, REF(1.0)Vrer{1:0] is tied to the DC voltage VRer[1.0].

. Voltage required to maintain a logic HIGH, single-ended operation in differential mode.

. Voltage required to maintain a logic LOW, single-ended operation in differential mode.

. Typical values are at Voo = 2.5V, Vobon = 1.8V, +25°C ambient.

. The reference clock input is capable of HSTL, eHSTL, LVEPECL, 1.8V or 2.5V LVTTL operation independent of the device output. (See Input/Output Selection table.)

o N o o~ W
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IDT5T9891
EEPROMPROGRAMMABLE 2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL

POWER SUPPLY CHARACTERISTICSFOReHSTLOUTPUTS®

INDUSTRIAL TEMPERATURE RANGE

Symbol Parameter Test Conditions® Typ. Max Unit
IbpQ Quiescent Vob Power Supply Current® Vopon = Max., REF = LOW, PD = HIGH, nSOE = LOW, 112 150 mA
PLL_EN =HIGH, Outputs enabled, All outputs unloaded
IbbQQ Quiescent Vopon Power Supply Current® | Vopbon = Max., REF = LOW, PD = HIGH, nSOE = LOW, 2 75 nA
PLL_EN = HIGH, Outputs enabled, All outputs unloaded
IpoPD Power Down Current Vo = Max., PD = LOW, nSOE = LOW, PLL_EN = HIGH 0.3 3 mA
Ioop Dynamic Vop Power Supply Vop = Max., Vooon = Max., CL = OpF 2 K] pA/MHz
Currentper Output
IobpQ Dynamic Voogn Power Supply Vop = Max., Vooon = Max., CL = OpF 2 K] pA/MHz
Currentper Output
Itor Total Power Vob Supply Current9 Vopon = 1.8V, Fvco = 100MHz, Ci = 15pF 280 400 mA
Vobon = 1.8V, Fvco = 250MHz, CL = 15pF 330 450
ItotQ Total Power Vobgn Supply Current®9 Vooon = 1.8V, Fvco = 100MHz, Ci = 15pF 160 250 mA
Vobon = 1.8V, Fvco = 250MHz, CL = 15pF 270 400
NOTES:
1. These power consumption characteristics are for all the valid input interfaces and cover the worst case input and output interface combinations.
2. The termination resistors are excluded from these measurements.
3. If the differential input interface is used, the true input is held LOW and the complementary input is held HIGH.
4. Bit 60 = 1.
5. All outputs are at the same interface level.
DIFFERENTIAL INPUT ACTEST CONDITIONS FOR eHSTL
Symbol Parameter Value Units
VbIF Input Signal Swing® 1 \Y
Vx Differential Input Signal Crossing Point® 900 mV
VTHI Input Timing Measurement Reference Level® Crossing Point \Y
tRr, tF Input Signal Edge Rate® 1 Vins
NOTES:

1. The 1V peak-to-peak input pulse level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Voir (AC)
specification under actual use conditions.

2. A 900mV crossing point level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Vx specification under
actual use conditions.

3. In all cases, input waveform timing is marked at the differential cross-point of the input signals.
4. The input signal edge rate of 1V/ns or greater is to be maintained in the 20% to 80% range of the input waveform.
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IDT5T9891
EEPROMPROGRAMMABLE2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL INDUSTRIAL TEMPERATURERANGE

DCELECTRICAL CHARACTERISTICS OVER OPERATING RANGE FOR
LVEPECL®

| Symbol | Parameter | Test Conditions | Min. | Typ.@ | Max | Unit
Input Characteristics
liH Input HIGH Current Vop = 2.7V Vi = Vopon/GND — — +5 pnA
I InputLOW Current Vop = 2.7V Vi = GND/VbboN — — +5
Vik Clamp Diode Voltage Vop = 2.3V, In = -18mA — -0.7 -12 V
VIN DCnputVoltage -0.3 — 36 V
Vem DC Common Mode Input Voltage®® 915 1082 1248 mv
VREF Single-Ended Reference Voltage®? — 1082 — mvV
VIH DC Input HIGH 1275 — 1620 mV
ViL DC Input LOW 555 — 875 mV
NOTES:

1. See RECOMMENDED OPERATING RANGE table.

. Typical values are at Voo = 2.5V, +25°C ambient.

. Vew specifies the maximum allowable range of (V1r + Vcp) /2. Differential mode only.

. For single-ended operation while in differential mode, REF[L0)/Vrer[1:0] is tied to the DC voltage VReF[L0].

. The reference clock input is capable of HSTL, eHSTL, LVEPECL, 1.8V or 2.5V LVTTL operation independent of the device output. (See Input/Output Selection table.)

g B w N

DIFFERENTIAL INPUT AC TEST CONDITIONS FOR LVEPECL

Symbol Parameter Value Units
VoI Input Signal Swing® 732 mv
Vx Differential Input Signal Crossing Point® 1082 mvV
VTHI Input Timing Measurement Reference Level® Crossing Point v
tr, tF Input Signal Edge Rate® 1 Vins
NOTES:

1. The 732mV peak-to-peak input pulse level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Voir (AC)
specification under actual use conditions.

2. A 1082mV crossing point level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Vx specification
under actual use conditions.

3. In all cases, input waveform timing is marked at the differential cross-point of the input signals.
4. The input signal edge rate of 1V/ns or greater is to be maintained in the 20% to 80% range of the input waveform.

© 2019 Renesas Electronics Corporation




IDT5T9891
EEPROMPROGRAMMABLE 2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL INDUSTRIAL TEMPERATURE RANGE

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE FOR 2.5V

LVTTLD
| Symbol | Parameter | Test Conditions | Min. | Typ.® | Max | Unit
Input Characteristics
liH Input HIGH Current Vop = 2.7V Vi = Vbpon/GND — — +5 uHA
I InputLOW Current Vob = 2.7V Vi = GND/Vbbon — — +5
Vik Clamp Diode Voltage Vop = 2.3V, IINn = -18mA — -0.7 -12 \Y
VIN DClnputVoltage -0.3 +3.6 \Y
Single-Ended Inputs®
VIH DC Input HIGH 17 — vV
Vi DC Input LOW — 0.7 \%
Differential Inputs
VoI DC Differential Voltage®® 0.2 — \Y
Vem DC Common Mode Input Voltage®? 1150 1250 1350 mvV
VIH DC Input HIGH®%9 Vrer + 100 — mV
Vic DC Input LOW®79 — VRer - 100 mV
VRer Single-Ended Reference Voltage®? — 1250 — mvV
Output Characteristics
VoH Output HIGH Voltage lon = -12mA Vobon - 0.4 — vV
loH = -100pA Vooon - 0.1 — Vv
VoL OutputLOW Voltage loL = 12mA — 04 Vv
lo = 100pA — 0.1 \
NOTES:
1. See RECOMMENDED OPERATING RANGE table.
2. For 2.5V LVTTL single-ended operation, Bits 35/34, 33/32, 31/30 = 0/1 or 1/0, and REF[L0y/VReF[LO] s left floating. If Bits 47 - 36 = 0, FB/Vrer2 should be left floating.
3. Vorr specifies the minimum input differential voltage (Vr - Vcp) required for switching where V1R is the "true" input level and Vcr is the "complement"” input level. Differential mode
only. The DC differential voltage must be maintained to guarantee retaining the existing HIGH or LOW input. The AC differential voltage must be achieved to guarantee switching
to a new state.
4. Vcw specifies the maximum allowable range of (V1R + Vcr) /2. Differential mode only.
5. For single-ended operation, in differential mode, REF[L0)/VrRer[L0] is tied to the DC voltage VREF[1:0].
6. Voltage required to maintain a logic HIGH, single-ended operation in differential mode.
7. Voltage required to maintain a logic LOW, single-ended operation in differential mode.
8. Typical values are at Voo = 2.5V, Vobon = Vop, +25°C ambient.
9. The reference clock input is capable of HSTL, eHSTL, LVEPECL, 1.8V or 2.5V LVTTL operation independent of the device output. (See Input/Output Selection table.)
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IDT5T9891
EEPROMPROGRAMMABLE2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL

POWER SUPPLY CHARACTERISTICSFOR 2.5V LVTTLOUTPUTS®

INDUSTRIAL TEMPERATURERANGE

Symbol Parameter Test Conditions® Typ. Max Unit
IbbQ Quiescent Voo Power Supply Current® Vobon = Max., REF = LOW, PD = HIGH, nSOE = LOW, 112 150 mA
PLL_EN = HIGH, Outputs enabled, All outputs unloaded
IbbQQ Quiescent Vopn Power Supply Current® | Vopen = Max., REF = LOW, PD = HIGH, nSOE = LOW, 15 75 pA
PLL_EN = HIGH, Outputs enabled, All outputs unloaded
IpbPD Power Down Current Vb = Max., PD = LOW, nSOE = LOW, PLL_EN = HIGH 0.3 3 mA
Ipop Dynamic Voo Power Supply Voo = Max., Vooon = Max., C = OpF 2 K] pA/MHz
Currentper Output
IppbQ Dynamic Vobgn Power Supply Voo = Max., Vooon = Max., C = OpF K< 4 pA/MHz
Currentper Output
Itot Total Power Voo Supply Current®9 Voo = 2.5V., Fvco = 100MHz, CL = 15pF 280 400 mA
Vooon = 2.5V., Fvco = 250MHz, CL = 15pF 320 450
ItotQ Total Power Vooon Supply Current®®) Vooon = 2.5V., Fvco = 100MHz, Cu = 15pF 210 320 mA
Vooon = 2.5V., Fvco = 250MHz, CL = 15pF 345 530
NOTES:
1. These power consumption characteristics are for all the valid input interfaces and cover the worst case input and output interface combinations.
2. The termination resistors are excluded from these measurements.
3. If the differential input interface is used, the true input is held LOW and the complementary input is held HIGH.
4, Bit 60 = 1.
5. All outputs are at the same interface level.
DIFFERENTIAL INPUT ACTEST CONDITIONSFOR 2.5V LVTTL
Symbol Parameter Value Units
VoI Input Signal Swing® Vbp \Y
Vx Differential Input Signal Crossing Point® Voo/2 \Y
VTHI Input Timing Measurement Reference Level® Crossing Point \Y
R, tF Input Signal Edge Rate® 25 Vins
NOTES:

1. A nominal 2.5V peak-to-peak input pulse level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Voir
(AC) specification under actual use conditions.

2. A nominal 1.25V crossing point level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Vx specification
under actual use conditions.

3. In all cases, input waveform timing is marked at the differential cross-point of the input signals.
4. The input signal edge rate of 2.5V/ns or greater is to be maintained in the 20% to 80% range of the input waveform.

SINGLE-ENDED INPUT AC TEST CONDITIONS FOR 2.5V LVTTL

Symbol Parameter Value Units
VIH Input HIGH Voltage Vbp v
ViL Input LOW Voltage 0 v
VITHI Input Timing Measurement Reference Level® Voo/2 v
R, tF Input Signal Edge Rate® 2 Vins
NOTES:

1. A nominal 1.25V timing measurement reference level is specified to allow constant, repeatable results in an automatic test equipment (ATE) environment.

2. The input signal edge rate of 2V/ns or greater is to be maintained in the 10% to 90% range of the input waveform.
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IDT5T9891
EEPROMPROGRAMMABLE 2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL INDUSTRIAL TEMPERATURE RANGE

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE FOR 1.8V
LVTTL®D

| Symbol | Parameter | Test Conditions | Min. | Typ.® | Max | Unit
Input Characteristics
IiH Input HIGH Current Vop = 2.7V Vi = Vooon/GND — — +5 uHA
I InputLOW Current Vop = 2.7V Vi = GND/VbboN — — +5
Vik Clamp Diode Voltage Vop = 2.3V, IIn = -18mA — -0.7 -12 v
VIN DClnputVoltage -0.3 Vooon + 0.3 V
Single-Ended Inputs®
VIH DC Input HIGH 1.07349 — \
ViL DC Input LOW — 0.683 \
Differential Inputs
VIF DC Differential Voltage®? 0.2 — v
Vem DC Common Mode Input Voltage®? 825 900 975 mvV
ViH DC Input HIGH®S9 VRer + 100 — mv
Vi DC Input LOWG™ — VRer - 100 mv
VREF Single-Ended Reference Voltage®? — 900 — mvV
Output Characteristics
VoH Output HIGH Voltage lon = -6mA VoooN - 0.4 — '
lon = -100pA Vooon - 0.1 — V
VoL Output LOW Voltage loL = 6mA — 04 Vv
loL = 100pA — 0.1 \Y
NOTES:

1. See RECOMMENDED OPERATING RANGE table.

2. For 1.8V LVTTL single-ended operation, Bits 35 - 30 = 0 and REF[1:0/VRer[L0] is left floating. If Bits 47/46, 45/44, 43/42, 41/40, 39/38, 37/36 = 0/1, FB/Vrer2 should be left floating.

3. Vorr specifies the minimum input differential voltage (Vr - Vcp) required for switching where VT is the "true" input level and Vcp is the "complement" input level. Differential mode
only. The DC differential voltage must be maintained to guarantee retaining the existing HIGH or LOW input. The AC differential voltage must be achieved to guarantee switching
to a new state.

4. Vcwm specifies the maximum allowable range of (Vtr + Vcp) /2. Differential mode only.

5. For single-ended operation in differential mode, REF[1.0/Vreri1:0] is tied to the DC voltage Vrer[1:0l. The input is guaranteed to toggle within +200mV of VRrer[10] when VREF[L0]

is constrained within +600mV and Voo-600mV, where Vool is the nominal 1.8V power supply of the device driving the REF[1.0] input. To guarantee switching in voltage range

specified in the JEDEC 1.8V LVTTL interface specification, VRer[1:0] must be maintained at 900mV with appropriate tolerances.

Voltage required to maintain a logic HIGH, single-ended operation in differential mode.

Voltage required to maintain a logic LOW, single-ended operation in differential mode.

Typical values are at Vop = 2.5V, Vooon = 1.8V, +25°C ambient.

The reference clock input is capable of HSTL, eHSTL, LVEPECL, 1.8V or 2.5V LVTTL operation independent of the device output. (See Input/Output Selection table.)

10. This value is the worst case minimum Vi1 over the specification range of the 1.8V power supply. The 1.8V LVTTL specification is ViH = 0.65 * Vop where Vop is 1.8V + 0.15V.
However, the LVTTL translator is supplied by a 2.5V nominal supply on this part. To ensure compliance with the specification, the translator was designed to accept the calculated
worst case value ( Vi = 0.65 * [1.8 - 0.15V]) rather than reference against a nominal 1.8V supply.

11. This value is the worst case maximum ViL over the specification range of the 1.8V power supply. The 1.8V LVTTL specification is Vi. = 0.35 * Vop where Voo is 1.8V + 0.15V.
However, the LVTTL translator is supplied by a 2.5V nominal supply on this part. To ensure compliance with the specification, the translator was designed to accept the calculated
worst case value ( Vi = 0.35 * [1.8 + 0.15V]) rather than reference against a nominal 1.8V supply.
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IDT5T9891
EEPROMPROGRAMMABLE2.5VPROGRAMMABLE SKEWPLL DIFFERENTIAL

POWER SUPPLY CHARACTERISTICSFOR 1.8V LVTTLOUTPUTS®

INDUSTRIAL TEMPERATURERANGE

Symbol Parameter Test Conditions® Typ. Max Unit
IbbQ Quiescent Voo Power Supply Current® Vopon = Max., REF = LOW, PD = HIGH, nSOE = LOW, 112 150 mA
PLL_EN = HIGH, Outputs enabled, All outputs unloaded
IbbQQ Quiescent Voon Power Supply Current® | Vobgn = Max., REF = LOW, PD = HIGH, nSOE = LOW, 2 75 A
PLL_EN = HIGH, Outputs enabled, All outputs unloaded
[ Power Down Current Voo = Max., PD = LOW, nSOE = LOW, PLL_EN = HIGH 03 3 mA
Ioop Dynamic Voo Power Supply Vop = Max., Voogn = Max., CL = OpF 19 K] pA/MHz
Currentper Output
IobpQ Dynamic Voogn Power Supply Vop = Max., Voogn = Max., CL = OpF 2 K] pA/MHz
Currentper Output
[tor Total Power Vo Supply Current9 Vooon = 1.8V., Fvco = 100MHz, Ci = 15pF 275 400 mA
Vobon = 1.8V., Fvco = 250MHz, CL = 15pF 310 450
ItotQ Total Power Vobgn Supply Current®9 Vobon = 1.8V., Fvco = 100MHz, CL = 15pF 135 200 mA
Vobon = 1.8V., Fvco = 250MHz, Cu = 15pF 200 300
NOTES:
1. These power consumption characteristics are for all the valid input interfaces and cover the worst case input and output interface combinations.
2. The termination resistors are excluded from these measurements.
3. If the differential input interface is used, the true input is held LOW and the complementary input is held HIGH.
4. Bit 60 = 1.
5. All outputs are at the same interface level.
DIFFERENTIAL INPUT ACTEST CONDITIONSFOR 1.8V LVTTL
Symbol Parameter Value Units
VoI Input Signal Swing® Vo v
Vx Differential Input Signal Crossing Point® Vobi/2 mvV
VITHI Input Timing Measurement Reference Level® Crossing Point v
R, tF Input Signal Edge Rate® 18 Vins
NOTES:

1. Vooi is the nominal 1.8V supply (1.8V + 0.15V) of the part or source driving the input. A nominal 1.8V peak-to-peak input pulse level is specified to allow consistent, repeatable
results in an automatic test equipment (ATE) environment. This device meets the Voir (AC) specification under actual use conditions.

2. A nominal 900mV crossing point level is specified to allow consistent, repeatable results in an automatic test equipment (ATE) environment. This device meets the Vx specification
under actual use conditions.

3. In all cases, input waveform timing is marked at the differential cross-point of the input signals.
4. The input signal edge rate of 1.8V/ns or greater is to be maintained in the 20% to 80% range of the input waveform.

SINGLE-ENDED INPUT AC TEST CONDITIONS FOR 1.8V LVTTL

Symbol Parameter Value Units
ViH Input HIGH Voltage® Voo \Y
ViL Input LOW Voltage 0 \Y
VTHI Input Timing Measurement Reference Level® Vooi/2 mvV
tRr, tF Input Signal Edge Rate® 2 Vins
NOTES:

1. Voo is the nominal 1.8V supply (1.8V + 0.15V) of the part or source driving the input.

2. A nominal 900mV timing measurement reference level is specified to allow constant, repeatable results in an automatic test equipment (ATE) environment.

3. The input signal edge rate of 2V/ns or greater is to be maintained in the 10% to 90% range of the input waveform.
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ACELECTRICAL CHARACTERISTICS OVER OPERATING RANGE

Alloutputs atthe same interface level

Symbol Parameter | Min. | Typ. | Max Unit
FNOM VCO Frequency Range see JTAG/I?C Serial Configurations: VCO Frequency Range table
trRPW Reference Clock Pulse Width HIGH or LOW 1 — — ns
trew Feedback Input Pulse Width HIGH or LOW 1 — — ns
tu Programmable Skew Time Unit see Control Summary Table
tsk(0) Output Skew (Rise-Rise, Fall-Fall, Nominal)(2 — — 100 ps
tsk1(co) Multiple Frequency Skew (Rise-Rise, Fall-Fall, Nominal-Divided, Divided-Divided)®-23) — — 100 ps
tsk2(w) Multiple Frequency Skew (Rise-Fall, Nominal-Divided, Divided-Divided)®23) — — 300 ps
tsk1(nv) Inverting Skew (Nominal-Inverted)(%-2 — — 300 ps
tsik2(iv) Inverting Skew (Rise-Rise, Fall-Fall, Rise-Fall, Inverted-Divided)(t-23) — — 300 ps
tsk(PR) Process Skew(124) — — 300 ps
t(®) REF Input to FB Static Phase Offset® -100 — 100 ps
tobcv Output Duty Cycle Variation from 50%11:12) 1.8VLVTTL -375 — 375 ps
2.5VLVTTL 275 — 275
toRISE OutputRise Time®) HSTL / eHSTL / 1.8V LVTTL — — 12 ns
2.5VLVTTL — — 1
toFALL OutputFall Time® HSTL/eHSTL/ 1.8V LVTTL — — 12 ns
2.5VLVTTL — — 1
i Power-up PLL Lock Time( — — 4 ms
tL(e) PLL Lock Time After Input Frequency Change( — — 1 ms
(D) PLL Lock Time After Asserting PD Pin(? — — 1 ms
tL(REFSELL) PLL Lock Time After Change in REF_SEL(:9) — — 100 us
tL(REFSEL2) PLL Lock Time After Change in REF_SEL (REF1and REFoare different frequency)(?) — — 1 ms
tir(cc) Cycle-to-Cycle Output Jitter (peak-to-peak) @8 — 50 75 ps
tim(PER) Period Jitter (neak-to-peak)@8) — — 75 ps
tim(Hp) Half Period Jitter (peak-to-peak)@8.10) — — 125 ps
tar(oury) Duty Cycle Jitter (peak-to-peak)@®) — — 100 ps
Vox HSTL and eHSTL Differential True and Complementary Output Crossing Voltage Level Vopon/2 - 150| Vopn/2 | Vopgn/2 + 1501 mV
NOTES:
1. Skew is the time between the earliest and latest output transition among all outputs for which the same tu delay has been selected, when all outputs are loaded with the specified
load.

2. For differential LVTTL outputs, the measurement is made at Vopbqn/2, where the true outputs are only compared with other true outputs and the complementary outputs are only
compared to other complementary outputs. For differential HSTL/eHSTL outputs, the measurement is made at the crossing point (Vox) of the true and complementary signals.

3. There are three classes of outputs: nominal (multiple of tu delay), inverted, and divided (divide-by-2 or divide-by-4 mode).

4. tsk(pr) is the output to corresponding output skew between any two devices operating under the same conditions (Vop and Vobgn, ambient temperature, air flow, etc.).

5. t(¢) is measured with REF and FB the same type of input, the same rise and fall times. For 1.8V / 2.5V LVTTL input and output, the measurement is taken from VHi on REF
to VHi on FB. For HSTL / eHSTL input and output, the measurement is taken from the crosspoint of REF/REF to the crosspoint of FB/FB. All outputs are set to Otu, FB input
divider is set to divide-by-one, and Bit 60 = 1.

6. Output rise and fall times are measured between 20% to 80% of the actual output voltage swing.

7. i, t(o), t(rRerseLt), tu(rerseL2), and tL(pp) are the times that are required before the synchronization is achieved. These specifications are valid only after Voo/Vobon is stable and
within the normal operating limits. These parameters are measured from the application of a new signal at REF or FB, or after PD is (re)asserted until t(¢) is within specified
limits.

8. The jitter parameters are measured with all outputs selected for Otu, FB input divider is set to divide-by-one, and Bit 60 = 1.

9. Both REF inputs must be the same frequency, but up to £180° out of phase.

10. For HSTL/eHSTL outputs only.

11. For LVTTL outputs only.

12. topcv is measured with all outputs selected for zero delay.
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ACELECTRICAL CHARACTERISTICS OVER OPERATING RANGE

Alloutputs atthe differentinterface levels

Symbol Parameter | Min. | Typ. | Max Unit
FNOM VCO Frequency Range see JTAG/I2C Serial Configurations: VCO Frequency Range table
trRPW Reference Clock Pulse Width HIGH or LOW 1 — — ns
trew Feedback Input Pulse Width HIGH or LOW 1 — — ns
tu Programmable Skew Time Unit see Control Summary Table
tsk(0) Output Skew (Rise-Rise, Fall-Fall, Nominal)®2) — — 250 ps
tsk1(co) Multiple Frequency Skew (Rise-Rise, Fall-Fall, Nominal-Divided, Divided-Divided)(*23) — — 500 ps
tsk2(w) Multiple Frequency Skew (Rise-Fall, Nominal-Divided, Divided-Divided) (23 — — 500 ps
tsk1(nv) Inverting Skew (Nominal-Inverted)(%-2 — — 500 ps
tsk2(iv) Inverting Skew (Rise-Rise, Fall-Fall, Rise-Fall, Inverted-Divided)(1-23) — — 500 ps
tsk(PR) Process Skew(!24) — — 400 ps
(%) REF Inputto FB Static Phase Offset® -200 — 200 ps
topcv Output Duty Cycle Variation from 50%(1112) 1.8VLVTTL 475 — 475 ps
2.5VLVTTL 375 — 375
toRISE OutputRise Time® HSTL / eHSTL / 1.8V LVTTL — — 12 ns
2.5VLVTTL — — 1
toraLL OutputFall Time® HSTL / eHSTL / 1.8V LVTTL — — 12 ns
2.5VLVTTL — — 1
i Power-up PLL Lock Time(") — — 4 ms
ti(w) PLL Lock Time After Input Frequency Change(” — — 1 ms
(D) PLL Lock Time After Asserting PD Pin() — — 1 ms
tL(REFSELL) PLL Lock Time After Change in REF_SEL(9) — — 100 us
tL(REFSEL2) PLL Lock Time After Change in REF_SEL (REF1and REFoare different frequency)® — — 1 ms
tar(co) Cycle-to-Cycle Output Jitter (peak-to-peak) @8 — — 100 ps
tim(PeR) Period Jitter (peak-to-peak)@8) — — 150 ps
tar(p) Half Period Jitter (peak-to-peak)@810) — — 200 ps
tar(pury) Duty Cycle Jitter (peak-to-peak) @8 — — 150 ps
Vox HSTL and eHSTL Differential True and Complementary Output Crossing Voltage Level Vopon/2 - 150| Vopon/2 | Vopn/2 + 1501 mV
NOTES:
1. Skew is the time between the earliest and latest output transition among all outputs for which the same tu delay has been selected, when all outputs are loaded with the specified
load.

2. For differential LVTTL outputs, the measurement is made at Voon/2, where the true outputs are only compared with other true outputs and the complementary outputs are only
compared to other complementary outputs. For differential HSTL/eHSTL outputs, the measurement is made at the crossing point (Vox) of the true and complementary signals.

3. There are three classes of outputs: nominal (multiple of tu delay), inverted, and divided (divide-by-2 or divide-by-4 mode).

4. tsk(pr) is the output to corresponding output skew between any two devices operating under the same conditions (Vop and Vooon, ambient temperature, air flow, etc.).

5. t(¢) is measured with REF and FB the same type of input, the same rise and fall times. For 1.8V / 2.5V LVTTL input and output, the measurement is taken from VTH on REF
to VHi on FB. For HSTL / eHSTL input and output, the measurement is taken from the crosspoint of REF/REF to the crosspoint of FB/FB. All outputs are set to Otu, FB input
divider is set to divide-by-one, and Bit 60 = 1.

6. Output rise and fall times are measured between 20% to 80% of the actual output voltage swing.

7. ., t(o), t(rerseLt), tL(RersEL2), and tL(pp) are the times that are required before the synchronization is achieved. These specifications are valid only after Voo/Vobon is stable and
within the normal operating limits. These parameters are measured from the application of a new signal at REF or FB, or after PD is (re)asserted until t(¢) is within specified
limits.

8. The jitter parameters are measured with all outputs selected for Otu, FB input divider is set to divide-by-one, and Bit 60 = 1.

9. Both REF inputs must be the same frequency, but up to £180° out of phase.

10. For HSTL/eHSTL outputs only.

11. For LVTTL outputs only.

12. topcv is measured with all outputs selected for zero delay.

© 2019 Renesas Electronics Corporation




IDT5T9891

EEPROMPROGRAMMABLE 2.5V PROGRAMMABLE SKEW PLL DIFFERENTIAL INDUSTRIAL TEMPERATURE RANGE
AC DIFFERENTIAL INPUT SPECIFICATIONS®
Symbol Parameter Min. Typ. Max Unit
tw Reference/Feedback Input Clock Pulse Width HIGH or LOW (HSTL/eHSTL outputs)®@ 1 — — ns
Reference/Feedback Input Clock Pulse Width HIGH or LOW (2.5V/ 1.8V LVTTL outputs)® 1 — —
HSTL/eHSTL/1.8V LVTTL/2.5V LVTTL
VoI AC Differential Voltage® 400 — — mv
ViH AC Input HIGH“® Vx + 200 — — mv
ViL AC Input LOW®“® — — Vx - 200 mv
LVEPECL
VoI AC Differential Voltage® 400 — — mvV
VIH AC Input HIGH® 1275 — — mV
ViL AC Input LOW® — — 875 mV
NOTES:

1. For differential input mode, Bits 35 - 30 = 1.
2. Both differential input signals should not be driven to the same level simultaneously. The input will not change state until the inputs have crossed and the voltage range defined
by Voir has been met or exceeded.

3. Differential mode only. Voir specifies the minimum input voltage (VTr - Vcp) required for switching where V1r is the "true” input level and Vce is the "complement" input level.
The AC differential voltage must be achieved to guarantee switching to a new state.

4. For single-ended operation, REF[1.0/Vrer[1:0] is tied to the DC voltage Vrer[1:0l. Refer to each input interface's DC specification for the correct VRer[1:0] range.
5. Voltage required to switch to a logic HIGH, single-ended operation only.
6. Voltage required to switch to a logic LOW, single-ended operation only.
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AC TIMING DIAGRAM®

tobcv fobcy
_ - SN
X X i
0 /
tsk©) —* 4_—> --— {SK(O)
N 7
OTHER Q \
(SKLINV)—3= 4_—» ~— {SK1(INV)
INVERTED Q % % % % )eé 9/ %
INVERTED Q \
{SK2(w),— |  |st—
_ tSK2(INV) tSK2(INV) —»-| | ~a— — |- (SK2(0)
QDIVIDED BY 2 % 7
QDIVIDED BY 2
{SK1l(®), —p=| |- —| |- {SKi()
tSK2(INV)
QDIVIDED BY 4 \ A
QDIVIDED BY 4 / AY;

NOTE:
1. The AC TIMING DIAGRAM applies to Bit 58 = 1. For Bit 58 = 0, the negative edge of FB aligns with the negative edge of REF[1.0], divided outputs change on the negative
edge of REF[u0], and the positive edges of the divide-by-2 and divide-by-4 signals align.
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JITTER AND OFFSET TIMING WAVEFORMS

nQ, QrFs ><
feycle n

tiiticc) = teyclen — feycle n+1

teyclen +1

Cycle-to-Cycle jitter

REF(1:0] |
- X X X
FB |
—  —t@)n - f@n+1
Z : n=N
1 tw@n
t(Q) - N (N is a large number of samples)
Static Phase Offset
NOTE:
1. Diagram for Bit 58 = 1 and HSTL / eHSTL input and output.
n—Q, QB —
nQ, Qrs

<« tW(MIN) —>

<« tW(MAX) —>

tIT(DUTY) = [tW(MAX) - tW(MIN)

Duty-Cycle Jitter
23
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nQ, Qrs -
nQ, QrB E—

> teycle n -
nQ, Qrs >< S
nQ, QrFB —

- 1 >

fo

1
tjitqper) = fcyclen — Tty

Period jitter

<—— thalf period n —|<—— thalf period n+1

nQ, QFB ><
nQ, QrFs

—h

tiit(hper) = thalf period n — L
24,

Half-Period jitter

24
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TEST CIRCUITS AND CONDITIONS

VDDI
R1
3inch, ~50Q
VIN Transmission Line
O )
VoD VDDQN
R2
—= — \Y
po! REF[1:0]
Pulse D.U.T.
Generator R1
U 3inch, ~50Q REF[1:0]
IN Transmission Line
L o o0—0O ) o C QJ
R2

Test Circuit for Differential Input®

DIFFERENTIAL INPUT TEST CONDITIONS

Symbol Vop = 2.5V + 0.2V Unit
R1 100 Q
R2 100 Q

VoI Vewm*2 \Y

HSTL: Crossing of REF[1.0] and REF[1.0]
eHSTL: Crossing of REF(1:0] and REF[1:0]
VTHI LVEPECL: Crossing of REF1:0] and REF[1.0] \"
1.8V LVTTL: Vooil2
2.5V LVTTL: Voo/2

NOTE:

1. This input configuration is used for all input interfaces. For single-ended testing,
the REF[1.0] must be left floating. For testing single-ended in differential input
mode, the Vin should be floating.
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VDD VDDQN
VDDQN
REF1:0] R1 VDDQN
nQ
R2 R1
D.U.T. c
) i l
FB QFB—
EB QFB ICL R2

oo

Test Circuit for Differential Outputs

DIFFERENTIALOUTPUT TEST

VDD VDDQN
- REF[10]
QFB
D.U.T.
—FB Qrs
FB

INDUSTRIAL TEMPERATURERANGE

VDDQN

CL

——

VDDQN

R1

-:[%L R2

Test Circuit for Differential Feedback

DIFFERENTIAL FEEDBACK TEST

R1

R2

CONDITIONS CONDITIONS
Symbol Vop = 2.5V £ 0.2V Unit Symbol Vop = 2.5V + 0.2V Unit
Vooon = Interface Specified Vooon = Interface Specified
CL 15 pF CL 15 pF
R1 100 Q R1 100 Q
R2 100 Q R2 100 Q
Vox HSTL: Crossing of nQ and nQ Vv Vox HSTL: Crossing of Qrs and QrB Vv
eHSTL: Crossing of nQ and nQ eHSTL: Crossing of Qrs and QF8
VTHO 1.8V LVTTL: Vboon/2 Vv VTHO 1.8V LVTTL: Vbbon/2 Vv
2.5V LVTTL: Vpoon/2 2.5V LVTTL: Vobon/2
Swi 1.8V/2.5V LVTTL Open Swi 1.8V/2.5V LVTTL Open
HSTL/eHSTL Closed HSTL/eHSTL Closed
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I°2C SERIAL INTERFACE CONTROL

The I2C interface permits the configuration of the IDT5T9891. The
IDT5T9891is aread/write slave device meeting Philips I2C bus specifications.
The I)C bus is controlled by a master device that generates the serial clock
SCLK, controlsbus access, and generatesthe START and STOP conditions
while the device works as a slave. Both master and slave can operate asa
transmitter and receiver but the master device determines which mode is
activated.

BUS CONDITIONS

Datatransferonthe bus canonly be initiated whenthe busis notbusy. During
datatransfer, the dataline (SDA) must remain stable wheneverthe clockline
(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
conditions are defined by the I2C bus protocol and are illustrated in figure 1.

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

STARTDATATRANSFER

Ahightolowtransition of the SDA line while the SCLK inputis highindicates
aSTART condition. Allcommandstothe device mustbe precededbya START
condition.

STOPDATATRANSFER

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

DATAVALID

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 changed only during the low period of the
SCLKsignal. Thereisone clock pulse perdatabit. Each datatransferisinitiated
by a START condition and terminated with a STOP condition.

ACKNOWLEDGE

When addressed, the receiving device is required to generate an
Acknowledge aftereach byteisreceived. 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. Setupand holdtimes mustbe takeninto account.

[2C BUS OPERATION

TheIDT5T9891 I2Cinterface supports Standard-Mode (100kHz) and Fast-
Mode (400kHz) datatransferrates. Dataistransferredin bytesin sequential
orderfromthe lowesttohighestbyte. After generatinga START condition, the
bus master broadcasts a 7-bit slave address followed by a read/write bit.

INDUSTRIAL TEMPERATURE RANGE

I12C ADDRESS
A7 A6 AS Ad A3 A2 AL
1 1 0 1 X X X

Address AOis the read/write bitand is setto ‘0’ for writes and ‘1’ for reads.
The ADDRO and ADDR1 tri-level pins allow the last three bits of the 7-bit
address to be defined by the user.

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
WRITE OPERATION

(see I°C Interface Definition for ProgWrite)

Toinitiate awrite operation (ProgWrite), the read/write bitis setto ‘0", During
the write operation, the firsttwo bytes transferred must be the Device Address
followed by the Command Code. Theinternal programmingregisters of the
deviceignore these firsttwo bytes. The subsequentbytes are the Data Bytes,
whichtotaltwelve. Alltwelve Data Bytes must be written into the device during
the write operation in order for the internal programming registers to be
updated. IfaSTOP conditionis generated before the 121" Data Byte, the internal
programming registers will remain unchanged to prevent an invalid PLL
configuration. An Acknowledge by the device between each byte mustoccur
before the next byte is sent. After the transfer of the 12" Data Byte, an
Acknowledge signal will be sentto the bus master afterwhichit will generate
a STOP condition. Once the STOP condition has occurred, the internal
programming registers of the device will be updated.

READ OPERATION
(see I12C Interface Definition for ProgRead)

Toinitiate aread operation (ProgRead), the read/write bitis setto‘1'. During
the read operation, there will be atotal of fourteen data bytes returned following
an Acknowledge of the device address. Thefirsttwo databytes are the ID Byte
andaReservedByte, inthatorder. The subsequentbytesare the same twelve
Data Bytes that were written during the write operation. The read back can

be terminated atany time by issuinga STOP condition.

12C ID BYTE
ID7 D6 D5 D4 ID3_ | ID2 | ID1 | IDO
0 0 0 0 0 1 1| 1
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EEPROMOPERATION
(see I°C Interface Definition for the EEPROM instructions)

TheIDT5T9891 canalsostore its configurationininternal EEPROM. The contents ofthe device’sinternal programming registers can be saved tothe EEPROM
by issuing a save instruction (ProgSave) and can be loaded back to the internal programming registers by issuing a restore instruction (ProgRestore). To
initiate a save orrestore, only two bytes are transferred. The Device Address isissued with the read/write bit setto ‘0’ followed by the appropriate Command
Code. The save orrestore instruction executes after the STOP conditionis received, during which time the IDT5T9891 will not generate Acknowledge bits.
The deviceis ready to acceptanew programming instruction once it Acknowledges its 7-hitaddress. The time ittakes for the save and restore instructions
to complete depends on the PLL oscillator frequency, Fvco. The restore time, TResTorg, and the save time, Tsave, can be calculated as follows:

Trestore =1.23X10°%Fvco  (mS)

TsavE = 3.09X10%Fvco+52  (mS)

In order for the save and restore instructions to function properly, the IDT5T9891 must not be in power-down mode (PD must be HIGH), and the PLL must
be enabled (PLL_EN must be LOW and Bit 57 = 0).

Onpower-up ofthe IDT5T9891, an automatic restore is performedto load the EEPROM contents into the internal programming registers. The auto-restore
will notfunction properly if the device is in power-down mode (PD mustbe HIGH). The device’s auto-restore feature will function regardless of the state of
the PLL_EN pinor Bit57. The IDT5T9891 will be ready to accept a programming instruction once it acknowledges its 7-bit I°C address. The time it takes
forthe device to complete the auto-restore is approximately 3ms.

PROGRAMMINGNOTES

Oncethe IDT5T9891 has been programmed either with a ProgWrite or ProgRestore instruction, the device will attempt to achieve phase lock using the new
PLL configuration. Ifthereisavalid REF and FBinput clock connected to the device and it does not achieve 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 all bits 95:0.
The PLL willremain atthe minimum frequency and will not achieve phase lock until after the automatic restore is completed. Ifthe outputs are enabled by the
nSOE pins, the outputs will toggle at the minimum frequency. If the outputs are disabled by the nSOE pins and the OMODE pinis setHIGH, the nQ and QFB
are stopped HIGH, while nQ and QFB are stopped LOW.

SCLK 1 /—/a— -

tSU:START [#=—>| |+ tHD:START ! ! tsu:sTOP [+

- i 3 I
SDA
)

Address or data Datacan !
START valid i change | STOP

tHIGH R F

SCLK

tHD:DATA

tSU:DATA

1SU:START |+ tsu:sToP

SDA IN

tBUF

tovD |[«—»| tovD |«—»

SDA OUT

Figure 1: I2C Timing Data
28
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I1°C INTERFACE DEFINITION

Device Address W Command Code Data

ProgWrite | S ‘ 7'b1101xxx | 0 | A | 8'bxxxxxx00 A Data Byte 1 (Bits 95 - 88) | A
M L M L Data Byte 2 A
S S S S Data Byte 3 A

B B B B
Data Byte 4 A
Data Byte 5 A
Data Byte 6 A
ID Byte: Data Byte 7 A

Part # ID
5T9891 00000111 Data Byte 8 A
Data Byte 9 A
Data Byte 10 A
Data Byte 11 A
Data Byte 12 (Bits 7-0) |A| P

Device Address R ID Byte
ProgRead | S | 7'01101xxx ‘ 1 | A 8'b00000111

Reserved Byte
Data Byte 1 (Bits 95 - 88)

Data Byte 2
Data Byte 3
Data Byte 4
Data Byte 5
Data Byte 6
Data Byte 7
Data Byte 8
Data Byte 9
Data Byte 10
Data Byte 11
Data Byte 12 (Bits 7 - 0)

> > >

Device Address W Command Code
ProgSave | S | 7'b1101xxx | 0 | A‘ 8'bxxxxxx01 | A | P|

Device Address W Command Code
ProgRestore | S | 7'b1101xxx | 0 | A| 8'bxxxxxx10 | A | P‘
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I12C BUS DC CHARACTERISTICS

Symbol Parameter Conditions Min Typ Max Unit
ViH Input HIGH Level 0.7 * Vop V
ViL Input LOW Level 0.3 * Vop V

Vhvs Hysteresis of Inputs 0.05 * Vop V
In Input Leakage Current +1.0 pA
VoL OutputLOW Voltage loL=3mA 04 \Y
I12C BUS AC CHARACTERISTICS FOR STANDARD MODE
Symbol Parameter Min Typ Max Unit
Fscik Serial Clock Frequency (SCLK) 0 100 KHz
tBUF Bus free time between STOP and START 47 us
tSU:START Setup Time, START 47 us
tHD:START Hold Time, START 4 us
tSU:DATA Setup Time, datainput (SDA) 250 ns
tHD:DATA Hold Time, datainput (SDA)® 0 us
tovo Output data valid from clock 345 us
Cs Capacitive Load for Each Bus Line 400 pF
R Rise Time, data and clock (SDA, SCLK) 1000 ns
tF Fall Time, data and clock (SDA, SCLK) 300 ns
tHIGH HIGH Time, clock (SCLK) 4 us
tlow LOW Time, clock (SCLK) 47 us
tsu:sToP Setup Time, STOP 4 us
NOTE:

1. A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Vinmin of the SCLK signal) to bridge the undefined region of the falling edge of
SCLK.

I12C BUS AC CHARACTERISTICS FOR FAST MODE

Symbol Parameter Min Typ Max Unit

Fscik Serial Clock Frequency (SCLK) 0 400 KHz
tBUF Bus free time between STOP and START 13 us
tSU:START Setup Time, START 0.6 us
tHD:START Hold Time, START 0.6 us
tSU:DATA Setup Time, datainput (SDA) 100 ns
tHD:DATA Hold Time, datainput (SDA)® 0 us
tow Output data valid from clock 0.9 us
Cs Capacitive Load for Each Bus Line 400 pF
R Rise Time, data and clock (SDA, SCLK) 20+0.1*Cs 300 ns
t Fall Time, data and clock (SDA, SCLK) 20+0.1*Cs 300 ns
tHIGH HIGH Time, clock (SCLK) 0.6 us
tLow LOW Time, clock (SCLK) 13 us
tsu:sToP Setup Time, STOP 0.6 us

NOTE:

1. A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Vinmin of the SCLK signal) to bridge the undefined region of the falling edge of
SCLK.
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JTAG INTERFACE

Five additional pins (TDI, TDO, TMS, TCLK and TRST) are provided to The Standard JTAG interface consists of four basic elements:
supportthe JTAG boundary scaninterface. The IDT5T9891 incorporatesthe ~ * TestAccess Port (TAP)

necessary tap controllerand modified pad cellstoimplementthe JTAG facility. ~ + TAP controller
Note thatIDT provides appropriate Boundary Scan Description Language . Instrucnor_\ Register (IR)
program files forthese devices. + Data Register Port (DR)

The following sections provide a brief description of each element. For a
complete descriptionrefertothe IEEE Standard Test Access Port Specification
(IEEE Std. 1149.1-1990).

—| Device ID Reg. ’—\'TE‘X
—| Boundary Scan Reg. I
0000
—| Bypass Reg.
TDO L
-—
TDI
—> -« >
TAP
™S — ap | CIKDR. ShiftbR
TCLK Controller UpdateDR
TRST ‘ | |
—»
. | Instruction Decode |
clkLR, ShiftLR
UpdateLR
Instruction Register |
Control Signals
Boundary Scan Architecture
TEST ACCESS PORT (TAP) THETAP CONTROLLER

The Tap interface is a general-purpose port that provides access to the The Tap controlleris asynchronous finite state machine that responds to

internal ofthe processor. It consists of fourinput ports (TCLK, TMS, TDI, TRST)  TMSand TCLK signals to generate clock and control signalstothe Instruction
and one output port (TDO). and Data Registers for capture and update of data.
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1 1
Test-Logic
Reset
0
R 1
0 1 1
Run-Test/ » Select- |—— | Select-
Idle »| DR-Scan IR-Scan
10 'O
1 1
Capture-DR Capture-IR

1o {0 10 ﬂ
Shift-DR Shift-IR

I Ly
1 1
»| Exitl-DR — L—» Exitl-IR
Vo ﬂ vo {o
Pause-DR Pause-IR
Ly
Exit2-DR Exit2-IR
vi 1y
Update-DR [ Update-IR
1] 1] ‘o

TAP Controller State Diagram

NOTES:
1. Five consecutive TCLK cycles with TMS = 1 will reset the TAP.
2. TAP controller must be reset before normal PLL operations can begin.

Refertothe |[EEE Standard TestAccess Port Specification (IEEE Std.1149.1)
forthe full state diagram

All state transitions within the TAP controller occur at the rising edge of
theTCLK pulse. The TMS signal level (O or 1) determines the state progression
thatoccurs oneach TCLK rising edge. The TAP controller takes precedence
over the PLL and must be reset after power up of the device. See TRST
description for more details on TAP controller reset.

Test-Logic-Reset Alltestlogicis disabled in this controller state enabling
the normal operation ofthe IC. The TAP controller state machine is designed
insuchaway that, no matterwhat the initial state of the controlleris, the Test-
Logic-Reset state can be entered by holding TMS at high and pulsing TCLK
five times. This is the reason why the Test Reset (TRST) pin is optional.

Run-Test-Idle Inthis controller state, the testlogicinthe IC is active only
if certain instructions are present. For example, ifaninstruction activates the
selftest, thenitwill be executed whenthe controller enters this state. The test
logicinthe ICisidles otherwise.

Select-DR-Scan Thisisacontroller state where the decision to enter the
Data Path orthe Select-IR-Scan state is made.

Select-IR-Scan This is a controller state where the decision to enter the
Instruction Pathis made. The Controller canreturnto the Test-Logic-Reset
State otherwise.

Capture-IR Inthis controller state, the shift register bankin the Instruction
Register parallelloads a pattern of fixed values on the rising edge of TCLK.
The last two significant bits are always required to be “01".

Shift-IR In this controller state, the instruction register gets connected
between TDland TDO, and the captured pattern gets shifted on eachrising
edge of TCLK. Theinstruction available onthe TDI pinis also shifted into the
instructionregister.

Exit1-IR Thisisacontroller state where adecision to enter either the Pause-
IR state or Update-IR state is made.

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

Exit2-DR Thisisacontroller state where a decision to enter either the Shift-
IR state or Update-IR state is made.

Update-IR Inthis controller state, the instructionin the instruction register
islatchedintothe latch bank ofthe Instruction Register on everyfalling edge
of TCLK. Thisinstruction also becomesthe currentinstruction onceitislatched.

Capture-DR Inthis controller state, the datais parallel loaded into the data
registers selected by the current instruction on the rising edge of TCLK.

Shift-DR, Exit1-DR, Pause-DR, Exit2-DR and Update-DR These
controller states are similar to the Shift-IR, Exit1-IR, Pause-IR, Exit2-IR and
Update-IR statesinthe Instruction path.
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THE INSTRUCTION REGISTER

The Instruction register allows aninstruction to be shifted in serially into the
processor at the rising edge of TCLK.

The Instruction is used to select the test to be performed, or the test data
register to be accessed, or both. The instruction shifted into the register is
latched atthe completion of the shifting process whenthe TAP controlleris at
Update- IR state.

Theinstruction register must contain 4 bitinstruction register-based cells
which canholdinstruction data. These mandatory cells are located nearestthe

serial outputsthey are the least significant bits.

TESTDATAREGISTER

The Test Data register contains three test dataregisters: the Bypass, the
Boundary Scan register and Device ID register.

Theseregisters are connected in parallel between acommon serial input
and acommon serial data output.

The following sections provide a brief description of each element. Fora
complete description, refertothe IEEE Standard Test Access Port Specification
(IEEE Std. 1149.1-1990).

TEST BYPASS REGISTER
Theregisteris used to allow test data to flow through the device from TDI
to TDO. It contains asingle stage shift register for a minimum lengthin serial

JTAG INSTRUCTIONREGISTER

The Instruction register allows instruction to be serially inputinto the device
whenthe TAP controllerisinthe Shift-IR state. The instructionis decoded to
performthe following:

« Selecttest dataregisters that may operate while the instruction is current.
The other testdata registers should notinterfere with chip operation and the
selected dataregister.

INDUSTRIAL TEMPERATURE RANGE

path. Whenthe bypass registeris 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 inresponse tothe BYPASS instruction.

THE BOUNDARY-SCAN REGISTER

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

THE DEVICE IDENTIFICATION 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 throughthe TAP inresponse tothe IDCODE instruction.

IDT JEDEC ID number is 0xB3. This translates to 0x33 when the parity is
dropped in the 11-bit Manufacturer ID field.

For the IDT5T9891, the Part Number field is 0X3A9.

JTAGDEVICE IDENTIFICATION
REGISTER

31(MSB) 28 27 1211 1 0(LSB)
Version (4 bits) Partnumber Manufacturer D 1
0X0 (16-bit) (11-bit)0X33

+ Define the serial test data register path thatis used to shift data between
TDIand TDO during data register scanning.

The Instruction Register is a 4-bit field (i.e.IR3, IR2, IR1, IR0) to decode
sixteen different possible instructions. Instructions are decoded as follows.

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
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The following sections provide a brief description of eachinstruction. Fora
complete description refertothe IEEE Standard Test Access Port Specification
(IEEE Std. 1149.1-1990).

EXTEST

Therequired EXTEST instruction places the IC into an external boundary-
testmode and selects the boundary-scan register to be connected between
TDIand TDO. Duringthisinstruction, the boundary-scan registeris accessed
todrive test data off-chip through the boundary outputs, and recieve testdata
off-chipthroughthe boundary inputs. As such, the EXTEST instructionisthe
workhorse of [EEE. Std 1149.1, providing for probe-less testing of solder-joint
opens/shorts and of logic cluster function.

SAMPLE/PRELOAD

Therequired SAMPLE/PRELOAD instruction allows the ICtoremainina
normal functional mode and selects the boundary-scanregisterto be connected
between TDIand TDO. During thisinstruction, the boundary-scanregister can
be accessed viaadata scan operation, to take a sample ofthe functional data
entering and leaving the IC.

IDCODE

The optional IDCODE instruction allowsthe IC toremaininitsfunctional mode
and selectsthe optional device identification register to be connected between
TDI and 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
withthe operation ofthe IC. Also, access to the device identification register
should be immediately available, viaa TAP data-scan operation, after power-
up of the IC or after the TAP has been reset using the optional TRST pin or
by otherwise moving tothe Test-Logic-Reset state.

PROGWRITE

The PROGWRITE instruction is for writing the IDT5T9891 configuration
datatothe device’svolatile programmingregisters. Thisinstruction selectsthe
programming register path for shifting data from TDIto TDO during dataregister
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 inthe last configuration bit,
Bit95, sixteen additional bits mustbe scannedin to place the configuration data
inthe properlocation. The last sixteen registersinthe programming path are
reserved, read-only registers.

PROGREAD

The PROGREAD instructionis for reading outthe IDT5T9891 configuration
datafromthe 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, and the first bit scanned out through TDO will be Bit 0 of the
configuration data.

PROGSAVE and PROGRESTORE (EEPROM OPERATION)

The PROGSAVE instruction is for copying the IDT5T9891 configuration
datafromthe device's volatile programming registers tothe EEPROM. This
instruction selects the BYPASS register path for shifting data from TDIto TDO
during dataregister scanning.

INDUSTRIAL TEMPERATURERANGE

The PROGRESTORE instructionisforloading the IDT5T9891 configuration
datafromthe EEPROM tothe device’s volatile programming registers. This
instruction selectsthe BYPASS register path for shifting datafrom TDIto TDO
during dataregister scanning.

During the execution ofa PROGSAVE or PROGRESTORE instruction, the
IDT5T9891 will notaccept anew programming instruction (read, write, save,
orrestore). Allnon-programming JTAG instructions will function properly, but
the user should wait untilthe save or restore is complete before issuinganew
programming instruction. Thetimeittakes forthe save andrestore instructions
tocomplete depends onthe PLL oscillator frequency, Fvco. Therestoretime,
TresTORE, and the save time, Tsavg, can be calculated as follows:

Trestore = 1.23X10%Fvco
TsAVE = 3.09X10%Fvco + 52

(mS)
(mS)

If a new programming instruction is issued before the save or restore
completes, the new instruction is ignored, and the BYPASS register path

remainsin effectfor shifting data from TDIto TDO during dataregister scanning.

Inorder forthe ProgSave and ProgRestore instructions to function properly,

the IDT5T9891 must not be in power-down mode (PD must be HIGH), and
the PLL must be enabled (PLL_EN =LOW and Bit 57 = 0).

On power-up ofthe IDT5T9891, an automatic restore is performed to load
the EEPROM contents into the internal programming registers. The auto-
restore will notfunction properly ifthe device is in power-down mode (PD must
be HIGH). The device's auto-restore feature will function regardless of the state
ofthe PLL_EN pinor Bit57. The time ittakes 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-bit 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-Impedanceinstruction sets all outputs (including two-state
aswellasthree-state types) ofan IC to a disabled (high-impedance) state and
selects the one-bit bypass register to be connected between TDland TDO.
During thisinstruction, data can be shifted throughthe bypass registerfrom 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
transferredthroughthe IC from TDIto TDO without affecting the operation of
thelC.
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PROGRAMMING NOTES

Oncethe IDT5T9891 has been programmed either with a ProgWrite or ProgRestore instruction, the device will attempt to achieve phase lock using the new
PLL configuration. Ifthereisavalif REF and FBinput clock connected to the device, and it does not achieve 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 all bits 95:0.
The PLL willremain atthe minimum frequency and will not achieve phase lock until after the automatic restore is completed. Ifthe outputs are enabled by the
nSOE pins, the outputs willtoggle atthe minimum frequency. Ifthe outputs are disabled by the nSOE pins, and the OMODE pinis sethigh, the nQ[1:0] and
QFB are stopped HIGH, while QFB is stopped LOW.

tTCLK

t1 t4w 2
TCLK ) -)‘ j\%&_/ﬁ ?I

N

TDI/TMS
tDS | tDH
TDO TDO
<+
6 too
TRST
t5
Standard JTAG Timing
NOTE:
t1 = treLkLow
2 = tTCLKHIGH
t3 = tTCLKFALL
t4 = tTCLKRISE
t5 = trsT (reset pulse width)
t6 = trsr (reset recovery)
JTAG
ACELECTRICALCHARACTERISTICS SYSTEM INTERFACE PARAMETERS
Symbol Parameter Min. Max. Units Symbol Parameter Min. Max. Units
treLk JTAG Clock Input Period 100 — ns o Data Output® — 20 ns
trcikHich | JTAG Clock HIGH 40 — ns tDoH Data OutputHold® 0 — ns
trcikiow | JTAG Clock Low 40 — ns tos Data Input, tRise = 3ns 10 — ns
treikrise | JTAG Clock Rise Time — 50 ns toH Data Input, traLL = 3ns 10 — ns
trekra, | JTAG Clock Fall Time — 50 ns NOTE:
tRsT JTAG Reset 50 — ns 1. 50pF loading on external output signals.
trRSR JTAG Reset Recovery 50 — ns
NOTE:

1. Guaranteed by design.
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RECOMMENDED LANDING PATTERN

10.20
B.0D
N
Jooooboogooounoy
TS —]
- -
33 =
— ]
— —
— —
— —
— —
8.20 [ —] G.00  10.20

] | ]
- —
0 — ]| —1
- ]
— ]
— —
] ]
= =1

ﬂDDDQ@@DDDDDDDDDDQ§$/

.50 .20 mnin.

8.30

NL 68 pin

NOTE: All dimensions are in millimeters.
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ORDERING INFORMATION

IDT  XXXXX XX X
Device Type Package Package

\— I -40°C to +85°C (Industrial)

NL Thermally Enhanced Plastic Very Fine
Pitch Quad Flat No Lead Package
NLG VFQFPN - Green

5T9891 EEPROM Programmable 2.5V Programmable
Skew PLL Differential Clock Driver
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