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P16C3Q991, PI6C3Q993

Features

PI6C3Q99x family providesfollowing products.
PI6C3Q991: 32-pinPLCCversion

PI6C3Q993: 28-pin QSOPversion

Inputsare 5V Tolerant

4 pairs of programmable skew outputs

L ow skew: 200ps same pair; 250psall outputs
Selectable positive or negative edge synchronization:
Excellentfor DSPapplications

Synchronous output enable

Input frequency: 3.75MHzto85MHz

Output frequency: 15MHzto 85MHz
2x,4x,1/2, and 1/4 outputs

3 skew grades:

PI6C3Q99x: tsk pwo<750ps

PI6C3Q99x-5: tsk pwo<500ps

PI6C3Q99x-2: tsk ewo<250ps

3-level inputsfor skew and PL L range control
PLL bypassfor DC testing

External feedback, internal loopfilter

12mA balanced drive outputs

Low Jitter: < 200pspeak-to-peak

Industrial temperature range

Packaging (Pb-freeand Greenavailable):
—32-pinPLCC

—28-pinQSOP

PinConfigurations

3.3V Programmable Skew PLL Clock Driver

SuperClock®

Description

ThePI6C3Q99x familyisa3.3V PLL-basedclock driver intendedfor
high-performance computing and data-communication applica-
tions. A key feature of the programmable skew is the ability of
outputsto lead or lag the REF input signal. The PI6C3Q991 has 8
programmable skew outputsin 4 banksof 2, whilethe PI6C3Q993
has 6 programmable skew outputs and 2 zero skew outputs. Skew
is controlled by 3-level input signals that may be hard-wired to
appropriateHIGH-MID-LOW levels.

Whenthe GND/sOE pinisheld LOW, all outputsaresynchronously
enabled. However, if GND/SOEisheld HIGH, all outputsexcept 3Q0
and 3Q1aresynchronously disabled. Furthermore, whentheV cco
/PE is held HIGH, all outputs are synchronized with the positive
edge of the REF clock input. When Vccgq /PE is held LOW, all
outputs are synchronized with the negative edge of REF. Both
deviceshave LVTTL 12mA balanced drive outputs.
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3.3V Programmable Skew PLL Clock Driver SuperClock®

L ogicBlock Diagrams
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Tablel.Pin Descriptions
Pin Name | Type Functional Description
REF IN | Reference clock input
FB IN | Feedback input
TEST® IN When TEST is held at MID level or HIGH level, the PLLi is disabled (except for conditions of Note 1). REF

goes to al outputs. Skew selections (see table 3) remain in effect. Set LOW for normal operation.

Synchronous output enable. When HIGH, it stops clock outputs (except 3Q0 and 3Q1) ina LOW dtate -
3Q0 or 3Q1 may be used as the feedback signal to maintain phase lock. When TEST is held at MID level
and GN D/SUEE—HGH, the nF [1:0] pins act as output disable controls for individual banks when nF [1.0] =
LL. Set GND/sOE LOW for normal operation.

Selectable positive or negative edge control. When LOW/HIGH outputs are synchronized with the

GND/SOE® | IN

Veco/PE IN negative/positive edge of the reference clock.
nF [1:0] IN | 3-level inputs for selecting 1 of 9 skew taps or frequency range.
FS IN | Selects appropriate oscillator circuit based on articipated frequency range. See Table 2
nQ [10] ouT (A)f u(t):tu?st banks of 2 outputs, with programmeable skew. On the PI6C3Q993 4Q[1:0] are fixed zero skew

Vcen PWR | Power supply for output buffers

Vceo PWR | Power supply for phase locked loop and other internal circuitry

GND PWR | Ground

Note:
1. When TEST = MID and GND/sOE = HIGH, the PLL remains active with nF[1:0] =LL functioning as an output disable control for the

individual output banks. See Table 3 for skew selections.
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P16C3Q991, PI6C3Q993

3.3V Programmable Skew PLL Clock Driver SuperClock®

ProgrammableSkew

Output skew with respect to the REF input i sadjustableto compen-
sate for PCB trace delays, backplane propagation delays or to
accommodaterequirementsfor special timing rel ationshi psbetween
clocked components. Skew isselectableasamultipleof timeunits
- ty which is of the order of ananosecond (see Table 2). There are
9skew configurationsavail ablefor each output pair. Theseconfigu-
rationsarechoosen by thenF[ 1:0] control pins. Inorder tominimize
the number of control pins, 3-level inputs (HIGH-MID-LOW) are
used, they areintendedfor but not restrictedtohard-wiring. Undriven
3-level inputsdefault totheMID level. Where programmabl e skew
isnotarequirement, thecontrol pinscan beleft openfor thezeroskew
default setting. The skew selection Table (Table 3) shows how to
select specific skew taps by using the nF[1:0] control pins.

Exter nal Feedback

By providingexternal feedback, the PI6C3Q99X family givesusers
flexibility withregardtoskew adjustment. TheFB signal iscompared
withtheinput REF signal at the phase detector in order to drive the
V co. Phase differences causes the V co of the PLL to adjust up or
downaccordingly. Aninternal loopfilter moderatestheresponse of
the V co to the phase detector. Theloop filter transfer function has
been chosento provideminimal jitter (or frequency variation) while
still providing accurate responses to input frequency.

Table2. PLL Programmable Skew Rangeand Resolution Table

FS=LOW FS=MID FS = HIGH
Timing unit calculation (ty) 1/(44xFnow) 1/(26xFnov) 1/(16xFnov)
Voo frequency range (Faow) @2 15 to 35 MHz 25 to 60 MHz 40 to 85 MHz
Skew adjustment range® 19.09°ns 19.230ns 19.38213
Max. adjustment +49 +83 +135

+14% +23% +37%

Example 1, Fyov = 15 MHz tu= 1.52ns
Example 2, Fnov = 25 MHz tu= 0.91ns tu= 1.54ns
Example 3, Fnov = 30 MHz ty= 0.76ns tu= 1.28ns
Example 4, Fnov = 40 MHz tu= 0.96ns tu= 1.56ns
Example 5, Fnov = 50 MHz tu= 0.77ns tu= 1.25ns
Example 6, Fnow = 80 MHz ty= 0.78ns

Notes:

2. Thedevice may be operated outside recommended frequency ranges without damage, but functional operation is not guaranteed.
Selecting the appropriate FS value based on input frequency range allows the PLL to operate in its ‘ sweet spot’ wherejitter is

lowest.

3. Thelevel on FSisdetermined by the nominal operating frequency of the Vco and Time Unit Generator. The Vco
frequency appears at 1Q[1:0], 2Q[1:0], and the higher outputs when they are operated in undivided modes. The
frequency appearing at REF and FB inputs are the same as the VVco when the output is connected to FB undivided.
The frequency of the REF and FB inputs are 1/2 or 1/4 the V co frequency when the part is configured for frequency

multiplication by using a divided output as the FB input.

4. Skew adjustment range assumes that a zero skew output is used for feedback. If a skewed Q output is used for feedback, then
adjustment range greater. For example if a4ty skewed output is used, al other outputs will be skewed by
—4ty in addition to whatever skew value is programmed for those outputs. Max adjustment range applies to output pairs
3 and 4 where +6ty skew adjustment is possible and at the lowest Fnowm value.
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Table3. Skew Selection Tablefor Output Pairs

PI16C3Q991, PI6C3Q993
3.3V Programmable Skew PLL Clock Driver SuperClock®

nF1:0 Skew (Pair #1, #2) Skew (Pair #3) Skew (Pair #4)®
LL® —4ty Divide by 2 Divide by 2
LM =3ty —6ty —6ty
LH —2tu 4ty A4ty
ML =1ty —2ty 2ty
MM Zero skew Zero skew Zero skew
MH +1ty +2ty +2ty
HL +2ty +4ty +4ty
HM +3ty +6ty +6ty
HH +4ty Divide by 4 Inverted®

Notes:
5. Programmable skew on pair #4 is not applicable for the PI6GC3Q993.
6. LL disables outputsif TEST = MID level and GND/SOE = HIGH.

7. When pair #4 is set to HH (inverted), GND/SOE disables pair #4 HIGH when Vccq /PE = HIGH, GND/SOE disables pair #4 LOW when

Vceo /PE=LOW

Table4. AbsoluteM aximum Ratings

Supply Voltageto Ground .........cccceceveveereereereenennnns -0.5Vto7.0v
INPUE VOITAZE ...veeeeeeeee e -0.5Vto7.0v
Maximum Power Dissipationat Ta =85°C,PLCC ....... 0.80watts

QSOP....... 0.66 watts
Torg Storage TEMPErature .......cooceveveerveneeneeieenns —65°Ct0150°C

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. These ratings are
stress specifications only and functional operation of the de-
vice at these or any other conditions above those listed in the
operational sectionsof the specificationsisnot implied. Expo-
sureto absol ute maximum rating conditionsfor extended peri-
ods may affect product reliability.

Table5. Recommended OperatingRange

PIBC3QUOX/PIBC3QU9X-5 | ' O3 FOSaRovx-2
Symbol Description (Industrial) (Commercial) Units
Min. M ax. Min. M ax.
Vce Power Supply Voltage 3.0 3.6 3.0 3.6 Vv
Ambient Operating o
Ta Temperature 40 85 0 70 C
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Table6. DC CharacteristicsOver Operating Range

Symbol Parameter Test Condition Min. M ax. Units
Guaranteed Logic HIGH
\ Input HIGH Volt 2.0 55
IH P ottege (REF, FB inputs only)
Guaranteed Logic LOW
\ Input LOW Volt . -0.5 0.8
It P oltage (REF, FB inputs only) v
VibH | Input HIGH Voltage® 3-Level Inputs only Vce-0.6
Vimm | Input MID Voltage® 3-Level Inputs only Vee /2-0.3 | Ve /240.3
ViLL | Input LOW Voltage® 3-Level Inputs only 0.6
|I | Input Leakage Current ViN = Vccor GND, .
IN (REF, FB inputs only) Vce = Max.
HIGH level 200
o 3-Level Input DC Current ViN = Ve or GND, o L;\/’; -
3 ) _ UA
(TEST, FS, nF1:0) Vce = Max. LOW Level 200
||Pu| Input Pull-Up Current (Vecg /PE) | Vec = Max, Vi = GND 100
lipp| | Input Pull-Down Current (GND/SOE) | Ve = Max, Vin = Ve 100
VoH |Output HIGH Voltage Vce = Min, loq= -12mA 2.2
\%
VoL |Output LOW Voltage Vce = Min, loL= 12mA 0.55
Table7.Power Supply Characteristics
Symbol Parameter Test Conditions Typ. | Max. | Units
Quiescent Power Supply Vce = Max, TEST = Mid., REF = LOW,
lcco — 8.0 15 mA
Current GND/sOE = LOW, All outputs unloaded
Power Supply Current per
| Vce = Max VN = 3.0V 1.0 30 A
Alcen Input HIGH® cc IN H
Dynamic Power Supply Current pHA/
I \ = Max C = OpF 55 125
€D per output® cc L= MHz
Ic Total Power Supply Current®) | Ve = 3.3V, Frer = 20MHz, Cp =160pF(10) 29
Ic Total Power Supply Current® | Ve = 3.3V, Fre F =33MHz, C, =160pF(10) 42 mA
lc Total Power Supply Current® | Ve = 3.3V, Frer =66MHz, C. =160pF(10) 76
Notes:

8. Inputsare wired to Vcc , GND, or unconnected. Internal termination resistors bias unconnected inputs to Vcc/2. If inputs are switched, the
function and timing of the outputs may glitched, and the PLL may require additional time before datasheet specifications are achieved.

9. Guaranteed by characterization but not production tested.

10. For 8 outputs each loaded with C = 20pF.
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3.3V Programmable Skew PLL Clock Driver SuperClock®

Table8. Capacitance (Ta=25°C,f=1MHz,ViN=0V)

QSOP PLCC )
Units
Typ. M ax. Typ. M ax.
CnN 4 6 5 7 pF
Vee
150Q %
Output © J_
150Q % I 20pF
<ins <lns torise toraLL
S.OV — [ — «—
2.0V N\
Vth=1.5V \\
0.8V
ov
LVTTL Input Test Waveform LVTTL Output Waveform

Figurel. AC Test Loadsand Wavefor ms
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3.3V Programmable Skew PLL Clock Driver SuperClock®

Table9. SwitchingCharacteristicsOver Oper atingRange

PI6C3Q991-2 PI6C3Q991-5 PI6C3Q991
Description PI6C3Q993-2 PI6C3Q993-5 PI6C3Q993 Unit
Symbol Min. ‘ Typ. ‘ Max. | Min. ‘ Typ. ‘ M ax. Min. ‘ Typ. ‘ Max.
Fnom | Veo frequency range see Table 2 see Table 2 see Table 2
trewn | REF pulse width HIGH®D 3.0 3.0 3.0
trewl | REF pulse width LOW®D 3.0 3.0 3.0 ns
ty Programmable skew time unit see Table 3 see Table 3 see Table 3
tskewPr | Z€ro output matched-pair skew (xQO, xQ1)(1-1213) 0.05 | 020 0.1 0.25 0.1 0.25
tskewo | Zero output skew (all outputs) C. = OpF1-14) 0.1 0.25 0.25 05 0.3 0.75
tsewt  |Output skew (rise-rise, fall-fall, same class outputs)19) 025 | 050 0.6 0.7 0.6 1.0
tskewz  |Output skew (rise-fall, nominal-inverted, divided- divided™-1%) 0.30 1.2 05 1.2 1.0 15
tskews  |Output skew (rise-rise, fall-fall, different class outputs) 1% 025 | 050 05 0.7 0.7 1.2
tskewa  |Output skew (rise-fall, nominal-divided, divided inverted@:15) 050 | 090 05 1.0 1.2 17
toev | Device-to-device skew(1216) 0.75 1.25 1.65 ns
top  |REF input to FB propagation delay®1%) -0.25 0 025 | —05 0 05 0.7 0 0.7
topcy  |Output duty cycle varation from 50%Y) -1.2 0 12 | -1.2 0 1.2 -1.2 0 1.2
twy  |Output HIGH time deviation from 50%4(1:19) 2.0 25 3.0
towL  |Output LOW time deviation from 50%(1:20) 15 3.0 35
torise | Outpt rise time 0.15 1.0 15 | 015 | 1.0 15 015 | 15 2.5
toraLL  |Output fall time®® 0.15 1.0 15 | 015 1.0 15 015 | 15 25
tlock  |PLL lock time17) 05 05 05 ms
tgr  |Cycle-to-cycle output jittert™) RMS » © “ ps
Peak-to-peak 200 200 200

Notes:

11.  All timing tolerances apply for Fnowm = 25MHz. Guaranteed by design and characterization.

12.  Skew isthe time between the earliest and the latest output transition among all outputs for which the same ty delay
has been selected when all are loaded with the specified load.

13. tskewer isthe skew between a pair of outputs (xQO and xQ1) when all eight outputs are selected for Oty.

14. tskewo is the skew between outputs when they are selected for Oty.

15. There are 3 classes of outputs: Nomina (multiple of ty delay), Inverted (4Q0 and 4Q1 only with 4F0 = 4F1 = HIGH),
and Divided (3Qx and 4Qx only in Divide-by-2 or Divide-by-4 mode).

16. tpev isoutput-to-output skew between any two devices operating under the same conditions (Vcc , ambient temperature,
air flow, etc.)

17. tLock istimerequired before synchronization is achieved. This specification isvalid only after Ve is stable & within
normal operating limits. This parameter is measured from the application of anew signal or frequency at REF or FB until tpp is
within specified limits.

18. tpp ismeasured with REF input rise and fall times (from 0.8V to 2.0V) of 1.0ns.

19. Measured at 2.0V.

20. Measured at 0.8V.

21. Refer to Tablel0 for more detail.
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Tablel0.Input TimingRequirements?

Symbol Description Min. M ax. Units
tr, tF Maximum input rise and fall times, 0.8V to 2.0V 10 ns/\V
tpwe Input clock pulse, HIGH or LOW 3 ns

Dy Input duty cycle 10 90 %
Notes:
22. Input timing requirements are guaranteed by design. Where pulse width implied by Dy isless than tpywc limit,
tpwe limit applies.
tREF “— tRPwWL —
7 “ RPWH
REF_/ /_\_
tpp < topey »l« topey -
FB
o/ N\ 4
t
sewer | —| | —tSEwo
Other Q / \ ,
tSKEW2—
Inverted Q_\_/_\\I
ISKEW3.4 —| |«  [SKEW3,4 —| |«— —| [ tskEws 4
REF Divided by 2 \ 74 1\
Y / \N / AN
tSKEW1,3,4 —>| |«— —1 [ tskEw2,4
\ /o
REF Divided by 4 \\\ 1/
Figure2. ACTimingDiagram
Notes:
Vce/PE: The AC timing diagram above appliesto V ccq/PE=V cc. For Vccqo/PE=GND, the negative edge of FB aligns with the negative edge

Skew:

tSKEWPR:
tsKEWO:
tDEV:

tobcv:

tLock:

tPwH
tPwL

of REF, divided outputs change on the negative edge of REF, and the positive edges of the divide-by-2 and the divide-by-4 signals
dign.
The time between the earliest and the latest output transition among all outputs for which the same ty delay has been selected when
al are loaded with 20pF and terminated with 750hmsto Vcc/2.
The skew between a pair of outputs (xQ0 and xQ1) when all eight outputs are selected for Oty.
The skew between outputs when they are selected for Ot U.
The output-to-output skew between any two devices operating under the same conditions (V cc, ambient temperature,

air flow, etc.)

The deviation of the output from a 50% duty cycle. Output pulse width variations are included in tsk w2 and tskewa specifications.
Thetime that is required before synchronization is achieved. This specification is valid only after Vcc is stable and within normal
operating limits. This parameter is measured from the application of anew signal or frequency at REF or FB until tpp iswithin
specified limits.

ismeasured at 2.0V.

ismeasured at 0.8V.

torISE & toFALL

are measured between 0.8V and 2.0V.
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PackagingM echanical: 32-PinPLCC
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PackagingM echanical: 28-Pin QSOP
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Orderinglnformation

Ordering Code Package Code Package Type Operating Range
PI6C3Q991J J 32-Pin PLCC
PI6C3Q991-2J J 32-Pin PLCC Commercial
PI6C3Q991-5J J 32-Pin PLCC
PI6C3Q991-1J J 32-Pin PLCC
PI6C3Q991-51J J 32-Pin PLCC Industrial
PI6C3Q991-51JE J Pb-free & Green 32-Pin PLCC
PI6C3Q993-2Q Q 28-Pin QSOP )
Commercial
PI6C3Q993-5QE Q Pb-free & Green 28-Pin QSOP
PI6C3Q993-1Q Q 28-Pin QSOP
- Industrial
PI6C3Q993-51Q Q 28-Pin QSOP

Notes:
» Thermal characteristics can be found on the company web site at www.pericom.com/packaging/
* E=Pb-free& Green
* X suffix = Tape/Reel

Pericom Semiconductor Corporation e 1-800-435-2336 ¢ http://www.pericom.com
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