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Advanced Information

Frequency Generator & Integrated Buffers for PENTIUM™

General Description

The ICS9147-13 generates all clocks required for high
speed RISC or CISC microprocessor systems such as Intel
PentiumPro. Two bidirectional I/O pins (FS1,FS2) are latched
at power-on to the functionality table, with FSO selectable
in real-time to toggle between conditions. The inputs
provide for tristate and test mode conditions to aid in
system level testing. These multiplying factors can be
customized for specific applications. Glitch-free stop
clockcontrols are provided for CPU clocks and BUS clocks.

High drive BUS and SDRAM outputs typically provide
greater than 1 V/ns slew rate into 30pF loads. CPU outputs
typically provide better than 1V/ns slew rate into 20pF
loads while maintaining 50 £5% duty cycle. The REF clock
outputs typically provide better than 0.5V/ns slew rates.
Seperate buffers supply pins VDD2 allow for 3.3V or
reduced voltage swing (from 2.9 to 2.5V) for CPU (1:4) and
IOAPIC outputs.

Block Diagram

Features

+  Four copies of CPU clock
* Six SDRAM (3.3 V TTL), usable as AGP clocks

» Seven copies of BUS clock (synchronous with CPU
clock/2 or CPU/2.5 for 75 and 83.3 MHz CPU)

* CPU clocks to BUS clocks skew 1-4ns (CPU early)
»  One IOAPIC clock @14.31818 MHz

* Three copies of Ref. clock @14.31818 MHz

*  One each 48/24 MHz (3.3 V TTL)

*  This device is configured into the Mobile mode for
power management of Intel 430 TX

* Ref 14.31818 MHz Xtal oscillator input
*  Separate 66/60 MHz select pin (LSB of select pins)

»  Separate Vpp for four CPU and single IOAPIC output
buffers to allow 2.5V output (or Std. Vdd)

» Power Management Control Input pins
* 3.0V - 3.7V supply range w/2.5V compatible outputs
*  48-pin SSOP package

Pin Configuration
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Pin Descriptions

PIN NUMBER PIN NAME TYPE DESCRIPTION
1 REF2 OUT |Reference clock output*
FS2 IN Logic input frequency select Bit 2*
’ REF1 OUT [Reference clock output*
FS1 IN Logic input frequency select Bitl*
3,10, 17’4234’ 31,37, GND PWR |Ground.
4 X1 IN Crystal input. Nominally 14.318 MHz. Has internal load cap.
5 X2 OUT  |Crystal output. Has internal load cap and feedback resistor to X1.
7, 15, 28, 34 VvDD3 PWR  [3.3V T/O power supply, BUS and SDRAM buffer supply.
8,9,11,12,13,14,16 |BUSF, BUS(1:6) OUT  [BUS clock outputs. see select table for frequency

18 FSO IN Select pin for enabling 66.6 MHz or 60 MHz, or other selections in

frequency select table. Has pullup to VDD
21, 25,48 VDD PWR  [Core power supply, and fixed clock power.
22,23 48, 24MHz OUT 148, 24MHz clock outputs

2 BUSSTOP# IN Input pin to synchronously stop all BUS (1:6) clocks when pin is low.
Has pullup to VDD

27 CPUSTOP# IN ?nput pin to synchronously stop all CPU and SDRAM clocks when pin
is low. Has pullup to VDD

36, 35, 33, 32, 30, 29 |SDRAM (1:6) OUT lS’)]l)l\ll.t]\bl\gla;:locks at CPU speed. See select table for frequency. Powered
2.5V Power Supply for CPU and IOAPIC buffers, can be tied to
40, 46 VDD2 PWR VDD3 for 3.3V operation
41, 42, 39,38 CPU (1:4) OUT |CPU clock output clocks .See select table for frequency

a4 PD# IN Power down logic control input. When low, powers off both PLL and
all outputs forced to logic low. Has pullup to VDD

45 IOAPIC OUT IOAPIC clock output (Freq=14.318 with nominal crystal) Powered by
VDD2 supply

6, 19, 20 N/C — Pins not internally connected.
47 REF3 OUT |Reference clock output.

* Bidirectional input/output pins, in
Hi to VDD or GND for logic low.

put logic levels are latched at internal power-on-reset. Use 10Kohm resistor to program 1 gic
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Functionality
pps | CPU- | BUS- | Es» | Es;» | Eso S%‘;‘lid(l(‘l":k) BUS 09| asmmz | 24 M2 RNy
STOP# | STOP# | (at REF2) | (at REF1) | (pin 18) (MHz) (MHz) (MHz) | (MHz) (MHz)
1 1 1 0 0 0 60 30 48 24 14.318
1 1 1 0 0 1 66.6 33.3 48 24 14.318
1 1 1 0 1 0 50 25 48 24 14.318
1 1 1 0 1 1 55 27.5 48 24 14.318
1 1 1 1 0 0 75 30 43 24 14.318
1 1 1 i 0 1 83.3 3.3 48 24 14.318
1 1 1 1 1 0 REF/2 REF/4 REFR2 REF/4 REF
1 1 1 1 1 1 Tristate Tristate Tristate | Tristate Tristate
LOW LOW LOW
0 ! ! X X X pof | 0% | pLos | OV | oscof
1 0 1 X X X LOwW running | running | running running
1 1 0 X X X running LOW running | running running

Note a: These frequency selections are at CPU/2.5 (internal VCOQ/S), not synchronous CPU/2
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CPUSTOP# Timing Diagram

CPUSTOP# is an asychronous input to the clock synthesizer. It is used to turn off the CPU clocks for low power operation.
CPUSTOP# is synchronized by the 1CS9147-13. All other clocks will continue to run while the CPU and SDRAM clocks
are disabled. The CPU and SDRAM clocks will always be stopped in a low state and start in such a manner that guarantees
the high pulse width is a full pulse. CPU clock on latency is 0 to 1 CPU clocks and CPU clock off latency is 0 to 1 CPU

clocks.

INTERNAL L_ <

CPUCLK

]
BUS (1:6) ] va
CPUSTOP# / / / / / \\\\ }/7
/ /

BUSSTOP# High
High
PD# \ 9
CPUCLK (1:4) I——l l—l L-I l-l‘
SDRAM (1:6)

Notes:

1. All timing is referenced to the internal CPU clock.

2. CPUSTOP# is an asynchronous input and metastable conditions
may exist. This signal is synchronized to the CPU and SDRAM
clocks inside the 1CS§9147-13.

3. All other clocks continue to run undisturbed.

4. PD# and BUSSTOP# are shown in a high (true) state.

BUSSTOP# Timing Diagram

BUSSTOP# is an asynchronous input to the ICS9147-13. It is used to turn off the BUS (1:6) clocks for low power
operation. BUSSTOP# is synchronized by the ICS9147-13 internally. BUS (1:6) clocks are stopped in a low state and
started with a full high pulse width guaranteed. BUS (1:6) clock on latency cycles are less than 4 CPU clocks and BUS
(1:6) clock off latency is less than 4 clocks.

(Drawing shown on next page.)
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INTERNAL
CcPU

INTERNAL ‘_#
BUS

CPUSTOP# === ——— = ===~ ——— === ——— e —\——=——— High

BUSSTOP# /1] AN

PD# A High

BUS (1:6)# \ /
Notes:

L. All timing is referenced to the Internal BUS clock (defined as inside the 1CS9147 device.)

2. BUSSTOP# is an asynchronous input, and metastable conditions may exist. This signal is required to be
synchronized inside the 1CS9147.

3. All other clocks continue to run undisturbed.
4. PD# and CPUSTOP# are shown in a high (true) state.

PD# Timing Diagram

The power down selection is used to put the part into a very low power state without turning off the power to the part.
PD# is an asynchronous active low input. This signal is synchronized internal by the 1CS9147-13 prior to its control
action of powering down the clock synthesizer. PD# is an asynchronous function for powering up the system. Internal
clocks will not be running after the device is put in power down state. When PD# is active (low) all clocks are driven to
a low state and held prior to turning off the VCOs and the Crystal oscillator. The power on latency is guaranteed to be
less than 3mS. The power down latency is less than three CPU clock cycles. BUSSTOP# and CPUSTOP# are don’t care
signals during the power down operations.

INTERNAL

CPUCLK 7{/ { [ LML

"BUs (115 4 LI LT
o ANNNAN y//744

craen “ gigigipl

SDRAM (1:6) =

BUS (1:6) J Ve L
INTERNAL
VCOs /{/{
INTERNAL
CRYSTAL OSC. /{/L

Notes:

1. All timing is referenced to the Internal CPU clock (defined as inside the 1CS9147 device).

2. PD# is an asynchronous input and metastable conditions may exist. This signal is synchronized inside the 1CS9147.
3. The shaded sections on the VCO and the Crystal signals indicate an active clock is being generated.
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Absolute Maximum Ratings

Supply Voltage
Logic Inputs

Ambient Operating Temperature
Storage Temperature

0°C to +70°C
—65°C to +150°C

GND 0.5 Vto Vpp +t0.5 V

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 device at these or any other conditions above those listed
in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect product reliability.

Electrical Characteristics at 3.3V
Vop = 3.0 - 3.7V, Ta = 0 —70°C unless otherwise stated

N

R

DC Characteristics

PARAMETER SYMBOL TESTEONDITIONS 7% “MIN SJAYPN [/ MAX UNITS
Input Low Voltage ViL Latched ig,pufs’can’iklfi}llbtime inputs f i Y \‘, - M\\M/ 0.2Vop v
Input High Voltage VH Latched(fnﬁpt‘?yinAFﬁﬂtime inpﬁﬁ\\t‘ 0.7Vop |\ e’ - \4
Input Low Current I an;,r()y\:‘(ﬁélltlméa inputs) \\ -28’:6;:‘;‘* \\TQS - HA
Input High Current In VfN;éVBﬁqulhfme inputs‘ivf\\ f{S.G\V/Q - 5.0 pA

Tola 1VoL=0.8Y; CPU, SDRAMVopr£ 33V | 190\ Y 300 - mA
Output Low Current ToLin, ¢ [ Vora U8V; CPU, VDD2' 225V 700, | 300 mA
i Iodia ™\ "KVoH: 2.0V; CPY, SDRAM; Vopz = 33V | o -26.0 -16.0 mA
Output High Current = '
tput Hign Curren , Torn~[Von = 2.0y2CRUs.Vobz= 25V L |} ) 125 95 mA
Output Low Current |/ 10127/ VoL = 08V, forfixed 24, 48, BUS, REF-..|” 16.0 25.0 - mA
Output High Current <L\ Mow3,) [ vox £ X0V Aor fixed 24, 48, BYS,'REF mA
Output Low Current Torsa | VOb=0:8V3OAPIC; yméggv} ] mA
lowss /| Vel = 0.8V} IOAPIC, V2 =25V NS mA
] Tonsa - i |.Vor'=12.0V for IOAPIC at Vppz = 3.3%0\ ) mA
h —e =
Output High Current Tow%” s [NGi2 2.0V; IOAPIC; VDD Z 2.5V < mA
17/ {ToL = 10mA? €RUL SDRAM;VDp: =33V , v
tput Low Volta . : - :
Qutput Low Voltage - |~ Vouisn | ToL = 10RAY CPUNDDZ=2.5YC S A far v
, N 6ia | Ton = {10mA;{CPU, SDRAM; Vob = 33V v
Output High Volt 2, el e
o Hieh Vol N [106 2 J0nACGPU, VDSV - v
Output Low Voltage~—|” / /Vorz NG/ 8mA; for fixed CLKS 4~ K v
Output High Voltage “}-" Vomz “\[Toin="8tA; for fixed CLKs N4 i v
VOL3a, ngi = 10mA; for IOAPIC at Vo2= 3.3 o \%
Low V. _— i
Output Low Voltage _Nol3 ot = 10mA; IOAPIC; VDD2 = 2.5V, -\ v
_ \Voiiga /| Ton = -10mA,; for IOAPIC at Vépz=3.3V %
Output High Volt :
put FIER Voltage Vo~ | Ton = -10mA; IOAPIC; Voop =25V . v
Supply Current .. Ibb @66.6 MHz; all outputsinloaded - 120 180 mA
Supply Current £ ¢ TIbpep Power Down 4 300 500 HA
(L

Note 1: Parameter is:gﬁ}a{anteed by design and characterization. Not 100% tested in production.
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Electrical Characteristics at 3.3V
Vpp =3.0-3.7V, Ta = 0-70°C unless otherwise stated

AC Characteristics

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
e 4 20pF load, 0.8 to 2.0V A %
Rise Time Trla CPU: VDD = 3.3V 0.9 4 i} A ns
. <
Rise Time' Triv é%%? 182%28@:0225.? vk\§ %WW ns
Fall Time'? Tn 20pF lodd,2.0 to 0.8V CPU; ", - ~ 0.8, ;14 ns
Rise Time' Tr2 30pE-dodd"SDRAM 0.8 t0 2.0V \ % - e L 16 ns
Fall Time' T 30pB-load SDRAM 2.0 0. 08V, J - 0.9 1.5 ns
Rise Time! ) 30pE104d BUS 0.8 10,20V, - NNre” 2.0 ns
Fall Time' TB f%ﬂbE go d BUS 2.0 16 .8V~ [N BN 1.9 ns
. pE toad, 0.8 to ZOW, \\\} N
13
Rise Time Trs (( REF2, &TOAPIC Q\ \/ 0.83 1.4 ns
Rise Time' /27@\\ VDEI{OfZgé }Q\WV AFIC wi N\f 22 2.6 ns
Fall Time'? \iné} B R Y o {/ (“’ QK} - 0.81 13 ns
Rise Time! / Vg/‘l‘g ‘799% :; 3 meﬁ«S’ t0 2.0V IOAF 1.6 20 ns
NN KV ?K 45p‘F 20t {) W“R{sm
1
Fall Time Tis Q\ DD.= 3.3V }\ ! A ns
Duty Cycle! D" 7 '}20pFdoad @ VOUT=1 4V K %
Jitter, Cycle to Cycle! Tiéc gBU VDD2=43.00 3.7V NN ps
. . PU; Load=20pF, N
Jitter, One Sigma'* 7 ,ﬁ@ﬁ SDRA 7 BUS Ciotas Loaé@OpF ‘ ps
. R =20pF, ) o
1,2 . -,
Jitter, Absolute m;«\@ g? US Clockﬁ.(c{> 3Qp.§, ps
. . < F F2, 4 /24NHz Iééad\sizo’pF )
1 A _— i
Jitter, One Sigma /"‘%\ Tits2 F1 G = 47pF. <\ / \\\, vap %
. TN ] é WA%/?AMHZ\ Load—z N <
Jitter, Absolute' {\% Tjagz’/ TCL = 47DF‘ k¢ v ) {\i o~ %
Input Frequency’ 4 N < S - Z MHz
Logic Input Capacitance! Cin_ ™ Fogic input pins o - 5 - pF
Crystal Oscillator Capacitance' Cx | X1, X2 pins - 18 - pF
. ..’ | From VDD=1.6V to 1st cref
t 4 .
Power-on Time < % 66.6 MHz VDD supply l:ampi[ 40ms 2.5 4.5 ms
T CPU to CPU; Load=20pE: @1.4V
Clock Skew! " ~ Ta (Sume VDD) <\9}“\\/ . 150 250 ps
Clock Skew! Ny \/ Tsk2 BUS to BUS; Load220pF: @1.4V - 300 500 ps
12 {::ff*"“” CPU to BUS; Load=20pF; @1.4V
Clock Skew {: m Tsks (CPU is early) 1 2.6 4 ns
7 SDRAM (@3.3V) to CPU (@2.5V)
Clock Skew!' Tska 2.5V CPU is late) 250 400 ps

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.

Note 2: Includes VDD2 = 2.5V
Note 3: VDD3 =33V
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Shared Pin Operation -
Input/Output Pins

Pins 1 and 2 on the ICS9147-13 serve as dual signal
functions to the device. During initial power-up, they act
as input pins. The logic level (voltage) that is present on
these pins at this time is read and stored into a 4-bit
internal data latch. At the end of Power-On reset, (see AC
characteristics for timing values), the device changes the
mode of operations for these pins to an output function. In
this mode the pins produce the specified buffered clocks
to external loads.

To program (load) the internal configuration register for
these pins, aresistor is connected to either the VDD (logic 1)
power supply or the GND (logic 0) voltage potential. A 10
Kilohm(10K) resistor is used to provide both the solid CMOS
programming voltage needed during the power-up
programming period and to provide an insignificant load on
the output clock during the subsequent operating period.

Figs. 1 and 2 show the recommended means of implementing
this function. In Fig. 1 either one of the resistors is loaded
onto the board (selective stuffing) to configure the device’s
internal logic. Figs. 2a and b provide a single resistor
loading option where either solder spot tabs or a physical
jumper header may be used.

These figures illustrate the optimal PCB physical layout
options. These configuration resistors are of such a large
ohmic value that they do not effect the low impedance clock
signals. The layouts have been optimized to provide as little
impedance transition to the clock signal as possible, as it
passes through the programming resistor pad(s).

Test Mode Operation

The ICS9147-13 includes a production test verification
mode of operation. This requires that the FSO and FS1 pins
be programmed to a logic high and the FS2 pin be
programmed to a logic low(see Shared Pin Operation
section). In this mode the device will output the following
frequencies.

Pin Frequency
REF, IOAPIC | REF
48MHz REF/2
24MHz REF/4
CPU,
SDRAM REF/2
BUS (1:6) REF/4

Note: REF is the frequency of either the crystal connected
between the devices Xland X2 or, in the case of a device
being driven by an external reference clock, the frequency
of the reference (or test) clock on the device’s X1 pin.

;

Viato_,
VDD
Logic 1
Programming Terminating
Resistor Resistor
Device LAAAAA
Pad Clock Trace

«—— Logic Programming

Resistor
Via to @
GND
Fig. 1
8
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——————— — ~ Programming
VDD. _@ @l Header
Comitted™
Pad  ——=-H-- -*\
Ground
Programming b Comitted Pad
Resistor 1;
Devié:e N A
Pa T Clock Trace
Terminating
Resistor
Fig. 2a
PCB Copper
Solder Blob P
Power  Configuration ower
Comitted Pads Comitted
PCB VIA
PCB VIA
v <\ ¥
e HDE
s
3
Device A A
Pad 4 Clock Trace
Terminating
Resistor
Fig. 2b
9
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Recommended PCB Layout for ICS9147-13

() Connection to VDD plane,

@ Connection fo VSS plane.

) Connection fo System VCC plane
@ Connection fo Isolated VDD plane

NOTE:

This PCB Layout is based on a 4 layer board with an internal Ground (common) and Vce plane. Placement of
components will depend on routing of signal trace. The 0.luf Capacitors should be placed as close as possible
to the Power pins. Placement on the backside of the board is also possible. The Fetrite Beads can be replaced

with 10-150hm Resistors. For best results, use a Fixed Voltage Regulator between the main (board) Vcc and the
different Vdd planes.
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035 —D/2-p 2.36
”ﬂ n l_l noﬁsl_r’ Z ‘:).40/0.50 DIA. DIA. PIN
174 2 0
EfR2
) r\/
M \J/
Y
0110 T
TOP VIEW BATTOM VIEW
El>» (¢~ >j|«B )
] b . R
by I S N
e[ T SEATING ggmufx = 7
SIDE VIEW A END VIEW
PARTING LINE
X
o DETAIL "A”
SSOP Package
SYMBOL COMMON DIMENSIONS VARIATIONS D N
MIN. NOM. MAX. MIN. | NOM. | MAX.
A .095 .101 110 AC 620 .625 .630 48
Al .008 .012 .016
A2 .088 .090 092
B .008 010 .0135
C .005 - .010
D See Variations
E 202 | 206 [ 299
€ 0.025 BSC
H 400 406 410
h .010 .013 .016
L .024 .032 .040
N See Variations
o 00 50 80
X .085 .093 .100

Ordering Information

ICS9147F-13

Example:

ICS XXXX F -PPP.

Pattern Number (2 or 3 digit number for parts with ROM code patterns)

Package Type
F=8SOp

Device Type (consists of 3 or 4 digit numbers)

Prefix

ICS = Standard Device
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