RENESAS

1ICS94201

Programmable System

Frequency Generator for PII/III™

Recommended Application:
810/810E and Solano (815) type chipset

Output Features:

2-CPUs @ 2.5V

13 - SDRAM @ 3.3V
3-3V66 @ 3.3V

8 - PCI @3.3V

1 - 24/48MHz@ 3.3V
1-48MHz @ 3.3V fixed

1 - REF @3.3V, 14.318MHz

Features:

Programmable ouput frequency.
Programmable ouput rise/fall time for PCI
and SDRAM clocks.

Programmable 3V66 to PCI skew.

Spread spectrum for EMI control

with programmable spread percentage.
Watchdog timer technology to reset system
if over-clocking causes malfunction.
Support power management through PD#.
Uses external 14.318MHz crystal.

FS pins for frequency select

Key Specifications:

CPU Output Jitter: <250ps

IOAPIC Output Jitter: <500ps

48MHz, 3V66, PCI Output Jitter: <500ps
CPU Output Skew: <175ps

PCI Output Skew: <500ps

3V66 Output Skew <175ps

For group skew timing, please refer to the
Group Timing Relationship Table.
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Pin Configuration

VDDREF
X1

X2

GNDREF
GND3V66
3V66-0

3V66-1

3V66-2
VDD3V66
VDDPCI
'*(FS0)PCICLKO
*(FS1)PCICLK1
*(SEL24_48#)PCICLK2
GNDPCI
PCICLK3
PCICLK4
PCICLK5
VDDPCI
PCICLK6
PCICLK?
GNDPCI

PD#

SCLK

SDATA
VDDSDR
SDRAM11
SDRAM10
GNDSDR

- 1 U 56 === REFO(FS4)*'
—_ 2 55 == VDDLAPIC
& K 54 == I0APIC
—_ 4 53 f=— VDDLCPU
- 5 52 == CPUCLKO
- 6 51 = CPUCLK1
—_ 7 50 == GNDLCPU
— s 49— GNDSDR
- 9 48 == SDRAMO
-1 10 47 == SDRAM1
11 46 == SDRAM2
—f 12 - 45 |— VDDSDR
=113 8 44 f== SDRAM3
— 14 < 43 == SDRAM4
=15 (o)) 42 == SDRAM5
—1 16 ()] 41— GNDSDR
—_ 17 (&) 40 f=—= SDRAM6
-t 18 - 39 f=—= SDRAM7
=119 38 == SDRAM_F
—120 37 |— VDDSDR
— 21 36 == GND48
22 35 = 24_48MHz(FS2)*
= 23 34 f= 48MHZ(FS3)*’
—] 24 33— VDD48
=25 32 == VDDSDR
=126 31 == SDRAMS
— 27 30 == SDRAM9
—i28 29 f== GNDSDR

56-Pin 300 mil SSOP

1. These pins will have 1.5 to 2X drive strength.
* 120K ohm pull-up to VDD on indicated inputs.

Block Diagram

PLL2 - DL — aauHz

I 24_48MHz

X1 —+— XTAL |
X2 ——] OSC >+ REFO
| |
| | |
PLL1 Mool |
! Spread DIVDER {>-72L CPUCLK [1:0]
s
: pectrum |
| | 1
| SDRAM [11:0]
! = ! SprRAM_F
FS[4:0] 1 Control > | -
: I0APIC
PD# — Logic > L— toapiC
SEL24 48 —— |
onfig.
SDATA —+— PCICLK [7:0]
SCLK —+—{ Reg. !

- -

|
> £ 3V66 [2:0]
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General Description

The ICS94201 is a single chip clock solution for desktop designs using the 810/8 10E and Solano style chipset. It provides all necessary
clock signals for such a system.

The ICS94201 belongs to ICS new generation of programmable system clock generators. It employs serial programming I’Cinterface
as a vehicle for changing output functions, changing output frequency, configuring output strength, configuring output to output skew,
changing spread spectrum amount, changing group divider ratio and dis/enabling individual clocks. This device also has ICS
propriety 'Watchdog Timer' technology which will reset the frequency to a safe setting if the system become unstable from over
clocking.

Spread spectrum typically reduces system EMI by 7dB to 8dB. This simplifies EMI qualification without resorting to board design
iterations or costly shielding.

Pin Configuration

PIN
NUMBER PIN NAME | TYPE DESCRIPTION
1,9, 10, 18, 25,
32,33, 37, 45 VDD PWR |3.3V power supply
5 X1 IN Crystal input, has internal load cap (33pF) and feedback
resistor from X2
3 X2 OUT Crystal output, nominally 14.318MHz. Has internal load
cap (33pF)
4,5, 14,21,
28, 29, 36, GND PWR | Ground pins for 3.3V supply
41, 49
8,7,6 3V66 [2:0] OUT |3.3V Fixed 66MHz clock outputs for HUB
" PCICLKO' OUT |3.3V PCI clock output, with  Synchronous CPUCLK3s
FSO IN Logic input frequency select bit. Input latched at power on.
1 PCICLK1! OUT |3.3V PCI clock output, with Synchronous CPUCLKs
FS1 IN Logic input frequency select bit. Input latched at power on.
SEL_24_48# IN Logic input to select output.
13
PCICLK2! OUT |3.3V PCI clock output, with Synchronous CPUCLKSs
20, 19, 17, . .
16, 15 PCICLK [7:3] OUT |3.3V PCI clock outputs, with Synchronous CPUCLKSs
Asynchronous active low input pin used to power down the device into a
2 PD# IN low power state. The internal clocks are disabled and the VCO and the
crystal are stopped. The latency of the power down will not be greater
than 3ms.
23 SCLK IN Clock input of I’C input
24 SDATA OUT | Data input for I>C serial input.
4 FS3 IN Logic input frequency select bit. Input latched at power on.
48MHz OUT |3.3V Fixed 48MHz clock output for USB
3 FS2 IN Logic input frequency select bit. Input latched at power on.
. 24_48MHz OUT |3.3V 24_48MHz output, selectable through pin 13, default is 24MHz.
38 SDRAM_F OUT |3.3V SDRAM output can be turned off through I’C
48, 47, 46, 44,
43,42, 40, 39, |SDRAM [11:0] OUT |3.3V output. All SDRAM outputs can be turned off through I*C
31, 30, 27, 26
50 GNDL PWR | Ground for 2.5V power supply for CPU & APIC
51,52 CPUCLK [1:0] OUT |2.5V Host bus clock output. Output frequency derived from FS pins.
53,55 VDDL PWR |2.5V power suypply for CPU, IOAPIC
54 TOAPIC OUT |2.5V clock outputs running at 16.67MHz.
56 FS4 IN Logic input frequency select bit. Input latched at power on.
REF0' OUT |3.3V, 14.318MHz reference clock output.
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General I2C serial interface information for the 1CS94201

How to Write:

e Controller (host) sends a start bit.

e Controller (host) sends the write address D2 .

* ICS clock will acknowledge

e Controller (host) sends a dummy command code

* ICS clock will acknowledge

* Controller (host) sends a dummy byte count

* ICS clock will acknowledge

* Controller (host) starts sending Byte 0 through Byte 28
(see Note 2)

* ICS clock will acknowledge each byte one at a time

e Controller (host) sends a Stop bit

How to Write:
Controller (Host) ICS (Slave/Receiver)
Start Bit
Address D2
ACK
Dummy Command Code
ACK
Dummy Byte Count
ACK
Byte 0
ACK
Byte 1
ACK
Byte 2
ACK
Byte 3
ACK
Byte 4
ACK
Byte 5
ACK
Byte 6
ACK
o
o o
©] o
©]
Byte 26
ACK
Byte 27
ACK
Byte 28
ACK
Stop Bit

*See notes on the following page.
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How to Read:

e Controller (host) will send start bit.

e Controller (host) sends the read address D3 i

e ICS clock will acknowledge

* ICS clock will send the byte count

e Controller (host) acknowledges

» ICS clock sends Byte 0 through byte 6 (default)

» ICS clock sends Byte 0 through byte X (if X ayWas
written to byte 6).

* Controller (host) will need to acknowledge each byte

e Controller (host) will send a stop bit

How to Read:
Controller (Host) ICS (Slave/Receiver)
Start Bit
Address D3,
ACK
Byte Count
ACK
Byte 0
ACK
Byte 1
ACK
Byte 2
ACK
Byte 3
ACK
Byte 4
ACK
Byte 5
ACK
Byte 6
ACK
If 74 has been written to B6 Byte 7
ACK
[©)
O ©)
O
If 1Ay has been written to B6| Byte26
ACK
If 1By has been written to B6 Byte 27
ACK
If 1Cy has been written to B6 Byte 28
ACK
Stop Bit

© 2019 Renesas Electronics Corporation



RENESAS

Brief IEC registers description for ICS94201
Programmable System Frequency Generator

register will not affect device functionality.

Register Name Byte |Description Pwd Default
Functionality & Frequency Select 0 Output frequency, hardware / °C frequency See individual byte
Register select, spr_ead spectrum & output enable description
control register.
. ) ) ) . See individual byte
Output Control Registers 1-5 Active / inactive output control registers. -
description
Writing to this register will configure byte
Byte Count Read Back Register 6 count and how many byte will be read back. 06y
Do not write 00y to this byte.
Latched Inputs Read Back 7 The inverse of the latched inputs level could |See individual byte
Register be read back from this register. description
Watchdog enable, watchdog status and
Watchdog Control Registers 8 Bit[6:0] |programmable 'safe’ frequency' can be 000,0000
configured in this register.
This bit selects whether the output
VCO Control Selection Bit 8 Bit[7] |frequency is controled by hardware/byte 0 0
configurations or byte 14&15 programming.
Writing to this register will configure the
Watchdog Timer Count Register 9 number of seconds for the watchdog timer FFy
to reset.
ICS Reserved Register 10 This is an unused register. Writing to this 00,

Device ID, Vendor ID & Revision ID

Byte 11 bit[3:0] is ICS vendor id - 0001.

See individual byte

Registers 11-12 [Other bits in these 2 registers designate description
device revision ID of this part.
ICS Reserved Register 13 Don't write into "[hIS register, writing 1's will 00,
cause malfunction.
These registers control the dividers ratio Depend on
VCO Frequency Control Registers 14-15 |[into the phase detector and thus control the| hardware/byte 0
VCO output frequency. configuration
. Depend on
Sprgad Spectrum Control 16-17 These registers control the spread hardware/byte 0
Registers percentage amount. ) X
configuration
Changing bits in these registers result in
frequency divider ratio changes. Incorrect Depend on
Output Dividers Control Registers 18-20 ) ) . hardware/byte 0
configuration of group output divider ratio ) ;
) configuration
can cause system malfunction.
Group Skews Control Registers 21.03 Increment or decrement the gr.olup skew See IndIVI.du.a| byte
amount as compared to the initial skew. description
Output Rise/Fall Time Select 24 These registers will control the group rise See individual byte
Registers and fall time. description

Notes:

L.

N

SANREE

7.

The ICS clock generator is a slave/receiver, I’c component. It can read back the data stored in the latches for
verification. Readback will support standard SMBUS controller protocol.

by writing to byte 6.

When writing to bytes 14 - 15, bytes 16 - 17 and bytes 18 - 20, they must be written as a set. If for example, only byte

14 is written but not 15, neither byte 14 or 15 will load into the receiver.
The data transfer rate supported by this clock generator is 100K bits/sec or less (standard mode)
The input is operating at 3.3V logic levels.

The data byte format is 8-bit bytes.

To simplify the clock generator 12C interface, the protocol is set to use only Block-Writes from the controller. The bytes
must be accessed in sequential order from lowest to highest byte with the ability to stop after any complete byte has
been transferred. The Command code and Byte count shown above must be sent, but the data is ignored for those

two bytes. The data is loaded until a Stop sequence is issued.
At power-on, all registers are set to a default condition, as shown.
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The number of bytes to read back is defined

© 2019 Renesas Electronics Corporation




RENESAS

Byte 0: Functionality and frequency select register (Default=0)

Bit Description PWD
Bit2 | Bit7 | Bit6 | Bit5 | Bit4 | yCO/REF | VCO | VCO/ [CPUCLK |SDRAM| 3V66 |PCICLK | IOAPIC
FS4 | FS3 | Fs2 | Fs1 | Fso | Divider MHz | CPU MHz MHz MHz MHz MHz
0 0 0 0 0 501/18 | 398.52 6 66.43 99.65 66.43 33.21 16.61
0 0 0 0 1 352/14 | 360.00 6 60.00 90.00 60.00 30.00 15.00
0 0 0 1 0 504/18 | 400.91 6 66.80 100.20 | 66.80 33.40 16.70
0 0 0 1 1 315/11 | 410.02 6 68.33 102.50 | 68.33 34.17 17.08
0 0 1 0 0 440/15 | 420.00 6 70.00 105.00 | 70.00 35.00 17.50
0 0 1 0 1 440/14 | 450.00 6 75.00 112.50 | 75.00 37.50 18.75
0 0 1 1 0 503/15 | 480.14 6 80.00 120.00 | 80.00 40.00 20.00
0 0 1 1 1 313/9 497.95 6 83.00 124.50 | 83.00 41.50 20.75
0 1 0 0 0 515/37 199.29 2 99.65 99.65 66.43 33.21 16.61
0 1 0 0 1 440/35 180.29 2 90.00 90.00 60.00 30.00 15.00
0 1 0 1 0 518/37 | 200.45 2 100.23 | 100.23 | 66.84 33.41 16.70
0 1 0 1 1 446/31 206.00 2 103.00 | 103.00 | 68.67 34.33 17.17
0 1 1 0 0 484/33 | 210.00 2 105.00 | 105.00 | 70.00 35.00 17.50
0 1 1 0 1 507/33 | 219.98 2 110.00 | 110.00 | 73.33 36.67 18.33
Bit 0 1 1 1 0 514/32 | 229.99 2 115.00 | 115.00 | 76.67 38.33 19.17 | Note 1
@TD 0T 1 [ 1| 1] 1| 447716 | 40001 | 2 | 20000 | 200.00 | 133.33 | 66.66 | 33.33
1 0 0 0 0 501/18 | 398.52 3 132.86 | 132.86 | 66.43 33.21 16.61
1 0 0 0 1 454/13 | 500.03 3 166.67 | 166.67 | 83.34 41.67 20.83
1 0 0 1 0 504/18 | 400.91 3 133.64 | 133.64 | 66.82 33.41 16.70
1 0 0 1 1 488/17 | 411.02 3 137.00 | 137.00 | 68.50 34.25 17.13
1 0 1 0 0 440/15 | 420.00 3 140.00 | 140.00 | 70.00 35.00 17.50
1 0 1 0 1 395/13 | 435.05 3 145.00 | 145.00 | 72.50 36.25 18.13
1 0 1 1 0 440/14 | 450.00 3 150.00 | 150.00 | 75.00 37.50 18.75
1 0 1 1 1 503/15 | 480.14 3 160.00 | 160.00 | 80.00 40.00 20.00
1 1 0 0 0 501/18 | 398.52 3 132.86 | 99.65 66.93 33.21 16.61
1 1 0 0 1 454/13 | 500.03 3 166.67 | 125.00 | 83.34 41.67 20.83
1 1 0 1 0 504/18 | 400.91 3 133.64 | 100.23 | 66.82 33.41 16.7
1 1 0 1 1 488/17 | 411.02 3 137.00 | 102.75 | 68.50 34.25 17.13
1 1 1 0 0 440/15 | 420.00 3 140.00 | 105.00 | 70.00 35.00 17.50
1 1 1 0 1 395/13 | 435.05 3 145.00 | 108.75 | 72.50 36.25 18.13
1 1 1 1 0 440/14 | 450.00 3 150.00 | 112.50 | 75.00 37.50 18.75
1 1 1 1 1 503/15 | 480.14 3 160.00 | 120.00 | 80.00 40.00 20.00
Bit 3 0-Frequency ig selected by ha?dware select, latched inputs 0
1- Frequency is selected by Bit 2,7:4
Bit 1 0- Normal 1
1- Spread spectrum enable + 0.35% Center Spread
Bit 0 (1)- ?:ilsltne:tr::gall outputs 0
Notes:

1. Default at power-up will be for latched logic inputs to define frequency, as displayed by Bit 3.
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Byte 1: Output Control Register Byte 2: Output Control Register
(1 = enable, 0 = disable) (1 = enable, 0 = disable)

Bit Pin# | PWD Description Bit Pin# | PWD Description
Bit 7 - X | FS3# Bit 7 39 1 |SDRAM7
Bit 6 - X | FSO# Bit 6 40 1 | SDRAMG6
Bit 5 - X | FS2# Bit 5 42 1 SDRAMS5
Bit 4 35 1 24MHz Bit 4 43 1 |SDRAM4
Bit 3 - 1 (Reserved) Bit 3 44 1 SDRAM3
Bit 2 34 1 48MHz Bit 2 46 1 |SDRAM2
Bit 1 - 1 (Reserved) Bit 1 47 1 SDRAMI1
Bit 0 38 1 SDRAM_F Bit 0 48 1 SDRAMO

Byte 3: Output Control Register Byte 4: Output Control Register
(1 = enable, 0 = disable) (1 = enable, 0 = disable)

Bit Pin# | PWD Description Bit Pin# | PWD Description
Bit 7 20 1 PCICLK7 Bit 7 8 1 3V66_2
Bit 6 19 1 PCICLK6 Bit 6 6 1 3V66_0
Bit 5 17 1 PCICLKS5 Bit 5 7 1 3V66_1
Bit 4 16 1 PCICLK4 Bit 4 - X | FS4#

Bit 3 15 1 PCICLK3 Bit 3 54 1 TIOAPIC

Bit 2 13 1 PCICLK?2 Bit 2 - X | FS1#

Bit 1 12 1 PCICLK1 Bit 1 51 1 CPUCLK1

Bit 0 11 1 PCICLKO Bit 0 52 1 CPUCLKO
Byte 5: Output Control Register Byte 6: Byte Count Read Back Register
(1 = enable, 0 = disable)

Bit Pin# | PWD Description Bit Pin# | PWD Description
Bit 7 - 1 (Reserved) Bit 7 - 0 Reserved (Note)
Bit 6 - 1 (Reserved) Bit 6 - 0 Reserved (Note)
Bit 5 - 1 (Reserved) Bit 5 - 0 Reserved (Note)
Bit 4 - 1 (Reserved) Bit 4 - 0 Reserved (Note)
Bit 3 26 1 SDRAMI11 Bit 3 - 0 Reserved (Note)
Bit 2 27 1 SDRAMI10 Bit 2 - 1 Reserved (Note)
Bit 1 30 1 SDRAMO9 Bit 1 - 1 Reserved (Note)
Bit 0 31 1 SDRAMS Bit 0 - 0 Reserved (Note)

Note: Writing to this register will configure byte count and
how many bytes will be read back, default is 6 bytes.
Notes:

1. Inactive means outputs are held LOW and are disabled from switching. These outputs are designed to be configured at
power-on and are not expected to be configured during the normal modes of operation.

2. PWD = Power on Default

0428B - 11/28/05

© 2019 Renesas Electronics Corporation



RENESAS

Byte 7: Latch Inputs Readback Register Byte 8: VCO Control Selection Bit &
Watchdog Timer Control Register
Bit | PWD Description Bit | PWD Description
Bit 7 0 |(Reserved) Bit 7 0 | 0=Hw/BO freq / 1=B14&15 freq
Bit 6 0 | (Reserved) Bit 6 0 | WD Enable O=disable / 1=enable
Bit 5 0 | (Reserved) Bit 5 0 | WD Status O=normal / 1=alarm
Bit 4 X | FS4# Bit 4 0 | WD Safe Frequency, FS4
Bit 3 X | FS3# Bit 3 0 | WD Safe Frequency, FS3
Bit 2 X | FS2# Bit 2 0 | WD Safe Frequency, FS2
Bit 1 X |FS1# Bit 1 0 | WD Safe Frequency, FS1
Bit 0 X | FSO# Bit 0 0 | WD Safe Frequency, FSO
Note: FS values in bit [0:4] will correspond to Byte 0 FS
values. Default safe frequency is same as 00000 entry in
byteO0.
Byte 9: Watchdog Timer Count Register Byte 10: ICS Reserved Register
Bit | PWD Description Bit | PWD Description
Bit 7 1 . . Bit 7 0 (Reserved)
Bit6 1 The decimal representation of these Bit 6 0 | (Reserved)
- 8 bits correspond to 580ms or 2ms Bii5 0 R q
Bit 5 1| (selectable by byte 13 bit 4) the it (Reserved)
Bit 4 1| watchdog timer will wait before it Bit4 0 | (Reserved)
Bit 3 1 goes to alarm mode and reset the Bit 3 0 (Reserved)
Bit 2 1 frequency to.the safe setting. Default Bit 2 0 (Reserved)
Bit 1 1 at pov(x;er up is 256X 580ms = 148 Bit 1 0 (Reserved)
Bit0 | 1 | Bit0 | 0 |(Reserved)
Note: This is an unused register. Writing to this register will
not affect device performance or functionality.
Byte 11: Vender ID & Device ID Register Byte 12: Revision ID Register
Bit PWD Description Bit PWD Description
Bit 7 X | Device ID Bit 7 X | Revision ID
Bit 6 X | Device ID Bit 6 X | Revision ID
Bit 5 X | Device ID Bit 5 X | Revision ID
Bit 4 X | Device ID Bit 4 X | Revision ID
Bit 3 0 | Vendor ID Bit 3 X | Device ID
Bit 2 0 Vendor ID Bit 2 X | Device ID
Bit 1 0 | Vendor ID Bit 1 X | Device ID
Bit 0 1 Vendor ID Bit 0 X | Device ID
Note: ICS Vendor ID is 0001 as in Number 1 in Note: Device ID and Revision ID values will be based on
frequency generation. individual device and its revision.
Notes:

1. PWD = Power on Default
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Byte 13: ICS Reserved Register

Bit PWD Description
Bit 7 0 (Reserved)
Bit 6 0 (Reserved)
Bit 5 0 (Reserved)
WO timer base select
Bit 4 0 0=580ms
1=2ms
Bit 3 0 (Reserved)
Bit 2 0 (Reserved)
Bit 1 0 (Reserved)
Bit 0 0 (Reserved)

Note: DON'T write a '1' into this register, it will
cause malfunction.

Byte 15: VCO Frequency Control Register

Bit PWD Description
Bit 7 X | VCO Divider Bit8
Bit 6 X | VCO Divider Bit7
Bit 5 X | VCO Divider Bit6
Bit 4 X | VCO Divider Bit5
Bit 3 X | VCO Divider Bit4
Bit 2 X | VCO Divider Bit3
Bit 1 X | VCO Divider Bit2
Bit 0 X | VCO Divider Bitl

Note: The decimal representation of these 9 bits (Byte 15 bit
[7:0] & Byte 14 bit [7] ) + 8 is equal to the VCO divider value.
For example if VCO divider value of 36 is desired, user need
to program 36 - 8 = 28, namely, 0, 00011100 into byte 15 bit
& byte 14 bit 7.

To program the VCO frequency for over-clocking.

Byte 14: VCO Frequency Control Register

Bit | PWD Description
Bit 7 X | VCO Divider Bit0
Bit 6 X | REF Divider Bit6
Bit 5 X | REF Divider Bit5
Bit 4 X | REF Divider Bit4
Bit 3 X | REF Divider Bit3
Bit 2 X | REF Divider Bit2
Bit 1 X | REF Divider Bitl
Bit 0 X | REF Divider Bit0

Note: The decimal representation of these 7 bits (Byte 14
[6:0]) + 2 is equal to the REF divider value .

VCO Programming Constrains

VCO Frequency ......cc.ccceueeeee. 150MHz to 500MHz
VCO Divider Range ................ 8to 519

REF Divider Range ................. 2to 129

Phase Detector Stability .......... 0.3536 to 1.4142

Useful Formula
VCO Frequency = 14.31818 x VCO/REEF divider value
Phase Detector Stabiliy = 14.038 x (VCO divider value) -

0. Before trying to program our clock manually, consider using ICS provided software utilities for easy programming.

1. Select the frequency you want to over-clock from with the desired gear ratio (i.e. CPU:SDRAM:3V66:PCl ratio) by writing to

byte 0, or using initial hardware power up frequency.

2. Write 0001, 1001 (195) to byte 6 for readback of 25 bytes (byte 0-24).

3. Read back byte 16-24 and copy values in these registers.

4. Re-initialize the write sequence.

5. Write a 'l' to byte 8 bit 7 indicating you want to use byte 14 and 15 to control the VCO frequency.
6. Write to byte 14 & 15 with the desired VCO & REF divider values.

7. Write to byte 16 to 24 with the values you copy from step 3. This maintains the output divider mux controls the same gear ratio.

8. The above procedure is only needed when changing the VCO for the 1st pass. If VCO frequency needs to be changed again,
user only needs to write to byte 14 and 15 unless the system is to reboot.
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Note:

1. User needs to ensure step 3 & 7 is carried out. Systems with the wrong spread percentage and/or group to group divider ratio
programmed into bytes 16-20 could be unstable. Step 3 & 7 assure the correct spread and gear ratio.

2. If VCO, REF divider values or phase detector stability are out of range, the device may fail to function correctly.

3. Follow min and max VCO frequency range provided. Internal PLL could be unstable if VCO frequency is too fast or too slow.
Use 14.31818MHz x VCO/REF divider values to calculate the VCO frequency (MHz).

4. Users can also utilize software utility provided to program the VCO frequency from ICS Application Engineering.

5. Spread percent needs to be calculated based on VCO frequency, spread modulation frequency and spread amount desired.
See Application note for software support.

Byte 16: Spread Sectrum Control Register Byte 17: Spread Spectrum Control Register
Bit PWD Description Bit PWD Description
Bit 7 X | Spread Spectrum Bit7 Bit 7 X | Divider control Bit26
Bit 6 X | Spread Spectrum Bit6 Bit 6 0 | Divider control Bit25
Bit 5 X | Spread Spectrum Bit5 Bit 5 X | Divider control Bit24
Bit 4 X | Spread Spectrum Bit4 Bit 4 X | Spread Spectrum Bitl2
Bit 3 X | Spread Spectrum Bit3 Bit 3 X | Spread Spectrum Bitl1
Bit 2 X | Spread Spectrum Bit2 Bit 2 X | Spread Spectrum Bit10
Bit 1 X | Spread Spectrum Bitl Bit 1 X | Spread Spectrum Bit9
Bit 0 X | Spread Spectrum Bit0 Bit 0 X | Spread Spectrum Bit8
Note: Please utilize software utility provided by ICS Note: Please utilize software utility provided by ICS
Application Engineering to configure spread spectrum. Application Engineering to configure spread spectrum.
Incorrect spread percentage may cause system failure. Incorrect spread percentage may cause system failure.
Byte 18: Output Dividers Control Register Byte 19: Output Dividers Control Register
Bit | PWD Description Bit | PWD Description
Bit 7 X | Output Divider MUX Control Bit7 Bit 7 X | Output Divider MUX Control Bitl5
Bit 6 X | Output Divider MUX Control Bit6 Bit 6 X | Output Divider MUX Control Bit14
Bit 5 X | Output Divider MUX Control Bit5 Bit 5 X | Output Divider MUX Control Bitl3
Bit 4 X | Output Divider MUX Control Bit4 Bit 4 X | Output Divider MUX Control Bitl12
Bit 3 X | Output Divider MUX Control Bit3 Bit 3 X | Output Divider MUX Control Bitl1
Bit 2 X | Output Divider MUX Control Bit2 Bit 2 X | Output Divider MUX Control Bit10
Bit 1 X | Output Divider MUX Control Bitl Bit 1 X | Output Divider MUX Control Bit9
Bit 0 X | Output Divider MUX Control Bit0 Bit 0 X | Output Divider MUX Control Bit8
Note: Changing bits in these registers results in frequency Note: Changing bits in these registers results in frequency
divider ratio changes. Incorrect configuration of divider ratio changes. Incorrect configuration of
group gear ratio can cause system malfunction. group gear ratio can cause system malfunction.
Notes:

1. PWD = Power on Default

2. The power on default for byte 16-20 depends on the harware (latch inputs FS[0:4]) or IIC (Byte 0 bit [1:7]) setting. Be sure to read
back and re-write the values of these 5 registers when VCO frequency change is desired for the first pass.
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Byte 20: Output Dividers Control Register

Bit PWD Description

Bit 7 X | Output Divider MUX Control Bit23
Bit 6 X | Output Divider MUX Control Bit22
Bit 5 X | Output Divider MUX Control Bit21
Bit 4 X | Output Divider MUX Control Bit20
Bit 3 X | Output Divider MUX Control Bit19
Bit 2 X | Output Divider MUX Control Bitl8
Bit 1 X | Output Divider MUX Control Bitl7
Bit 0 X | Output Divider MUX Control Bitl16

Note: Changing bits in these registers results in
frequency divider ratio changes. Incorrect
configuration of group gear ratio can cause
system malfunction.

Byte 22: Group Skew Control Register

Bit | PWD Description
Bit 7 1 |3V66 to PCI Skew Bit3
Bit 6 0 |3V66 to PCI Skew Bit2
Bit 5 0 |3V66 to PCI Skew Bitl
Bit 4 1 3V66 to PCI Skew Bit0
Bit 3 0 (Reserved)

Bit 2 0 (Reserved)
Bit 1 0 (Reserved)
Bit 0 0 (Reserved)

Note: Default 3V66 to PCI skew is 2.5ns bit [7:4]=1001.

Each increment or decrement of bit 4 to 7 will
introduce 100ps delay or advance on all PCI
clocks.

Byte 24: Output Rise/Fall Time Select Register

Bit PWD Description

Bit 7 0 (Reserved)

Bit 6 0 REF 0=Normal, 1=Weak

Bit 5 0 24,48Mhz 0=Normal, 1=Weak
Bit 4 0 (Reserved)

Bit 3 0 PCI 0O=Normal, 1=Weak

Bit 2 0 3V66 0=Normal, 1=Weak

Bit 1 0 SDRAM 0=Normal, 1=Weak
Bit 0 0 (Reserved)
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Byte 21: ICS Reserved Register

Bit PWD Description
Bit 7 0 (Reserved)
Bit 6 0 (Reserved)
Bit 5 0 (Reserved)
Bit 4 0 (Reserved)
Bit 3 0 (Reserved)
Bit 2 0 (Reserved)
Bit 1 0 (Reserved)
Bit O 0 (Reserved)

Note: This is an unused register. Writing to this register will
not affect device performance or functionality.

Byte 23: Group Skew Control Register

Bit | PWD Description

Bit 7 0 (Reserved)

Bit 6 0 (Reserved)

Bit 5 0 (Reserved)

Bit 4 0 (Reserved)

Bit 3 0 3V66 to IOAPIC Skew Bit 3
Bit 2 1 3V66 to IOAPIC Skew Bit 2
Bit 1 1 3V66 to IOAPIC Skew Bit 1
Bit 0 1 3V66 to IOAPIC Skew Bit 0

Note: Default 3V66 to IOAPIC skew is 2.5ns bit [3:0]=0111.
Each increment or decrement of bit 4 to 7 will introduce
100ps delay or advance on all IOAPIC clocks.

Notes:

1. PWD = Power on Default

2. The power on default for b2yte 16-20 depends on the hardware
(latch inputs FS[0:4]) or I°C (Byte O bit [1:7]) setting. Be sure

to read back and re-write the values of these 5 registers when
VCO frequency change is desired for the first pass.

3. If Byte 8 bit 7 is driven to "1" meaning programming is
intended, Byte 21-24 will lose their default power up value.

© 2019 Renesas Electronics Corporation
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RENESAS

Absolute Maximum Ratings

Core Supply Voltage .......... .. ... ... ..... 4.6V

I/0 Supply Voltage ........ ... . ... . ... .... 3.6V
LogicInputs......... ..., GND -0.5 Vto Vpp +0.5V
Ambient Operating Temperature .............. 0°C to +70°C

Storage Temperature . ....................... —65°C to +150°C

Case Temperature ..................co.n.... 115°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 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.

Group Timing Relationship Table’

CPU 66 MHz CPU 100 MHz CPU 133 MHz CPU 133 MHz
Group SDRAM 100 MHz SDRAM 100 MHz SDRAM 100 MHz SDRAM 133 MHz
Offset Tolerance Offset Tolerance Offset Tolerance Offset Tolerance
CPU to SDRAM 2.5ns 500 ps 5.0 ns 500 ps 0.0 ns 500 ps 3.75ns 500 ps
CPU to 3V66 7.5 ns 500 ps 5.0 ns 500 ps 0.0 ns 500 ps 0.0 ns 500 ps
SDRAM to 3V66 0.0 ns 500 ps 0.0 ns 500 ps 0.0 ns 500 ps 3.75ns 500 ps
3V66 to PCI 1.5-3.5ns 500 ps 1.5-3.5ns 500 ps 1.5-3.5ns 500 ps 1.5-3.5ns 500 ps
PCI to IOAPIC 0.0 ns 1.0 ns 0.0 ns 1.0 ns 0.0 ns 1.0 ns 0.0 ns 1.0 ns
USB & DOT Asynch N/A Asynch N/A Asynch N/A Asynch N/A

'Guaranteed by design, not 100% tested in production.

Electrical Characteristics - Input/Supply/Common Output Parameters
T, =0-70C; Supply Voltage Vpp =3.3 V +/-5%, Vpp, = 2.5 V +/-5% (unless otherwise stated)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input High Voltage Vi 2 Vpp+0.3 \"
Input Low Voltage Vi Vgs-0.3 0.8 \Y
Input High Current Iy Vi~n = Vbp -5 5 UA
Input Low Current Iy Vin =0 V; Inputs w%th no pull-up Fesistors -5 UA

| Vin = 0 V; Inputs with pull-up resistors -200
. C. = max cap loads; 134 150
Operating Supply Ippszop  |CPU=66-133 MHz, SDRAM=100 MHz mA
Current CPU=133 MHz, SDRAM=133 MHz 465 500
Ipposop  |Cr = max cap loads; 20 70
Powerdown Current Ippsspp  |CoL =0 pF; Input address to VDD or GND 280 600 nA
Input Frequency F; Vpp=33V 14.318 MHz
Pin Inductance L, 7 nH
Cn Logic Inputs 5 pF
Input Capacitancel Cout Output pin capacitance 6 pF
Cinx X1 & X2 pins 27 45 pF
Transition time' T ans To 1st crossing of target frequency 3 ms
Settling time' T, From 1st crossing to 1% target frequency 3 ms
Clk Stabilization' Tsran From Vp, = 3.3 V to 1% target frequency 3 ms
. tpzistpz,  |Output enable delay (all outputs) 1 10 ns
Delay tpuzstprz  |Output disable delay (all outputs) 1 10 ns

'Guaranteed by design, not 100% tested in production.
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RENESAS

Electrical Characteristics - CPU
Ta=0-70°C; VppL =2.5V +/-5%; C; = 10 - 20 pF (unless otherwise stated)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX |UNITS
Output Impedance’ Rpseoe | Vo=Vpp*(0.5) 13.5 15 45 Q
Output Impedance’' Rpsos | Vo=Vipp*(0.5) 135 | 165 | 45 Q

Output High Voltage Voums Iog =-1 mA 2 2.48 \"
Output Low Voltage Vors Iop =1 mA 0.04 04 \"
Output High Current Iomos Vououn =1V 60 27 mA
Vonemax = 2.375V 27 7
Output Low Current Ioros Voroun = 1.2V 27 63 mA
VoLemax =0.3V 20 30
Rise Time' top V=04V, Voy =20V 0.4 1 1.6 ns
Fall Time' top Vou=2.0V, Vo =04V 0.4 1 1.6 ns
Duty Cycle' dog  |Vp=125V 45 50 55 %
Skew' tyon V=125V 30 175 ps
V=125V, CPU 66, SDRAM 100 300 350
Jitter, Cycle-to-cycle' Geyecyers CPU 100, SDRAM 100 240 250 ps
CPU 133, SDRAM 100 400 500
CPU 133, SDRAM 133 300 350
'Guaranteed by design, not 100% tested in production.
Electrical Characteristics - 3V66
To=0-70C; Vpp =3.3 V +/-5%; C;, = 10-30 pF (unless otherwise specified)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX |UNITS
Output Impedance’ Rpsei | Vo = Vpp*(0.5) 12 55 Q
Output Impedance’' Rpsvi | Vo = Vpp*(0.5) 12 55 9)

Output High Voltage Voui Iog=-1mA 2.4 A"
Output Low Voltage VoL Iop =1 mA 0.55 A"
Output High Current Tom Voneun =10V 33 mA
Vou @ max = 3.135 V -33
Output Low Current Tow Voemn=19V 30 mA
VoLemax =04V 38
Rise Time' t Vo =04V, Voy =24V 0.4 1 1.6 ns
Fall Time' te) Vou=24V,Vg. =04V 0.4 0.9 1.6 ns
Duty Cycle' dy Ve=15V 45 49 55 %
Skew ' a1 V=15V 35 175 | ps
Jitter, Cycle-to-cycle' teyeeyer  |[VT=15V 220 500 ps

'Guaranteed by design, not 100% tested in production.
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Electrical Characteristics - IOAPIC

To=0-70°C; VppL =2.5V +/-5%; C;. = 10 - 20 pF (unless otherwise stated)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX |UNITS
Output Impedance' Rpspas  |Vo=Vpp*(0.5) 9 3 Q
Output Impedance1 Rpsnag | Vo=Vpp*(0.5) 9 30 Q

Output High Voltage Vomuan Ioy=-5.5mA 2 \

Output Low Voltage VoL Iop =9 mA 0.4 \

Output High Current Tomas Voneun = 14V 21 mA
Vouemax = 2.5V -36

Output Low Current IoLas Voreun = 1.0V 36 mA
VoLemax =0.2V 31

Rise Time' tup Vor=04V,Vou=20V 0.4 1.2 1.6 ns

Fall Time' tug  |Vou=2.0V,Vo =04V 0.4 1.1 1.6 ns

Duty Cycle' dug  |Vr=125V 45 50 55 %

Jitter, Cycle-to-cycle' | tyoean |Vr=125V 240 | 500 | ps
'Guaranteed by design, not 100% tested in production.
Electrical Characteristics - SDRAM
To=0-70°C; Vpp =3.3V +/-5%, C;. = 20 - 30 pF (unless otherwise stated)

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX |UNITS
Output Impedance’ Rpsps | Vo=Vpp*(0.5) 10 24 Q
Output Impedance’ Rpsna Vo=Vpp*(0.5) 10 24 Q

Output High Voltage Vous Iopy=-1mA 2.4 v
Output Low Voltage Vors Ior =1 mA 0.4 A"
Output High Current Ions Voneun =2 V 46 mA
Vonemax = 3.135V -54
Output Low Current Tors Vorewn =1V Sk mA
Voremax =0.4V 53
Rise Time' ts Vor=04V, Vo =24V 0.4 0.9 1.6 ns
Fall Time' tr Vop=24V, Vo =04V 0.4 0.8 1.6 ns
Duty Cycle' dy Vp=15V 45 49 55 %
Skew' tys Vp=15V 100 | 250 ps
Jitter, cycle-to-cycle' tiyeeyes  |Vr=1.5V 350 500 ps

'Guaranteed by design, not 100% tested in production.
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Electrical Characteristics - PCI
To=0-70°C; Vpp =3.3V +/-5%, C =40 pF for PCIO-1, C; = 10 - 30 pF for other PCIs (unless otherwise stated)

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX |UNITS
Output Impedancel Rpspi Vo=Vpp*(0.5) 12 55 Q
Output Impedancel Rpsni Vo=Vpp*(0.5) 12 55 Q

Output High Voltage Voui Ion=-1 mA 2.4 \'%
Output Low Voltage Voui Iop =1 mA 0.55 \Y
\Y% =1V -
Output High Current Tom OHEMIN 33 mA
VOH@MAX = 3135V —33
Output Low Current Iors Voo = 195V 30 mA
VOL@MAX =04V 38
Rise Time' t Vor.=04V,Voy=24V, PCIO-3 05 1.8 2 ns
PCI3-7 2.2 2.5
Fall Time! 0 Vor.=24V,Voy=04V, PCIO-3 0.5 1.8 2 ns
PCI3-7 2.3 2.5
Duty Cycle' dy Vi=15V 45 51 55 %
Skew! to1 V=15V 150 500 ps
Jitter, cycle-to-cycle' tiyoeyel  |[Vr=15V 200 500 ps
'Guaranteed by design, not 100% tested in production.
Electrical Characteristics - REF, 24 48MHz, 48MHz
To=0-70C; Vpp =3.3 V +/-5%; C. = 10-20 pF (unless otherwise specified)

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX |UNITS
Output Impedance’ Rpsps Vo = Vpp*(0.5) 20 60 Q
Output Impedance’ Rpsns Vo = Vpp*(0.5) 20 60 Q

Output High Voltage Vous Iog=-1mA 2.4 \Y
Output Low Voltage Vors Iop =1 mA 0.4 A"
Output High Current Tons Vonomn=10V 23 mA
VOH@MAX:3'135 V —29
VoL e =195V 29
Output Low Current Tors OL @ MIN mA
VOL @ MAX — 04 V 27
Rise Time' s Vor=04V, Voy=24V 0.4 ns
Fall Time' tes Vou=24V,Vo. =04V 0.4 ns
Duty Cycle' dis V=15V 45 53 55 %
Titter. evele-to-cvele! N V;=1.5V, Fixed clocks 200 500 ps
Y Y ¥y IV = 1.5 V, Ref clocks 2300 | 3000

'Guaranteed by design, not 100% tested in production.
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Shared Pin Operation -
Input/Output Pins

The 1I/0 pins designated by (input/output) on the ICS94201
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 5-
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.

Figure 1 shows a means of implementing this function when
a switch or 2 pin header is used. With no jumper is installed
the pin will be pulled high. With the jumper in place the pin
will be pulled low. If programmability is not necessary, than
only a single resistor is necessary. The programming resistors
should be located close to the series termination resistor to
minimize the current loop area. Itis more important to locate
the series termination resistor close to the driver than the
programming resistor.

Programming
Header

Via to Gnd

Series Term. Res.

<4— Viato
VDD

2K Q

8.2KQ

Clock trace to load
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Fig. 1
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Power Down Waveform

Ons 25ns

Zu
N
|

VCO Internal

CPU 100MHz

3.3V 66MHz

LJ_S
C
F

g

PCI 33MHz

APIC 33MHz

PD#

SDRAM 100MHz

REF 14.318MHZ
48MHZ

I

Note

1. After PD# is sampled active (Low) for 2 consective rising edges of CPUCLKSs, all the
output clocks are driven Low on their next High to Low tranistiion.

2. Power-up latency <3ms.
3. Waveform shown for 100MHz
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Group Offset Waveforms
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In Millimeters In Inches
SYMBOL | COMMON DIMENSIONS | COMMON DIMENSIONS
MIN MAX MIN MAX
INDEX A 2.41 2.80 .095 110
AREA Al 0.20 0.40 .008 .016
b 0.20 0.34 .008 .0135
c 0.13 0.25 .005 .010
D SEE VARIATIONS SEE VARIATIONS
E 10.03 10.68 .395 420
E1 7.40 7.60 .291 .299
e 0.635 BASIC 0.025 BASIC
h 0.38 0.64 .015 .025
A L 0.50 1.02 .020 .040
N SEE VARIATIONS SEE VARIATIONS
a 0° | 8° 0° | 8°
VARIATIONS
N D mm. D (inch)
[=]10 (.004)[C] MIN MAX MIN MAX
56 18.31 18.55 .720 .730

Reference Doc.: JEDEC Publication 95, MO-118

300 mil SSOP Package

10-0034

Ordering Information
ICS94201yFLFT

Example:

ICS XXXX yFLFT
T Designation for tape and reel packaging
Lead Free, RoHS Compliant (Optional)

Package Type

F =SSOP
Revision Designator (will not correlate with datasheet revision)

Device Type

Prefix
ICS, AV = Standard Device

0428B - 11/28/05
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Revision History

Rev. Issue Date |Description Page #

B 11/28/2005 |Added LF Ordering Information 18
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (“RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers skilled in the art designing with Renesas products. You are solely responsible
for (1) selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only for
development of an application that uses Renesas products. Other reproduction or use of these resources is strictly
prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual property.
Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims,
damages, costs, losses, or liabilities arising out of your use of these resources. Renesas' products are provided only subject
to Renesas' Terms and Conditions of Sale or other applicable terms agreed to in writing. No use o any Renesas resources
expands or otherwise alters any applicable warranties or warranty disclaimers for these products.

Corporate Headquarters

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

(Disclaimer Rev.1.0 Mar 2020)

Contact Information

For further information on a product, technology, the most
up-to-date version of a document, or your nearest sales

office, please visit:
www.renesas.com/contact/

© 2023 Renesas Electronics Corporation. All rights reserved.



