To all our customers

Regarding the change of names mentioned in the document, such as Hitachi
Electric and Hitachi XX, to Renesas Technology Corp.

The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMSs etc.)
Accordingly, although Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and other Hitachi brand

names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, anc
these changes do not constitute any alteration to the contents of the document itself.

Renesas Technology Home Page: http://www.renesas.com

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and morereliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may |lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as a reference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs, agorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or all of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate al information as a total system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice
or system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of aproduct contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under alicense from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.




HD151T 3A403SS

Mother Board Clock Generator
for SIS 645/650 P4 Chipset
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Description

The HD151T$403 is a high-performance, low-skew, low-jitter, PC motherboard Clock generator. Itis
specifically designed for SiS645 / 650 Pentium®4 chipset.

Features

1 memory clock up to 200 MHz
2 differential pairs of HCSL CPU clock , up to 133 MHz

6 PCI clocksand 2 PCI_F clocks @3.3 V, 33.3 MHz typ.

2 copies of AGP clock @3.3V, 66.6 MHz typ.

2 Zclock @ 3.3V, 66.6 MHz typ.

1 copy of 48 MHz for USB @ 3.3V

24 MHz / 48 MHz selectable clock @ 3.3V

3 copies of 14.318 MHz reference clock @ 3.3V
Power save and clock stop function.
Programmable clock output skew control function.
I2C™ serial port programming

Spread Spectrum modulation (—0.5% or +0.25%)
48 pin SSOP (300 mils)

Supports DDR application with clock buffer HD74CDCV 851

Notes: I1°C isatrademark of Philips Corporation.

Pentium is registered trademark of Intel Corporation.



HD151T SA03SS

Key Specifications

e Supply Voltages: VDD = 3.3 V5%

e Clock cycleto cyclejitter = [250 ps|

e CPU clock group Skew = 150 psmax

e AGP clock group Skew = 175 psmax

e ZCLK group skew = 175 psmax

e PCI clock group Skew = 500 psmax

¢ CPU (early) to PCI, AGP & ZCLK offset = 1to 4 ns (typ. 2ns)

Rev.0, Jan. 2002, page 2 of 29
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HD151T SA03SS

Pin Arrangement

N
VDDREF |1 | 48] vDDSD
*FSO/REFO | 2| 47 sbcLK
*FS1/REF1 [ 3] 46/ GNDSD
*FS2/REF2 [4 | 45| cPU_sSTP#
GNDREF |5 | 44 cPuLT
x1[6] 43|cpuic
x2[7] 42| vDbepPU
GNDZ [ 8| 41/ GNDCPU
ZCLKO [ 9] 40 cPUOT
ZCLK1 [10] 39 cPuoC
VDDZ 11| 38| IREF
PCI_STP# 12| 37] GNDA
VDDPCI [13] 36/ VDDA
FS3*/PCI_FO [14] 35 scLk
FS4*/PCI_F1 [15) 34 sDATA
PCIO [16] 33| PD#/VTT_PWRGD
PCI1 |17, 32| GNDAGP
GNDPCI |18 31 AGPCLKO
VDDPCI 19| 30| AGPCLK1
PCI2 |20 29| vDDAGP
PCI3 |21 28/ vDD48
PCl4 [22 27] 48MHz
PCI5 [23] 26] 24_48MHz/MULTISEL*
GNDPCI |24 25| GND48
(Top view)

* Latch input / multi function pin.
Note: FSO, 1, 2, 3, 4 = 120 kQ Internal Pull-down.

PCI_STP#, MULTISEL, PD#, CPU_STP# = 120 kQ Internal Pull-up.

RENESAS
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HD151T SA03SS

Block Diagram

3.3V VDD48 GND48 3.3V VDDA GNDA 7x 3.3VVDD 7xGND IREF
O O O O O O O
N4 N N N N4 N N4
XTAL
14.318 MHz Synthesizer _
}ETL:% (» (CPU PLL) [
== OoSsC
1/n1
SSC Modulator Clock
CPU_STP# 1 Divider

PD# .
*MULTISEL L
*FS0, 1,2, 3, 4 L Mode C_ontrol
SDATA > Logic
SCLK - p
PCI_STP# L
M—b Synthesizer
FV (48 MHz PLL)
1/n2

Note: Latched Input / Multi Function pin.

3x REF 3.3 (14.318 MHz)
2x CPUCLK (HCSL)

1x SDCLK 3.3

2x AGP 3.3

2x ZCLK 3.3

6x PCICLK 3.3

2x PCICLK_F 3.3

48 MHz 3.3

24 /48 MHz 3.3

Rev.0, Jan. 2002, page 4 of 29
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HD151T SA03SS

Tablel Clock Frequency Function Table & 1°C

ByteO (bit2, 4,5, 6 & 7)

Bit2 Bit7 Bit6 Bit5 Bit4

FS4 FS3 FS2 FS1 FSO CPU SDCLK  ZCLK AGP PCICLK
0 0 0 0 0 66 66 66 66.8 334
0 0 0 0 1 100 100 66 66.8 33.4
0 0 0 1 0 100 125 63 62.6 31.3
0 0 0 1 1 100 133 66 66.8 33.4
0 0 1 0 0 100 150 60 60.1 30.1
0 0 1 0 1 100 150 60 60.1 30.1
0 0 1 1 0 100 167 63 62.6 313
0 0 1 1 1 92 184 61 61.3 30.6
0 1 0 0 0 100 200 66 66.8 33.4
0 1 0 0 1 72 125 63 62.6 31.3
0 1 0 1 0 80 100 66 66.8 33.4
0 1 0 1 1 80 133 66 66.8 334
0 1 1 0 0 83 167 66 66.8 33.4
0 1 1 0 1 87 109 62 62 31

0 1 1 1 0 89 133 66 66.8 334
0 1 1 1 1 66 66 50 50.1 33.4
1 0 0 0 0 103 137 68 68.4 34.2
1 0 0 0 1 105 140 60 60 30

1 0 0 1 0 109 109 62 62 31

1 0 0 1 1 109 145 62 62 31

1 0 1 0 0 113 151 65 64.8 32.4
1 0 1 0 1 111 167 66 66.8 334
1 0 1 1 0 133 133 66 66.8 33.4
1 0 1 1 1 125 167 63 62.6 313
1 1 0 0 0 100 133 80 66.8 33.4
1 1 0 0 1 100 167 72 62.6 31.3
1 1 0 1 0 100 133 80 66.8 334
1 1 0 1 1 100 167 83 62.6 31.3
1 1 1 0 0 100 133 100 66.8 334
1 1 1 0 1 100 167 100 62.6 313
1 1 1 1 0 133 133 100 66.8 334
1 1 1 1 1 125 167 100 62.6 31.3

Rev.0, Jan. 2002, page 5 of 29
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HD151T SA03SS

Table2 Outputs State at Power Down

INPUT OUTPUTS

PD# CPUT CPUC SDCLK PCICLK  ZCLK AGP 24 /48 MHz 48 MHz
0 2xIREF Hi-Z L L L L L L
1 Run Run Run Run Run Run Run Run

Table3 CPUCLK Outputs Specification

MULTISEL (pin26) Board Target Reference R, Output Current loh Voh @ Z
Trace/Term Z Iref =VDD/ (3 Rr)

1 60 Q Rr =475 1% 6 x Iref 0.85V @ 60 Q
I|_REF =2.32 mA

1 50 Q Rr =475 1% 6 x Iref 0.7V @ 50 Q
I|_REF =2.32 mA

0 60 Q Rr =475 1% 4 x Iref 0.56V @ 60 Q
I|_REF =2.32 mA

0 50 Q Rr =475 1% 4 x Iref 0.47V @ 50 Q
I_REF =2.32 mA

Rev.0, Jan. 2002, page 6 of 29
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HD151T SA03SS

I°C Controlled Register Bit Map

ByteO CLK Frequency & SSC Control Register

Bit Description Contents Default
7 CLK Freq. Control bit (See Tablel) 0
6 CLK Freg. Control bit (See Tablel) 0
5 CLK Freq. Control bit (See Tablel) 0
4 CLK Freq. Control bit (See Tablel) 0
3 Freq. Select Mode bit 0 = Freq. is selected by latched input FSO : 4 0
1 = Freq. is selected by I°C Byte0 bit2, 4-7

CLK Freq. Control bit (See Tablel) 0

SSC Enable bit "1" = SSC OFF, "0" = SSC ON
0 Outputs (All outputs) enable bit 0 = Running 0

1 = Tristate all outputs

Bytel Multi Input-pin Read Back Register
Bit Description Contents Default
7 (Reserved bit) 0
6 (Reserved bit) 0
5 MULTISEL (pin26) Read back X
4 FS4 (pinl15) Read back X
3 FS3 (pin14) Read back X
2 FS2 (pin4) Read back X
1 FS1 (pin3) Read back X
0 FSO (pin2) Read back X

RENESAS
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HD151T SA03SS

I°C Controlled Register Bit Map (cont.)

Byte2 PCI_STP# & CPU_STP# Control Register

Bit Description Contents Default
(Reserved) 0
(Reserved) 0

5 PCI_STP# (pin12) Function When this bit is “1", PCI_FO0 will be stopped by 0
(PCI_FO0 Control) PCI_STP# pin.

When this bit is “0”, PCI_FO0 will not be controlled by
PCI_STP# pin. (PCI_FO0 = free running)

4 PCI_STP# (pin12) Function When this bit is “1”, PCI_F1 will be stopped by 0
(PCI_F1 Control) PCI_STP# pin.

When this bit is “0”, PCI_F1 will not be controlled by
PCI_STP# pin. (PCI_F1 = free running)
3 CPU_STP# (pin45) Function When this bit is “1”, CPUOT / OC will be stopped by 1
(CPUQT / OC Control) CPU_STP# pin.
CPUOT / 0C will be “fixed Low” at CPU_STP# = Low.
Default is “1” Clock Stop Mode.
When this bit is “0”, CPUOT / OC will not be controlled
by CPU_STP# pin. (CPUOQT / 0C = free running)
2 CPU_STP# (pin45) Function When this bit is “1”, CPU1T / 1C will be stoppedby 0
(CPULT / 1C Control) CPU_STP# pin.
CPULT / 1C will be “fixed Low” at CPU_STP# = Low.
When this bit is “0”, CPU1T / 1C will not be controlled
by CPU_STP# pin. (CPU1T / 1C = free running)
Default is “0” Clock Free Running Mode.

CPUOQT / OC output Enable 1 = Enable, 0 = Disable (Tristate) 1

0 CPU1T / 1C output Enable 1 = Enable, 0 = Disable (Tristate) 1

Rev.0, Jan. 2002, page 8 of 29
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HD151T SA03SS

I°C Controlled Register Bit Map (cont.)

Byte3 PCI Clock Outputs Control Register

Bit Description Contents Default
7 PCI_F1 (pin15) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
6 PCI_FO (pin14) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
5 PCI5 (pin23) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
4 PCl4 (pin22) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
3 PCI3 (pin21) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
2 PCI2 (pin20) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
1 PCI1 (pin17) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
0 PCIO (pin16) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
Byted Peripheral clocks Control Register
Bit Description Contents Default
7 PD# (pin33) pin function enable 1 = Enable, 0 = PD# Disable 1
6 (Reserved) 0
5 48 MHz (pin27) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
4 24 48 MHz (pin26) output enable 1 = Enable, 0 = Disable (DC Low fixed) 1
3 24 MHz or 48 MHz Select When this bit = “0”, pin26 outputs 24 MHz 0
When this bit = “1”, pin26 outputs 48 MHz
2 (Reserved)
(Reserved)
0 Spread spectrum control register 0 : £0.25% central spread.

The modulation rate is 33 KHz.
1:0to-0.5% down spread.
The modulation rate is 33 KHz.

Rev.0, Jan. 2002, page 9 of 29
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HD151T SA03SS

I°C Controlled Register Bit Map (cont.)

Byteb Clock Output Enable Register

Bit Description

Contents

Default

SDCLK (pin47) output enable

1 = Enable, 0 = Disable (DC Low fixed)

REF2 (pin4) output enable

1 = Enable, 0 = Disable (DC Low fixed)

REF1 (pin3) output enable

1 = Enable, 0 = Disable (DC Low fixed)

REFO (pin2) output enable

1 = Enable, 0 = Disable (DC Low fixed)

ZCLK1 (pin10) output enable

1 = Enable, 0 = Disable (DC Low fixed)

ZCLKO (pin9) output enable

1 = Enable, 0 = Disable (DC Low fixed)

AGPCLK1 (pin30) output enable

1 = Enable, 0 = Disable (DC Low fixed)

ORI N W|~ OO | N

AGPCLKO (pin31) output enable

1 = Enable, 0 = Disable (DC Low fixed)

RPlRrlRr|Rr|RrRr|R|R

Byte6 Reserved Register

@
=

Description

Contents

Default

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

ORI N WA~ OO |V

(Reserved)

RPlRr|lRr|RP|RP|Rr|O|O

Byte7 Reserved Register

w
=

Description

Contents

Default

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

OR[N WO N

(Reserved)

oO|lo|o0o|O0o|Oo|O|O| O

Rev.0, Jan. 2002, page 10 of 29
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HD151T SA03SS

I°C Controlled Register Bit Map (cont.)

Byte8 Byte Vendor / Device ID Read Back Register

Bit Description Contents Default
7 Vendor ID bit3 Hitachi =1111" 1
6 Vendor ID bit2 1
5 Vendor ID bitl 1
4 Vendor ID bit0 1
3 Device ID bit3 0
2 Device ID bit2 0
1 Device ID bitl 0
0 Device ID bit0 1
Note: Don’t write to this byte.
Byte9 PLL N Divide Ratio Control Register
Bit Description Contents Default
7 (Reserved) 0
6 (Reserved) 0
5 (Reserved) 0
4 (Reserved) 0
3 (Reserved) 0
2 PLL divide control register 0 : ByteO (bit2, 4, 5, 6, 7) 0
1: Byte9, 10, 11 (PLL N & M divider)
1 PLL N Divider Control bit9 PLL N Divider Control bit9
0 PLL N Divider Control bit8 PLL N Divider Control bit8 0
Bytel0 PLL N Divide Ratio Control Register
Bit Description Contents Default
7 PLL N Divider Control bit7 PLL N Divider Control bit7 0
6 PLL N Divider Control bité PLL N Divider Control bité 0
5 PLL N Divider Control bit5 PLL N Divider Control bit5 0
4 PLL N Divider Control bit4 PLL N Divider Control bit4 0
3 PLL N Divider Control bit3 PLL N Divider Control bit3 0
2 PLL N Divider Control bit2 PLL N Divider Control bit2 0
1 PLL N Divider Control bitl PLL N Divider Control bitl 0
0 PLL N Divider Control bitO PLL N Divider Control bit0 0

RENESAS
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HD151T SA03SS

I°C Controlled Register Bit Map (cont.)

Bytell PLL M Divide Ratio Control Register

Bit

Description

Contents

Default

(Reserved)

PLL M Divider Control bité

PLL M Divider Control bité

PLL M Divider Control bit5

PLL M Divider Control bit5

PLL M Divider Control bit4

PLL M Divider Control bit4

PLL M Divider Control bit3

PLL M Divider Control bit3

PLL M Divider Control bit2

PLL M Divider Control bit2

PLL M Divider Control bitl

PLL M Divider Control bitl

ORI N W|~ OO | N

PLL M Divider Control bitO

PLL M Divider Control bitO

o|lOo|lO0O|O|O|O|O| O

Bytel2 Reserved Register

@
=

Description

Contents

Default

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

ORI N WA~ OO |V

(Reserved)

[}l NolNol NolNolNol o)

Bytel3 Reserved Register

w
=

Description

Contents

Default

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

OR[N WO N

(Reserved)

oO|lo|o0o|O0o|Oo|O|O| O
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I°C Controlled Register Bit Map (cont.)

Bytel4 CPU Clock Skew Control Register

Bit Description Contents Default
7 CPUT / CO Skew Control bit3 0000 : Ahead 2000 ps 0001 : Ahead 1500 ps 0
0010 : Ahead 1000 ps 0011 : Ahead 500 ps
6 CPUT / CO Skew Control bit2 0100 : Ahead 0 ps (Default) 1
0101 : Delay 500 ps 0110 : Delay 1000 ps
CPUT / CO Skew Control bitl 0111 : Delay 1500 ps 1000 : Delay 2000 ps 0
CPUT / CO Skew Control bit0
CPUT / C1 Skew Control bit3 0000 : Ahead 2000 ps 0001 : Ahead 1500 ps 0
0010 : Ahead 1000 ps 0011 : Ahead 500 ps
2 CPUT / C1 Skew Control bit2 0100 : Ahead 0 ps (Default) 1
0101 : Delay 500 ps 0110 : Delay 1000 ps
CPUT / C1 Skew Control bitl 0111 : Delay 1500 ps 1000 : Delay 2000 ps
0 CPUT / C1 Skew Control bit0
Bytel5 SDCLK (Mem. Clock) skew Control Register
Bit Description Contents Default
7 SDCLK (Memory Clock) Skew 0000 : Ahead 2000 ps 0001 : Ahead 1500 ps 0
Control bit3 0010 : Ahead 1000 ps 0011 : Ahead 500 ps
6 SDCLK (Memory Clock) Skew 0100 : Ahead 0 ps (Default) 1
Control bit2 0101 : Delay 500 ps 0110 : Delay 1000 ps
5 SDCLK (Memory Clock) Skew 0111 : Delay 1500 ps 1000 : Delay 2000 ps 0
Control bitl
4 SDCLK (Memory Clock) Skew 0
Control bit0
3 (Reserved) 0
2 (Reserved) 0
1 (Reserved) 0
0 (Reserved) 0

Rev.0, Jan. 2002, page 13 of 29
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HD151T SA03SS

I2C Controlled Register Bit Map (cont.)
Bytel6 Reserved Register

Bit Description Contents Default

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

O|lFR,|(NWw|lh~jlo[O]|
[Nl Nol ol Nol NolNel

(Reserved)

Bytel7 Reserved Register

Bit Description Contents Default

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

(Reserved)

OR[N W|lh~lo[O]| N
[Nl NolNolNol Nok Nl

(Reserved)

Rev.0, Jan. 2002, page 14 of 29
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HD151T SA03SS

I°C Controlled Register Bit Map (cont.)

Bytel8 CPU Clock PD# State Control Register

Bit Description Contents Default
7 CPUCLKT / CO state control at 0 : CPUCLKTO outputs 2x Iref current and 0
power down mode. CPUCLKCO is tristate when PD# asserted.

1 : Both CPUCLKTO and CPUCLKCO are tristate
when PD# asserted.

6 CPUCLKT / C1 state control at 0 : CPUCLKT1 outputs 2x Iref current and 0
power down mode. CPUCLKCL1 is tristate when PD# asserted.
1: Both CPUCLKT1 and CPUCLKC1 are tristate
when PD# asserted.

(Reserved bit)

(Reserved bit)

(Reserved bit)

(Reserved bit)

(Reserved bit)

O|lFR,|[N|W|h~| O
o|o|O|O|O| O

(Reserved bit)

Rev.0, Jan. 2002, page 15 of 29
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HD151T SA03SS

I°C Serial Interface Operation

1. Writemode

11
12
13
14
15
16
17
18
1.9

Controller (host) sends a start bit.

Controller (host) sends the write address D2 (h).

TS403 clock will acknowledge (TS403 sends “L”).

Controller (host) sends a dummy command code.

TS403 clock will acknowledge (TS403 sends “L”).

Controller (host) sends a dummy byte count.

TS403 clock will acknowledge (TS403 sends “L”).

Controller (host) starts sending first byte (Byte0) through byte6.
TS403 clock will acknowledge each byte one at atime.

1.10 Controller (host) sends a stop bit.

1 bit 7 bits 1 bit 1 bit 8 bits 1 bit 8 bits 1 bit 8 bits
Start bit Slave | RIW| Ack Dummy Ack Dummy Ack | Byte O
address pp(h) command code byte count
1bit 8bits 1 bit 8 bits 1bit 8bits 1bit 1 bit
B Ack | Byte 1 | ACK [==-===mmmmmmmmmmmeee e Byte 5 | Ack | Byte 6 | Ack | Stop bit

Rev.0, Jan. 2002, page 16 of 29
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HD151T SA03SS

I°C Serial Interface Operation (cont.)

2. Read mode
2.1 Controller (host) sends a start hit.
2.2 Controller (host) sends the read address D3 (h).
2.3 T$403 clock will acknowledge (TS403 sends “L”).
2.4 T$403 clock will send the byte count. (TS403 send “12 (h)”).
2.5 Controller (host) acknowledges.
2.6 T$403 clock sendsfirst byte (ByteQ) through byte 6.
2.7 Controller (host) will need to acknowledge each byte.
2.8 Controller (host) send a stop bit.

1 bit 7 bits 1 bit 1 bit 8 bits 1bit 8hbits 1bit 8 bits

Slave | R/W

Start bit address D3(h)

Ack | Bytecount |Ack| ByteO | Ack Bytel—‘

1bit 8bits 1 bit 8 bits 1 bit 1 bit
Ack | Byte 2 | ACK [===smmmmmmmeiii i Byte 6 | Ack | Stop bit
Notes: 1. The TS403 clock generator is a slave / receiver, 1’c component. It can read back the data

stored in the latches for the verification.

2. The data transfer rate supported by this clock generator is 100 kbits / sec or less (standard
mode).

3. The input is operating at 3.3 V logic levels.

4. The data byte format is 8 bit bytes.

5. To simplify the clock generator I°C interface, the protocol is set to use only block-write 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.

6. At power-on, all registers are set to a default condition, as shown.

Rev.0, Jan. 2002, page 17 of 29
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HD151T SA03SS

Absolute Maximum Ratings

Item Symbol Ratings Unit Conditions
Supply voltage VDD -0.5t0 4.6 \%
Input voltage V) -0.51t04.6 \%
Output voltage * Vo -05t0VDD V
+0.5
Input clamp current lik -50 mA V<0
Output clamp current lok -50 mA Vo<0
Continuous output current lo +50 mA Vo =0to VDD
Maximum power dissipation 0.7 W
at Ta = 55°C (in still air)
Storage temperature Tstg —65 to +150 °C
Notes: Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage

to the device. These are stress ratings only, and functional operation of the device at these or
any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute maximum rated conditions for extended periods may affect device
reliability.

1. The input and output negative voltage ratings may be exceeded if the input and output clamp
current ratings are observed.

Recommended Operating Conditions

Item Symbol Min Typ Max Unit Conditions
Supply voltage VDD 3.135 3.3 3.465 \%

DC input signal voltage -0.3 — VDD+0.3 V

High level input voltage ViH 2.0 — VDD+0.3 V

Low level input voltage Vi -0.3 — 0.8 \%

Operating temperature Ta 0 — 70 °C
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HD151T SA03SS

Pin Descriptions

Pin name No. Type Description
GND 5,8,18,24,25 Ground GND pins
32,41,46
VDD 1,11,13,19, Power Power supplies pins. Nominal 3.3 V.
28,29,42,48
VDDA 36 Power Power supply for PLL core.
GNDA 37 Power Power supply for PLL core.
CPUT [1:0] 44,40 OUTPUT  “True” clocks of differential pair CPUCLK.
These pins are HCSL outputs.
CPUC [1:0] 43,39 OUTPUT “Complementary” clocks of differential pair CPUCLK.
These pins are HCSL outputs.
SDCLK a7 OUTPUT 3.3V Memory clock outputs.
CPU_STP# 45 INPUT CPUCLK STOP pin.
This asynchronous input halts CPU, SDRAM and AGP clocks at
logic “0” level when driven low, the stop selection can be
programmed through 12 C. 120 kQ internal pulled-up.
PCI_FO 14 OUTPUT  Free running PCI clock 3.3 V output.
(*FS3) INPUT Latch input multi function pin for frequency select.
This pin is internal pull-down to GND.
PCI_F1 15 OUTPUT  Free running PCI clock 3.3 V output.
(*FS4) INPUT Latch input multi function pin for frequency select.
This pin is internal pull-down to GND.
PCICLK [5:0] 16,17,20,21 OUTPUT 3.3V PCI clock outputs.
22,23
PCI_STP# 12 INPUT PCICLK stop pin. Stops PCICLKSs at logic “0” level when input
low, the stop selection can be programmed through 12 C.
120 kQ internal pulled-up.
ZCLK [1:0] 9,10 OUTPUT  Hyper Zip clock outputs.
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Pin Descriptions (cont.)

Pin name No. Type Description

REFO 2 OUTPUT 14.318 MHz reference clock.

(*FS0) INPUT Latch input multi function pin for frequency select.

This pin is internal pull-down to GND.

REF1 3 OUTPUT  14.318 MHz reference clock

(*FS1) INPUT Latch input multi function pin for frequency select.
This pin is internal pull-down to GND.

REF2 4 OUTPUT  14.318 MHz reference clock.

(*FS2) INPUT Latch input multi function pin for frequency select.
This pin is internal pull-down to GND.

24 48 MHz 26 OUTPUT  SIO clock output. Default is 24 MHz.

This pin’s output frequency is able to change for 48 MHz by
12 C register.

(*MULTISEL) INPUT Latch input multi function pin for CPUCLK ‘s output current
setting. This pin is internal pull-up.

AGPCLKO 31 OUTPUT AGP clock output.

AGPCLK1 30 OUTPUT AGP clock output.

VTT_PWRGD/ 33 INPUT Power down pin. All circuits will be powered down.

PD# (Output state of each outputs are shown in page5 Table2.)
Asynchronous active low input pin used to power down the
device into low power state. The internal clocks are disabled
and VCO and the crystal are stopped. The latency of power
down will not be greater than 3 ms.

48 MHz 27 OUTPUT 3.3V 48 MHz USB clock output.

X1 INPUT XTAL input.

X2 7 OUTPUT XTAL output.

SDATA 34 INPUT Data input for I’c logic.

This pin is internal pull-up to VDD by 120 kQ resistor.

SCLK 35 INPUT Clock input for I°C logic.

This pin is internal pull-up to VDD by 120 kQ resistor.
IREF 38 IN A fixed resistor provides a reference current for the differential

HCSL clock outputs.

Note: *FS [2:0] & MODE Input logic levels are latched an internal power-on reset. Use 10 kQ resistor to
program logic High to VDD or GND for logic low.
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DC Electrical Characteristics/ Serial Input Port

Ta=0to 70°C,VvDD =33V

*1

Item Symbol Min Typ Max Unit  Test Conditions

Input Low Voltage Vi — — 0.8 \%

Input High Voltage ViH 2.0 — — \%

Input Current I -50 — +50 KA Vi=0Vor3.465V,
VDD = 3.465V

Input capacitance C — — 10 pF  SDATA & SCLK

Notes: 1. For conditions shown as Min or Max, use the appropriate value specified under recommended
operating conditions.

2. Target of design, not 100% tested in production.

AC Electrical Characteristics/ Serial Input port

Item Symbol Min Typ Max Unit Test Conditions Notes
SCLK Frequency Fscik — — 100 kHz Normal Mode

Start Hold Time tsTHD 4.0 — — us

SCLK Low Time tLow 4.7 — — us

SCLK High Time tHiGH 4.0 — — us

Data Setup Time tosu 250 — — us

Data Hold Time toHD 0 — — ns

Rise Time tr — — 1000 ns SDATA & SCLK 0.8to2.0V
Fall Time tr — — 300 ns SDATA & SCLK 2.0to 0.8V
Stop Setup Time tstsu 4.0 — — us

BUS Free Time between tspe 4.7 — — us

Stop & Start Condition
Note: Target of design, not 100% tested in production.
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DC Electrical Characteristics/ SDCLK

Ta=0t070°C, VDD =33V, CL = 20 pF

Item Symbol Min Typ = Max Unit Test Conditions
Output voltage Von 3.1 — — \% lon=-1mA, VDD =33V
VoL — — 50 mV lo.=1mA, VDD =33V
Output Current lon — — =22 mA Vou=2.0V
loL 25 — — mA VoL=0.8V

Note: 1. For conditions shown as Min or Max, use the appropriate value specified under recommended

operating conditions.

AC Electrical Characteristics/ SDCLK

Ta=0to 70°C, VDD =3.3V, CL =20 pF

Item Symbol Min Typ Max Unit Test Conditions Notes
Cycle to cycle jitter tees —250 — 250 ps 133 MHz, Figt ™

Slew rate tst 1.0 — — V/ns 0.4t024V
Clock Duty Cycle 45 50 55 %

SDCLK(early) to CPU 0 — 350 ps E

Clock Skew

Output Impedance — 30 — Q

Notes: Difference of cycle time between two adjoining cycles.
1. Target of design, not 100% tested in production.
2. SDCLK Skew control register is default “0100".
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DC Electrical Characteristics/ CPUCT / C HCSL Clock

Ta=0to 70°C,VvDD =33V

*1

Item Symbol Min Typ Max Unit Test Conditions
Output voltage Vo — — 1.2 \%

Output Current lo — | (nom) — mA VDD=33V7?
Output resistance 3000 — — Q Vo=12V"

Notes: 1. For conditions shown as Min or Max, use the appropriate value specified under recommended
operating conditions

2. 1 (nom) is output current (loh) shown in Page5 Table3.
3. Target of design, not 100% tested in production.

AC Electrical Characteristics/ CPUT / C HCSL Clock

Ta=0to 70°C, VDD = 3.3V, CL = 2 pF, Rref =475 Q, 6xIref

Item Symbol Min Typ Max Unit Test Conditions Notes
Cycle to cycle jitter tces —250 — 250 ps  133MHz 1
CPU Group Skew tsks — — 150 ps

(CPU clock out to CPU

clock out)

Rise time tr 175 — 700 ps Vo=0.14to 0.56V
Fall time t 175 — 700 ps Vo=0.14to 0.56V
Clock Duty Cycle a7 50 53 %

CPU(early) to AGP Skew 1.0 2.0 4.0 ns

CPU(early) to PCI Skew 1.0 2.0 4.0 ns

CPU(early) to ZCLK Skew 1.0 2.0 4.0 ns

Cross point voltage Vcross  0.45xVoh — 0.55xVoh V 100/ 133 MHz

Notes: Target of design, not 100% tested in production.
1. Difference of cycle time between two adjoining cycles.
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DC Electrical Characteristics/ PCl Clock

Ta=0to70°C,vVDD =33V, CL =30 pF

Item Symbol Min Typ = Max Unit Test Conditions
Output voltage Von 3.1 — — \% lon=-1mA, VDD =33V
VoL — — 50 mV lo.=1mA, VDD =33V
Output Current lon — — =22 mA Vou=2.0V
loL 25 — — mA Vo =08V

Note: 1. For conditions shown as Min or Max, use the appropriate value specified under recommended
operating conditions.

AC Electrical Characteristics/ PCIl Clock

Ta=0to70°C,VDD =33V, CL =30 pF

Item Symbol Min Typ Max Unit Test Conditions Notes
Cycle to cycle jitter tees —250 — 250 ps  33.3MHz Figl ™

PCI Group Skew tsks — — 500 ps Rising edge

(PCI clock out to PCI clock @ 1.5to 1.5V

out) Fig.2

Slew rate tsL 1.0 — — V/ns 04t024V
Clock Duty Cycle 45 50 55 %

Output Impedance — 30 — Q

Notes: Target of design, not 100% tested in production.
1. Difference of cycle time between two adjoining cycles.
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DC Electrical Characteristics/ AGP Clock & ZCLK

Ta=0to70°C,VDD =33V, CL =20 pF

Item Symbol Min Typ = Max Unit Test Conditions
Output voltage Von 3.1 — — \% lon=-1mA, VDD =33V
VoL — — 50 mV lo.=1mA, VDD =33V
Output Current lon — — =22 mA Vou=2.0V
loL 25 — — mA Vo =08V

Note: 1. For conditions shown as Min or Max, use the appropriate value specified under recommended
operating conditions.

AC Electrical Characteristics/ AGP Clock & ZCLK

Ta=0to 70 °C, VDD =3.3V, CL =20 pF

Item Symbol Min Typ Max Unit Test Conditions Notes
Cycle to cycle jitter tees -500 — 500 ps  66.6 MHz, Figl

AGP Group Skew & tsks — — 175 ps Rising edge

ZCLK Group Skew gglzs to 1.5V

Slew rate tsL 1.0 — — V/ns 04t024V
Clock Duty Cycle 45 50 55 %

Output Impedance — 30 — Q

Notes: Target of design, not 100% tested in production.
1. Difference of cycle time between two adjoining cycles.
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DC Electrical Characteristics/ 48 MHz, 24 48 MHz & REF Clock

Ta=0to70°C,VDD =33V, CL =20 pF

Item Symbol Min Typ = Max Unit Test Conditions
Output voltage Von 3.1 — — \% lon=-1mA, VDD =33V
VoL — — 50 mV lo.=1mA, VDD =33V
Output Current lon — — =22 mA Vou=2.0V
loL 16 — — mA Vo =08V

Note: 1. For conditions shown as Min or Max, use the appropriate value specified under recommended
operating conditions.

AC Electrical Characteristics/ 48 MHz, 24 48 MHz & REF Clock

Ta=0to70°C,VDD =33V, CL =20 pF

Item Symbol Min Typ Max Unit Test Conditions Notes
Slew rate tsL 0.5 — — V/ns 04t024V
Clock Duty Cycle 45 50 55 %

Output Impedance — 40 — Q

Note: Target of design, not 100% tested in production.
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Clock Out

tcycle n

tces = (teycle n) - (tcycle n+1)

Figurel Cycleto Cycle Jitter (3.3 V Single Ended Clock Output)

Clock Outx *E v
Clock Outy / ¥isv
. < SkS

Figure2 Output Clock Skew (3.3 V Single Ended Clock Output)
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Figure3 Load Circuit for CPUCLKT /C
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Package Dimensions

Unit: mm
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Disclaimer

1

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’ s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’ s rights, including
intellectual property rights, in connection with use of the information contained in this document.
Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’ s sales office before using the product in an application that demands especialy high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such asfail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi semiconductor
products.
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