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Overview

This design guide describes the specific details of a notebook PC motherboard design for the Crusoe™
Processor Model TM5400/TM5600 (hereafter known as TM5400/TM5600).

The core block diagram (see Figure 1) shows the major elements of a design that connect to a Transmeta
TM5400/TM5600 Processor. All connectivity, with a few exceptions, between the processor and other core
elements has been shown. Special considerations and signals not shown in the diagram are described in the
text. TM5400/TM5600 Reference Schematics that show detailed electrical connectivity are available. A full
description of the schematics is provided in this text. The description at the block diagram level is intended
to provide a broad overview of processor design issues. For specific details about the TM5400/TM5600

reference design see the descriptions of the schematics in Chapter 5, Crusoe Processor Reference Schematics
Description. Note that schematics describe both the TM3200 and TM5400/TM5600 processors.

These are some of the terms used in this book:

SUSPEND_STATUS

Status output from the south bridge to signal that a power suspend state is
being entered. (SUS_STAT# from the Intel PIIX4 and SUSPENDJ from the
ALI M1535)

STR_CTL

Suspend to RAM control signal output from power management section of
south bridge. (SUSB# from the Intel PIIX4 and OFF_PWR2 from the ALI
M1535).

STD_CTL

Suspend to disk control signal output from the power management section

of south bridge. (SUSC# from the Intel PIIX4 and OFF_PWR3 from the
ALI M1535).

STR

Suspend to RAM power down state. In this power management state,
system state is preserved in RAM while power to the processor is removed.
(RAM remains powered on in self-refresh mode). AKA Power state S3.

STD

Suspend to disk power down state. In this power management state, system
state is preserved in the hard disk and power is off to the rest of the system
(including RAM). AKA power state S4.

V_3

3.3V power supply, always on.

V_3S

3.3V power supply, switched. This supply is turned off during STR and STD
power down states.

TRANSMETA W
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Chapter 1

System Block Diagram

FIGURE 1 Core System Block Diagram
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The TM5400/TM5600 includes both the CPU and the North Bridge functionality. To a motherboard
designer, this means that the processor looks very much like a north bridge. The TM5400/TM5600
supports two DRAM interfaces, one for DDR (Double Data Rate) SDRAMs (CD DRAM port), and the
other for regular SDRAMs (DI DRAM port). On the TM5400/TM5600, designers can choose to use
either SDRAM interfaces, together or independently, depending on their design’s cost and performance

requirements.

In the diagram, note how the power signals that feed the component are listed in each block. This helps the
reader to identify suspend and switched power distribution to core components. Descriptions of each supply
are described in Power Supply Requirements on page 14.

The major elements shown in the block diagram are as follows:

TR A N s M E "‘ A "( Confidential Information—NDA Required 13
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CD Port DDR SDRAM. Can support up to 2 banks of DDR DRAMs in various configurations of
64Mbit, 128Mbit, or 256Mbit devices.

DI Port SDR SDRAM. The TM5400/TM5600 can support up to 4 banks of various configurations of
64Mbit, 128 Mbit or 256Mbit devices.

The CPU core switched mode high efficiency power supply.

The 2.5V power supplies for the I/O power pins on the DDR SDRAMs and TM5400/TM5600 DDR
interface. On the TM3200, connect IOVDD25 and C_VREF to VDDCORE.

The Thermal Sensor. This connects to a thermal sensing diode built into the processor.

The 2Kbit Mode Bit SROM. System dependent configuration options vital to proper chip operation
are stored in this device and read by the processor at boot time.

The 1Mbyte serial flash ROM for CMS. This is optional but recommended. CMS is stored in this
device. Other options for CMS code (such as sharing BIOS ROM) are described in the text.

The Transmeta Debug Module (TDM) connector. This adds some low level debug support to facilitate
in design bring up as well as connectivity to the Transmeta ICE for software development.

SDRAM Quick Switch Isolation. These are used to ensure that CKE signals to the SDRAMs remain
stable during processor power transitions. Since the Crusoe processor does not have a suspend-power
well, output signals are undefined during power transitions and subject to glitch.

There are several elements and signals not shown but are described in the text below.

Power Supply Requirements

The block diagram shows the power supplies for each of the major components. The power source for all
notebook computers is either a battery (< 20V) or a DC wall adapter of a comparable voltage. An
intelligent switching mechanism is needed to create a stable V_DC or V_SOURCE that is used to supply
the regulators that generate system voltages.

The power supply network must be capable of generating the following supplies for the system:

Confidential Information—NDA Required TR A NS ’:’f E TA ‘-(
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TABLE 1 Power Supply Requirements

Power Supply Description

V_3 3.3V that is valid for all power states except for Suspend to Disk(STD)/Soft
off (SOFF) states (controlled by STD_CTL Power Management control
signal)

V_3S 3.3V Switched that is valid for all states except Suspend to RAM (STR) and
STD/SOFF (controlled by STR_CTL)

V_25 2.5V that is valid for all power states except for STD/SOFF ( controlled by
STD_CTL)

V_25S 2.5V Switched that is valid for all power states except for STR and STD/
SOFF (controlled by STR_CTL)

V_5 5V that is valid for all power states except STD/SOFF (controlled by
STD_CTL)

V_5S 5V Switched that is valid for all power states except STR and STD/SOFF
(controlled by STR_CTL).

VDD_CORE The TM5400/TM5600 has VRDA pins which can be connected to the
VDD_CORE regulator to do dynamic power management.

POWERGOOD_CORE | Reset type signal that is the wire OR of the POWERGOOD signals from
each of the system supplies. Signal is valid when all of the system voltages are
stable.

The block does not show the supply that generates V_3, V_3S, V_5, and V_5S.

NOTE  All power supplies to the processor must be powered on at the same time. All supplies must have similar

switch on and off characteristics within 10ms of each other.

Current requirements of each supply should be calculated on a per design basis.

There are several ways to design a power supply that can accomplish the above requirements. See the

Reference Schematics for an example of the supplies.

Power supply connections made to each system block are discussed within the individual block discussions.

TRA N S m E TA 7 Confidential Information—NDA Required 15
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1.2 Description of Elements in System Block Diagram

1.2.1 Processor

PCI and PC Compatibility

e The PCI interface is 33MHz, 3.3V. The arbiter supports five REQ/GNT pairs. CLKRUN is
supported.

e The PCC (PC compatibility) signals are used in communication with the south bridge. These include
INIT, NMI, SMI, STPCLK, IGNNE, FERR, CPURST, INTR

Power Supply

The processor uses V_25S for IOVDD25 (2.5V used for CD interface I/O), V_3S for IOVDD (I/O supply
for all 3.3V pins), and VDD_CORE for CVDD (variable core voltage).

See power supply layout and decoupling section for recommendations.

1.2.2 CD DDR SDRAM

The CD DDR SDRAM port is only supported on the TM5400/TM5600.

The TM5400/TM5600 CD memory port supports 64Mbit, 128Mbit, or 256Mbit DDR SDRAM devices.
It is capable of running at extremely fast rates (see processor spec for details). The frequency at which DDR
is capable of running depends on several factors. Loading is critical and it is recommended that only 1 bank
of x16 bit devices be used to minimize load count. Also, it is not recommended to use DDR memory on a
DIMM or other expansion method since this can load the signals too much. The interface is capable of 2
banks of DDR memory and, although the interface can function with more loading than recommended, it
will be at the cost of speed and performance. The recommended configuration, again, is 4 devices of x16 bit
memory, soldered to the PC board incorporating the layout guidelines described in the Layout
Considerations part of this document.

Clock enable isolation during power down states

The CD_CKE]] clock enable signals need to be isolated between the TM5400/TM5600 and the SDRAM.
This is because power states exist where the TM5400/TM5600 is powered down and the SDRAM remains
powered (STR). The TM5400/TM5600 does not have a suspend-power well and, like any CMOS
circuitry, the outputs are undefined for short periods of time during power transitions. It is likely that all
the signals glitch as power is applied or removed from the chip. If the clock enable signal on the SDRAM
remains at a stable state, which prevent activity within the SDRAM during power transitions, the data

integrity is ensured. The SUSPEND_STATUS signal from the south bridge remains asserted while in STR

16 Confidential Information—NDA Required TR A NS ’:'f E TA ‘-(
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1.2.3

NOTE

mode and is therefore used to control the isolation. It is recommended that a Quicklogic QS3257 quick
switch MUX or similar part be used. The output should MUX between a pull-down and the CD_CKE][]
signal from the TM5400/TM5600; controlled by SUSPEND_STATUS. See TM3200/TM5400/TM5600

Reference Schematics for example circuit.

Signal termination

Series termination is recommended on all signals. Impedance should be calculated per specific designs. See
Reference Schematics for example termination.

Power Supply

The VDDIO25 power supply pins of the DDR memory are connected to V_25. Currently, there are 2
types of DDR SDRAM that operate from different CORE voltages. V_DDRCORE should be connected
to either V_25 for 2.5V or V_3 for 3.3V depending on the type of DDR used in the design.

Connect the TM5400/TM5600 VDDIO25 to V25S. The CD interface for a TM5400/TM5600 has a
C_VREF input which requires VDDIO25/2. This should be generated with a 1% voltage divider from
V258 as in the Reference Schematics.

DI SDR SDRAM

DI memory termination values have changed. Use 22 ohms on data lines, 10 ohms on addr/control signals.
PCB trace impedance of all signals should be 60 ohms. See DI PCB Layout Guidelines on page 27.

The TM5400/TM5600 DI single data rate SDRAM port is very similar to the CD port but less restrictive
since the clock rates are lower. The frequency at which the DI port is run is dependent upon the loading so
care must still be taken to ensure that it is minimized.

The TM5400/TM5600 DI port supports only 4 banks of SDRAM. There are 4 clocks and 2 clock enables.

Recommended Configurations

Timing is the main consideration in DI SDRAM selection. In order to operate at the highest speeds, it is
recommended that only homogeneous solutions of either socketed DIMM memory or soldered down
memory be used. When using DIMM, it is recommended that the memory boards use x16-bit devices to
lower the overall device count and signal loading. Also, it is recommended that only a maximum of 2
DIMM slots be used to meet high speed loading requirements and also retain compatibility with Crusoe
processors.

TRA N S ’,‘,:f E TA 7 Confidential Information—NDA Required 17
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Bank Selection

The Crusoe architecture forces CMS memory to be in the highest physical addresses. The banks are paired
to support up to 2 DIMMs on the TM5400/TM5600. If the permanent memory in the system is soldered
down, use S_CS#[2]. If a DIMM is used, connect S_CS#[3:2] to it.

Signal Delay Loop

On the SDR interface, the clock output named S_CLKOUT feeds back to the input named S_CLKIN.
The propagation delay of this feedback signal is used to adjust the setup and hold time of SDR read data. It
should be terminated just like the other SDR clocks: with a 33 ohm series resistor at the source. The total
propagation delay of this signal includes the portion before and after the series resistor. That total should be
equal to the sum of the average data line length and the average clock line length.

Clock Enable Isolation During Power Down States

The S_CKE#[] clock enable signals need to be isolated between the processor and the SDRAM. This is
because power states exist where the processor is powered down and the SDRAM remains powered (STR).
The processor does not have a suspend-power well and, like any CMOS circuitry, the outputs are undefined
for short periods of time during power transitions. It is likely that all the signals glitch as power is applied or
removed from the chip. If the clock enable signal on the SDRAM remains at a stable state, which prevent
activity within the SDRAM during power transitions, the data integrity is ensured.

The SUSPEND_STATUS signal from the south bridge remains asserted while in STR mode and is therefore
used to control the isolation. It is recommended that a Quicklogic QS3257 quick switch MUX or similar

part be used. The output should MUX between a pull-down and the S_CKE#|] signal from the processor;
controlled by SUSPEND_STATUS. See the Core Reference Schematics for example circuit.

Signal Termination

Series termination is recommended on all signals. Impedance should be calculated per specific design. See
the Reference Schematics for termination example.

Miscellaneous Notes

If DIMM s are used, be sure to connect serial presence detect bus to the south bridge (not shown).

All SDRAM power supplies should be connected to V_3 (controlled by STD_CTL).

8Mbit Serial CMS Flash

Since the Crusoe processors are hybrids that uses a blend of hardware and software to emulate an x86
processor, the hardware requires a serial flash memory device where the CMS (Code Morphing Software) is
stored. CMS needs 1MB of memory in its compressed state. The SROM interface has all the signals needed
to interface to 2 manufacturer’s serial flash ROM devices (Macronix and Atmel). There is no standardized
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format for serial flash devices at the time of the processor’s design, so the format that was common to these
manufacturers was selected as the interface.

To date, Atmel has up to 8Mbit devices and Macronix has up to 4Mbit devices. If using a single 8Mbit
device, only one chip select is needed, else, both are used to interface to the memory.

See the Reference Schematics for circuit example using Atmel 8Mbit device.

The serial flash uses V_3S power supply since it needs to be powered off when the processor is off.

2kb Mode Bit ROM

Crusoe processors use a 2-wire serial interface to download the Configuration Mode bits from this device at
boot-up. The Configuration Mode bits instruct the CPU on several important boot and initialization
options.

The contents of the mode-bit ROM are read into the processor at power-on, configuring the processor to
begin execution with optimal performance timings over a large range of system operating configurations.
Compensating for process variation device sensitivity for current TM5400/TM5600 processors requires the
use of the external mode-bit ROM with a particular mode-bit parameter configuration that is slightly
different than the default parameters hard-wired into the processors. Use of the external mode-bit ROM
with the mode-bit parameters described in this document is required for guaranteed operation of all current
TM5400/TM5600 production parts. For more information, see Mode Bir ROM Settings on page 40.

Currently, the only approved part for use as a Config Mode bit SROM is Microchip Semiconductors'
93LC56B 128x16 2kb serial flash ROM.

This device is powered from V_3S.

Write-Protect PLD addition to CMS Serial Flash ROM

A 22L.V10 PLD is added to intercept the SROM_CS[1:0]# signals to the serial Flash SROM device(s).

The PLD intercepts write cycles to the device when writes are not authorized (controlled by a GPIO pin
from the south bridge chip). This addition isrequired for al systems using serial Flash ROM for CMS

storage; systems using the parallel ROM for CM S storage do not require aPLD. For more information,
see Serial Flash Write Protection Circuit on page 31.

Core Temperature Sensor

This device connects to the DIODE_CATHODE and DIODE_ANODE pins of the processor. The
temperature sensor should be I2C compatible to connect to south bridge SMBUS or similar. Also, connect
temp sensor ALERT# signal to south bridge.

See the Reference Schematics for example device and circuit.

This device is powered from V_3S.
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TDM Debug Connection

The Transmeta Debug Module (TDM) communicates to the target through two, high density Flex cables;
TDCA (30pin) and TDCB (options 24pin user connection). The TDCA is shown with it’s connections to
the core system. See the TDM spec for more information on TDCB or see the Reference Schematics for an
example of how TDCA connects and how TDCB can be used.

The TDM and the debug connection is used for:

*  Flashing CMS ROM

¢ Flash Mode Bit ROM

*  Connecting the Transmeta ICE

*  Debugging

See diagram below for pinout and signal descriptions.
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FIGURE 2 Transmeta Debug Connector A

\
The TDC-A isa30-pin, .5mm flex cable connector that has all vital signalsto debug the TM processor (CMS Flash
control, Mode ROM Control, 12C, RNMI, Docking, RESET#, and JTAG signal) If additional debug control is
needed for specific designs, the optional TDC-B may be used.
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FIGURE 3 Transmeta Debug Connector B

Transmeta Debug Connector B

( The TDC-B isa 24 pin, .5mm flex cable/connector that supplies 18 user defined control bits to be used for debug\
of adesign. Each pinisconfigurable as either an input or output and can be open-drain or tristate type. The
generic pin assignments are given below as well as an example pinout used in the Transmeta Processor Core

Reference Design.
L Note : connector pinouts are dependent upon the type of connector used (vertical or right angle)
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1.2.4

1.2.5

Clocking

The processor expects a primary clock input called HCLK, at either 60MHz or 66MHz, compatible with
Pentium™ class clock generators. From this clock, the processor generates the CPU clock and the SDRAM
clocks. The processor also expects a PCI clock input of HCLK/2. The phase relationship between the CPU
and PCI clocks should be such that the CPU_CLK leads the PCI_CLK by 3.3ns (typical).

Note, make sure that the PCI_CLK which is connected to the processor is not ‘always on’ (PCICLK_F) but

is controllable by power states.

HCLK and PCI_CLK PC board trace lengths to the processor should be matched. Also, PCI_CLK traces
to PCI slots and devices should also be matched with each other as well as HCLK and PCI_CLK to the
processor. In other words, HCLK and PCI_CLK to the processor should be the same length as all the
traces to each PCI device/slot.

The processor generates the clocks for both DRAM interfaces.

See the Reference Schematics for a clock chip example where the TDCB connects to it to allow the
debugger to control system frequency.

Using BIOS ROM for CMS storage

The TM5400/TM5600 supports using the BIOS parallel ROM memory for CMS storage, thus eliminating
the need for a 1IMB serial Flash ROM to store CMS.

This is accomplished by connecting the Crusoe EPROMA([2:1] signals up to the highest order address bits
of a 2MB parallel Flash which is the usual way for BIOS (xbus or similar). CMS is stored in the lower % of
the ROM and the upper % is used for the BIOS. The TM5400/TM5600 controls the EPROMA[2:1]
during the CMS decompression phase and then sets EPROMA[2:1] to 11b to enable access to the x86
BIOS code.

One problem with using a parallel ROM for CMS is that JEDEC Flash ROMs have an 'erase all' command
which erases all unprotected sectors in the ROM. To protect against this, the CMS sectors of the ROM
should be protected, and the use of the un-protection circuit shown in the Reference Schematics will allow
the CMS upgrade utility to unprotect CMS sectors during upgrades. This circuit is only available on the
TM5400/TM5600. When using parallel flash in a TM3200 system, the lower ¥2 of the ROM should be
protected. This will not allow for field upgrades to protected sectors but it will protect CMS from being
erased in the event of an 'erase all' command.

Future versions of parallel ROMs may allow the "erase all' feature to be disabled and some may also support
software programmable protection of sectors. These enhancements may do away with the need for this
protection circuit. For debugging purposes, retain the serial flash connections to the TDM (Transmeta
Debug Module) connection. The TDM has serial flash and allows developers to boot from it.
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1.2.6 System Reset

The processor requires the reset connections shown in Figure 4 for proper operation. This allows the TDM
to assert JTAG reset and RESET# (needed for some debugging functions) without asserting PCI_RST#. A
system level PCI reset will also assert TRST# and RESET# which is needed for normal operation.

FIGURE 4 System Reset

ES
PCl_RST# P_PCl_RST#
4.7K Ohm — AW\
\VW\—
1.2K Ohm
TDM_TRST# S9 TrsT#
TDM_RST# H19  RESET#
TM3200/TM5x00
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2.1

Chapter 2

Design Considerations

Important Processor Considerations

If the CD DDR port is not used, IOVDD25 must still be connected to 2.5V. In this case, the supply
must produce 200mA at 2.5V minimum.

TM5400/TM5600 C_VREF pin for the CD DDR interface requires an IOVDD25/2 (1.25V)
reference at this pin. A 4.99k/4.99k resistor divider from V_25S with a 0.01uF filter cap is

recommended.
Special Considerations for VDDCORE supply:

When using the MAX1711 as supply for VDDCORE and Longrun is used, a quickswitch as shown in
the reference schematics must be used to protect the TM5400/TM5600 VRDA[] pins during power
down states. Also, use 1k pull-ups to switched 3.3V supply to provide fast edge rates needed by the
MAX1711. Put a 1ms RC filter on POWERGOOD output of MAX1711 since it has a bug which
causes POWERGOOD to be asserted during valid transitions of VRDA[] signals (see reference

schematics).

When using the LTC1736, connect VIDvcc to switched 3.3V supply. No external pull-ups on VID[]
inputs or quickswitches are needed. Also, put a 1ms RC filter on POWERGOOD output since it
negates for short pulses during transitions of VRDA[] signals (see reference schematics).

Using Linear LTC1736 regulator for VDDCORE:

The LTC1736 from Linear Technologies can be used as a VDDCORE supply for TM3200 and
TM5400/TM5600 systems. When using TM3200 and TM5400/TM5600 (without LongRun),
bootstrap the VID[] inputs to the desired voltage. For TM5400/TM5600 systems with Longrun,
connect TM5400/TM5600 VRDA[] outputs directly to VID[] inputs of the LTC1736. Connect
LTC1736 VIDVCC pin to switched 3.3V. Longrun will operate correctly with no external pull-ups on
the VRDA[] lines. There are internal 40k pull-ups on the VIDI] inputs that are connected to the
VIDVCC pin. This allows direct connection to the 3.3v tolerant VRDA[] signals.

A 1ms RC filter is required on the POWERGOOD output to filter short pulsed negations caused by
VRDA[] transitions. See Reference Schematics for example circuit.

JTAG TRST# should be connected to P_PCI_RST# through a 4.7k ohm resistor. When
P_PCI_RSTH# is asserted, so will the JTAG interface. The resistor allows a JTAG reset from the TDCA
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without resetting the chip and the PCI bus. If the debugger is not to be used, simply ground TRST#
instead of tying it to P_PCI_RST#.

e All reserved pins should be pulled-up/down as shown in the Reference Schematics.

e DI port S_CLKIN and S_CLKOUT should be connected together through a 33 ohm resistor at the
source (CLKOUT) and the remaining trace should have a calculated length equal to the average of all
the data line trace lengths.

e PLL_VDD should be connected to VDD_CORE through a 4.70hm resistor and filtered with a 0.1uF
ceramic cap.

e Ifusing TDCA debug connector, connect TDCA RESET# directly to the processor's RESET# and also
to P_PCI_RST# through a 1.2k ohm resistor. This allows the TDM to override the PCI reset signal
and issue a processor reset. Otherwise, connect P_PCI_RST# directly to RESET#.

e In general, TDM connections to serial ROM devices will require a resistor in between the processor
signal and the ROM device to allow the TDM to override the active signal. See reference schematics.

*  No x32 bit memory devices are supported on either the DI or the CD SDRAM interface.

e The following signals should be pulled up to 2.5V: IGNNE#, INTR, INIT#, NMI, and SMI, as well
as FERR# on the TM5400/TM5600 only (it’s an output on TM3200 but open drain on TM5400/
TM5600)). See the Reference Schematics.

e HCILK and PCI_CLK PC board trace lengths to the processor should be matched. Also, PCI_CLK
traces to PCI slots and devices should also be matched with each other as well as HCLK and PCI_CLK
to the processor. In other words, HCLK and PCI_CLK to the processor should be the same length as
all the traces to each PCI device/slot.

Make sure the ‘always on’ PCI_CLK (PCICLK_F) from the clock controller is not supplied to the
processor if you are running CMS 4.1.3 or eatlier. If you are running CMS 4.1.4 or later and are
experiencing a PCI bus hang when using CLKRUN with Serial IRQ, see Errata: Potential PCI Bus
Controller Hang When Utilizing CLKRUN and Serial IRQ.

NOTE A 22IV10 PLD is added to intercept the TM5400/TM3200 SROM_CS[1:0]# signals to the serial Flash
SROM device(s). The PLD intercepts write cycles to the device when writes are not authorized (controlled
by a GPIO pin from the south bridge chip). This addition is required for all systems using serial Flash ROM
for CMS storage; systems using the parallel ROM for CMS storage do not require a PLD.

2.2 Important Power Management Issues

This section contains important design info regarding Crusoe design requirements regarding power
management and processor power supplies. These are several details of the processor specification that
might be overlooked and should be given strict attention.

26 Confidential Information—NDA Required TR A NS ’:'f E TA ‘-(
Corjaraton



TM5400/TM5600 System Design Guide Preliminary Information October 13, 2000

2.3

All power supplies to the processor must switch up or down within 25ms of each other, as follows:
IOVDD, IOVDD25, and PLLVDD should be valid within 10ms of each other. IOVDD and
IOVDD25 should be valid 10ms prior to VDDCORE coming out of soft-start (this differs for
MAX1711 and LT1737 (variable)) or before the VCORE voltage reaches .7V.

All power supplies to the processor must be powered on at all times. No supplies may be switched off

independent of the others (3.3V, 2.5V, and core).

During deep sleep power management state (the processor clock is stopped and most I/O pins are tri-
stated; see specification). This means that care must be taken to ensure that all signals going to sections
of the system that are powered on during suspend must be pulled up/down to a valid state when the
processor tri-states its outputs.

Specifically, P_GNT(] and other PCI control signals are the most important examples.
All signals connected to the processor must be powered off, grounded, or disconnected during power
down states in which all power is removed. Voltage cannot be applied to the processor when power

supplies are off.

Core power supply must be designed to accommodate rapid large transitions in current when switching
in and out of power management modes.

DI PCB Layout Guidelines

Use series source termination scheme in layout of DI memory. In series source termination, place source
termination resistor as close to the driver (source) as possible. The sum of the driver impedance and the
source termination resistance should match the PCB line impedance.

TM5400 DI PC Board Layout Guidelines:

Use 22 ohm source termination resistors on DI data lines
Use 10 ohm termination resistors on DI address and control signals
PCB trace impedance should be 60 ohms on all DI signals

A nominal DI layout is based on the total trace length of any DI signal (data/addr/control/clk). Total
trace length is calculated as the sum of all trace stubs.

e for 16 loads: max total trace length must be <= 5"

e for 12 or fewer loads: max total trace length must be <= 8"

The DI layout is considered sub-nominal or conservative if:

*  for 16 loads: max trace lenght is > 5"
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2.4

TABLE 2

2.4.1

NOTE
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e for 12 or fewer loads: max trace length is > 8"

TM5400/TM5600 LongRun™ Design
Considerations

LongRun controls the processor voltage and frequency dynamically to adjust to the needs of applications.

In order to support LongRun™ Technology, the VRDA pins of the TM5400/TM 5600 must be connected
to the VCORE power supply voltage control inputs (MAX1711 or similar power supply). LongRun
dynamically adjusts CPU frequency and voltage to conserve power. In order to do this, the TM5400/
TM5600 VRDA[4:0] signals must be connected to the VDDCORE supply regulator (see below).

TM3200 Reserved pins shown in Table 2 connect to MAX1711 voltage select inputs D[0:4]
(VRDAO->DO0,. VRDA1->Dl1, etc).

TM3200 to TM5400/TM5600 VRDA Pins

Pin # TM3200 Name TM5400/TM5600 Name
Y12 Reserved_(Y12) VRDA[0]
Y13 Reserved_(Y13) VRDA[1]
V14 Reserved_(V14) VRDA[2]
W14 Reserved_(W14) VRDAI3]
W13 Reserved_(W13) VRDA[4]

The VRDA outputs are open-drain. These are pulled up to V_3S with 1k ohm resistors.

About LongRun™ Technology

Voltage is controlled via the VRDA[4:0] outputs to the VDDCORE power supply. A quickswitch is needed
to protect the VRDA pins from the 5V pull-ups inside the MAX1711 (or similar) power supply. Also, the
MAX1711 requires that the VREF inputs be changed within 100ns (see specification) of each other.

Since the VRDA outputs are open-drain, 1k ohm pull-ups on these signals must be used to ensure that all
VRDA signals will switch quickly enough with respect to one another.
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FIGURE 5 TM5400/TM5600 VRDA Connection and Timing Diagram for LongRun™
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2.4.2 LongRun Power Supply

The VDDCORE regulator must support dynamic voltage adjustment through VSET(] inputs. The Maxim
MAX1711 and Linear Tech ITC1736 both support this.

MAX1711

When using the MAX1711, connect the MAX1711 D[4:0] inputs through a quickswitch (see Reference
Schematics). The DJ] inputs have internal 5V pull-ups and the VRDA[] signals are only 3.3V tolerant. In
addition, the internal pull-ups are too weak to support the transition speeds required on the D[] inputs from
the open-drain VRDA[] signals. This, combined with the fact that the VRDA[] signals are only 3.3V
tolerant, requires 1k pull-ups to switched 3.3V on each of the VRDA][] lines (on the MAX1711 side of the
quickswitch).

Another important note when using the MAX1711: add a 1ms RC filter directly on the output of the
POWERGOOD pin. This is required since the POWERGOOD signal negates for short durations during
VRDA(] transitions. The POWERGOOD negation lasts for approximately 2-6us so a 1ms RC is a
conservative filter value given current data but MAXIM is investigating this issue to determine the
maximum possible assertion within the Longrun use scenario.
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2.4.4
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LTC1736

The LTC1736 also has internal pull-ups on the VID([] inputs. This part works well with only these pull-ups.
The internal pull-ups connect to the VIDVCC pin which.allows the designer to decide on the pull-up
voltage. In this case, connect it to switched 3.3V. This allows the VID([] inputs to be connected directly to
the TM5400/TM5600 VRDA[] outputs.

Also, add a 1ms RC filter directly on the output of the POWERGOOD pin. This is required since the
POWERGOOD signal negates for short durations during VRDA][] transitions. Current data show that the
POWERGOOD negation lasts for approximately 2-6us so a 1ms should be sufficient to filter any pulses.
The design is under investigation to fortify the value of the RC needed.

VDDCORE Supply Transition Rates and LongRun

LongRun is continuously ramping VDDCORE up and down, along with the frequency. During an upward
transition, for example, from 1.4V 400Mhz to 1.55 533Mhz, Longrun ramps the VCORE voltage to 1.55
slowly. Slow step by step transitions are made to try to prevent POWERGOOD negations by the regulator
(currently, this is not 100% successful which is why the RC filter is required). LongRun changes VCORE
one step at a time until it reaches the target. The time between each change is programmed in the
OEM_CONTFIG Table. Once it's there, it changes the frequency to 533Mhz (voltage must be changed first
since the CPU won't work at 533Mhz, 1.4V). The OEM_CONFIG table value for upward transitions
should be greater than the slowest slew rate of the regulator. The regulator design should take this into
account to try to achieve fast slew rates.

A downward transition is similar but the VDDCORE bulk capacitance comes into play. A transition from
1.55 533Mhz to 1.4 400Mhz happens in reverse. First, the frequency is changed from 533Mhz to 400Mhz.
Then, Longrun controls the VRDA[] outputs to step down to 1.4V. The VDDCORE bulk capacitance will
store energy at each voltage step and must bleed off between each step. The bleed time is also a function of
load, which is a function of frequency and voltage. This makes it more complex since the capacitors will
settle faster at higher frequencies. The TM5400/TM5600 can't monitor VDDCORE and must rely on the
value in the OEM_CONFIG table to determine the time between each transition (transition times are
independently programmable for up and downward transitions). Work is currently being done to develop
clear settings for the OEM_CONFIG fields as well as the recommended amount of bulk capacitance on
VDDCORE.

CVDD Rise and Fall Times

Note that there is no specification on how fast CVDD must rise or fall, but the design provides sufficiently
small durations as long as the VCORE regulator is designed following the schematics in this document. Rise
time is controlled by the frequency of the regulator as well as the capacitance and the inductor size, and fall
time is almost completely due to output capacitance.
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2.5

2.6

2.7

NOTE

2.8

Thermal Design Considerations

See Chapter 4, Thermal Design Considerations for thermal design information.

South Bridge Recommendation

To date, Crusoe processors have been successfully tested with the Intel PIIX4 and Acer ALI M 1535
southbridges. The reference schematics show how the PIIX4 and the M1535 connect to the TM5400/
TM5600.

Power Planes and Power Supply Decoupling

To achieve the frequencies specified in the TM5400/TM5600 Specifications, the power supplies must
deliver voltages within the specified margins (+/- 5%). Strict attention must be given to decoupling and
power and ground plane layout as discussed in this document in order to achieve this.

*  VDDCORE: Use 8 x.1uf 0603 X7R ceramic caps directly under the TM5400/TM5600. 20 x 1uF
1206/0805 X7R ceramic caps surrounding the chip. 6 x 220uF low ESR (100m ohm or less) cap as
bulk capacitance as close to the chip as possible.

e VDD_IO: Use 14 x 1uF X7R 1206/0805 ceramic caps as close to the chip as possible. Use 2 x 22uF
low ESR caps for bulk.

VDD_25: 8 x 1uF X7R 1206/0805 ceramic caps as close to the chip as possible. 1 x 22uF tantalum
low ESR cap for bulk capacitance.

Serial Flash Write Protection Circuit

Transmeta’s Systems Engineering organization has determined that there is a potential risk for serial flash
ROM devices to be inadvertently erased or modified in-system affecting the CMS control program stored in
the serial flash ROM. This technical bulletin describes a write protection circuit that controls write accesses
to the serial flash ROM device containing the CMS control program.
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2.8.1

2.8.2
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Overview

The serial flash ROM devices available today do not provide a secure mechanism to protect the serial flash
ROM from accidental erasure or accidental writes. The handshake mechanism commonly available in
parallel flash ROM devices to guard against accidental erasure or writes is not utilized on serial flash ROM
devices. Therefore, to ensure a high level of system security and integrity, Transmeta requires a special write
protection circuit to provide a more thorough mechanism for write protecting the serial flash ROM that
stores the CMS memory image.

The purpose of the write protection circuit is to:

e provide security

e fully write protect the entire serial flash device

*  ensure that the CMS control program is not accidentally overwritten

e allow for field upgrades of CMS should it be needed

Serial Flash Write Protection Circuitry

The write protection PLD works by gating the chip select signal to the serial ROM when a write or erase
command is detected. The device has an input pin (named WP) to enable and disable this feature. When
WP is asserted, write and erase commands are not allowed to complete. When WP is negated, write and

erase commands function normally. Read commands are always unaffected by the PLD.

The polarity of the WP input is selectable with another input pin (named WPNEG). When WPNEG is
pulled up, the WP input is active-low. When WPNEG is pulled down, the WP input is active-high.
WPNEG should be pulled up if the signal driving the WP input powers up in the low state. WPNEG
should be pulled down if the signal powers up in the high state.

The PLD also has an input pin (named SEL) to select the type of serial ROM in use. The SEL pin should be
pulled up for Macronix flash, and it should be pulled down for Atmel flash.

Customers should consider the following when selecting a PLD device to implement the write protection
circuit:

e Package. The state machine in the PLD design is very simple, and it could fit into a very small device.
However, an asynchronous flip-flop reset is absolutely necessary for this PLD design to function, and
the smallest PLD with that feature is a 22IV10. For tightly constrained board layouts, Atmel makes a
22LV10 in a 24-pin TSSOP. Their part number is ATF22LV10C, and their pinout and fuse map are
the same as in a standard DIP 221V10.

e Propagation delay. Transmeta successfully tested a part with a 15 ns propagation delay. Although a
slower part may work, Transmeta can not guarantee it because a slower part was not tested.

*  Voltage. The PLD must have 3.3V outputs because the serial ROM is not 5V-tolerant.
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e Power. Many vendors sell 22IV10 parts with power saving features. Although Transmeta did not test
such a part, customers should consider using a lower power device. The standard 22IV10 draws at least

70 to 90 mA from 3.3V.
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2.8.3 Schematic Diagram of the PLD in a System

2.8.4 Pinout

DIP Pin PLCC Pin Name Description
24 28 3.3V Power
12 14 GND Ground
1 2 CKIN Serial flash clock input.
3 4 DIN Serial flash data input.
4 5 WP Write protect input.
7 9 WPNEG Write protect negate input:

Low = WP is active-high

High = WP is active-low
8 10 SEL Select serial flash interface (input):

Low = Atmel

High = Macronix

CSOIN# Serial flash 0 chip select input.
6 CSI1IN# Serial flash 1 chip select input. Tie high if unused.
17 20 CS0OUT# Serial flash O chip select output.
23 27 CS10UT# Serial flash 1 chip select output. No connect if unused.
9, 10, 11, 13, 11, 12,13, 16, 17, Unused Unused inputs and tri-stated outputs that should be tied to
14, 15, 16, 20, 18, 19, 24, 25, 26 ground
21,22
34
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The following text is the JEDEC file representing the fuse map for the write protection PLD. It was
produced by the CUPL PLD design compiler for a 24-pin DIP package. To use it with a 28-pin PLCC
package, simply change the line “*QP24” to “*QP28”. The fuse maps are the same for the DIP and PLCC

packages.
CUPL( WY
Devi ce
Cr eat ed
Nane
Part no
Revi si on
Dat e
Desi gner
Company
Assenbl y
Locati on
* QP24
*QF5892
*@

*FO
*1.00000
*1.00032
*L.00064
*1.00096
*1.00128
*1L.00160
*1.00192
*1.00224
*1.00256
*1.02144
*1.02176
*1.02208
*1.02240
*1.02272
*1.02304
*1.02880
*1.02912
*1.02944
*1.02976
*1.03008
*1.03040
*1L.03072
*1.03104
*1.03648
*1.03680
*L.03712
*1.03744
*L.03776
*1.03808
*1.03840
*L.05792
*1.05824

TRANSMETA W

5.0a Serial# 10000000

g22v10 Library DLI B-h-40-2

Tue May 23 00:50: 17 2000
wr _pr ot

0

2

5/ 23/ 00

Transnet a

Transnet a

1

1

111111111112111110111011111111111
11111211112111211121111211111111111
11111211112111211121111211111111111
11111111110110111111211111111111
111111111112111111111111110101111
111111111112111111111111111111011
11111011101111111111111111111111
11111111011111111011011111111111
11111111000000000000000000000000
0000000000001111211121211121111211112
1111111112111111111112111111111111
11111111111011011111111111111111
11111111111101111111110111011111
111112111121112111211112111101111111
1110111011111211112111111111110000
000000000000000000000000111111112
11111111121111111121112111111111111
11111111111110111111110111011111
11111111121111111121112111111111111
11011110111111111111211111111111
111101111211111011101111101111111
111111111211121111011111111101110
11111111111111111111000000000000
0000111112121111111211111111111111
11111111121111111121112111111111111
10011111121112111121111211111111111
1111121111211110111110111111111111
1111121111211121111111101110111111
101111111112111111111111111111111
011110111111011112111111111111111
00000000000000000100000010100100
00000011000000000000000000000000
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*C6A76
*4926

2.8.6 CUPL Source Code

Narme Wr_prot;
Par t No 0;
Dat e 5/ 23/ 00;

Revi si on 2;

Desi gner Transnet a;

Conmpany Transnet a;

Assenbly 1;

Location 1;

For mat i /* Use JEDEC out put format */

Devi ce &2V10LCC, [/* This is the code for a 28-pin PLCC package. */
/* Other packages require different pin */
/* assignments. The code for a 24-pin DIP is */
/* &2V10. */

/**********************************************************************

* This device protects against wites and erases to the serial flash
when the WP pin is asserted. It works by forcing the chip sel ect
to negate when a wite or erase command is detected. The WPNEG
pin causes the WP input to be inverted in case WP is active-low on
the circuit board. Two chip selects are handled for the case of
two hal f-size serial ROM.

A select input pin is used to choose between Atnel and Macroni x.
The reason this is needed is the opcodes between the two parts are
simlar enough to require detection of all 8 bits of the opcode.

If the chip select is negated after the 8th bit of the opcode, the
flash device will execute the command wi th bogus address and dat a.
The select input allows wite or erase opcodes to be detected in as
few as two bits.

This design file is witten for the CUPL programmbl e |ogic
conpiler. A free, functional, deno version of the conpiler is

avai l able fromhttp://ww. | ogi cal devi ces. coni .
**********************************************************************/

* 0% X X X X X X X X X X X X X X X

/*

* | nput pins

*

* Al unused inputs should be tied high or low on the circuit board.
* Active-low pins are denoted by the ! prefix. After the input and
*

out put sections of this file, all syntax refers to the | ogical
* Jlevel of a pin and not its physical |evel.

*/

PIN 2 CKI'N; /* (DIP pin 1) Serial flash clock */

PIN 4 = DN, /* (DIP pin 3) Serial flash data input */
PIN 5 = Wp; /* (DIP pin 4) Wite protect */

PIN 9 = WPNEG /* (DIP pin 7) Wite protect negate: */
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/* Tie low if WP is active-high */
/* Tie high if WP is active-low */
PIN 10 = SEL; /* (DIP pin 8) Select type of flash: */
/* H gh = Macroni x */
/* Low = Atnel */
PIN 6 = !'CSOIN, /* (DIP pin 5) Intercepted serial flash chip */
PIN 7 = ICS1IN, /* (DIP pin 6) selects. If one is unused, it */
/* shoul d be tied high. */
/*
*  Qutput pins
*/
PIN[21,23] = [Q0..1]; /[* (DIP pins 18..19) Flip-flops for the */
/* state machi ne */
PIN 20 = | CSOQUT; /[* (DIP pin 17) New serial flash */
PI N 27 = | CS1OUT,; /* (DIP pin 23) chip selects */
/*
* Assign asynchronous reset (AR) controls on all flip-flops
*
* \Wien both chip selects are negated, the state machi ne needs to
* reset to the BIT7 state. Oherwise, it will never know when bit 7
* of the opcode occurs.
*/
Q. AR = I CSOIN & ! CS1IN,;
QL. AR = I CSOIN & ! CS1IN,;
/*
* Assign synchronous preset (SP) and output enable (OE) controls on
* all flip flops
*/
Q.SP = 'b'0;
QL.SP = 'b' 0;
Q.CE = 'b'1;
QL.CE = 'b'1;
/*

*

St at e nanes and nunbers
*

* To guard against output glitches, the state nunbers are assigned so
* that nost transitions only change one flip-flop.

*/
$DEFI NE BI T7 "b' 00
$DEFI NE Bl T6 "b' 11
$DEFI NE PAT_MATCH 'b' 10

$DEFI NE NO_PAT_MATCH ' b' 01

/
State transitions

The wite or erase opcodes used by Crusoe are:
Macr oni X:
F2h Page Program
Flh Sector Erase

I T I B
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* At nel :

* 82h Direct Programthrough Buffer
* The read opcodes used by Crusoe are:

* Macr oni X:

* 83h Read Stat us

* 52h Read Array

* At nel :

* 57h Read Status

* 52h Mai n Menory Page Read

*/
SEQUENCE [ QL. . 0]

PRESENT BI T7

IF 'DN NEXT NO_PAT_MATCH;, /* No wite or erase opcode */

/* has bit 7=0 */
/* For Atnel,
/* wite or

IF DIN & ! SEL NEXT PAT_MATCH;
erase */

IF DIN & SEL NEXT BI T6; /* For Macroni x, need to keep */
/* checking */
PRESENT BI T6
IF DI N NEXT PAT_NMATCH; /* Must be Flh or F2h */
I F I'DIN NEXT NO_PAT_NMATCH, /* Can't be Flh or F2h */
PRESENT PAT_NMATCH
NEXT PAT_MATCH; /* Only way out is reset */
PRESENT NO_PAT_MATCH
NEXT NO_PAT_NATCH; /* Only way out is reset */
}
/*
* Qutput equations
*
* Each chip select is copied frominput to output unless the current
* state is PAT_MATCH and the WP input is asserted. In that case,
* both chip selects are negated. |If WPNEG is asserted, the sense of
* WP is reversed.
*
* For the unusual case of WP being asserted after a wite or erase
* opcode but before the end of the bus cycle, both chip selects wll
* immediately negate.
*/

CSOOUT = CSOIN & ! ((W $ WNEG) & QL & ! Q0);
CS10UT = CS1IN & ! ((W $ WNEG) & QL & ! Q0);
/* N-- $is the XOR operator in CUPL */

Software Support

TM5400/TM5600 System Design Guide

bit 7=1 neans a */

In order to enable CMS upgrades, the WP pin needs to be controllable through software. By connecting it
to a GPO somewhere in the system, the signal can be negated before a CMS upgrade starts and re-asserted
after it finishes. No changes are needed to the upgrade software for this process to work because the
init_cycles field is in the OEM configuration table, inside the serial ROM.
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The init_cycles fields should be used to tell CMS what PCI bus cycles to generate in order to control the
WP signal. Each field contains an act i on parameter that tells CMS when to execute that particular PCI
bus cycle. When bit 1 of the action is set to 1, the bus cycle runs before a CMS upgrade starts. When bit 2
of the action is set to a 1, the bus cycle runs after a CMS upgrade finishes.

Once a GPO is selected to connect to the WP pin, the PCI bus cycles to negate and assert that GPO should
be programmed into the init_cycles fields of the OEM configuration table. The init_cycles fields to negate
WP should have bit 1 of the action set to a 1, and the init_cycles fields to assert WP should have bit 2 of the
action set to a 1. The Development and Manufacturing Guide has more complete instructions on how to use
the init_cycles fields.

It is important to note that the init_cycles fields cannot perform a read-modify-write function. That is,
Boolean logic functions are not available to manipulate individual data bits within a byte. This implies that
the byte controlling the GPO connected to WP must be in a known state when a CMS upgrade occurs. If

that GPO control byte contains bits that could be either 0 or 1 during a CMS upgrade, and if changing
those bits would have an undesirable effect on the system, then another GPO should be selected instead.

init_cycles Example

The following example shows how to set the init_cycles fields to control the WP pin of the write protection
PLD. Please note that this example does not represent any actual system design. The numbers used were
invented only for the purpose of illustration.

Example selection of GPO

*  The GPO connected to WP is controlled by bit 5 at offset 0x42h in PCI device 4, function 1. Setting
the bit to a 1 asserts WP

e Before a CMS upgrade is performed, the value of the entire byte at offset 0x42 is observed to be 0xE9.
This is important to know because only bit 5 should be changed, and the smallest quantity that can be

written is the entire byte.

e  The OEM config. table already has 6 entries (numbered 0 through 5) in the init_cycles table. In other
words, the first available entry is number 6.

Example values for the corresponding init_cycles

* init_cycles[6].addr = 0x00008140
The PCI device number is encoded by setting only one bit out of bits 31:11. Bit 15 is set because
11 +4 = 15. Bits 10:8 contain the function number. Bits 7:2 are the offset of the 32-bit word
containing the desired byte. Bits 1:0 are always zero.

* init_cycles[6].cnmd = Ox0B

This is the PCI command number for a configuration write.

* init_cycles[6].be = 0x04
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Setting bit 2 of the PCI byte enable selects the desired byte within the 32-bit word addressed above.
e init_cycles[6].data = 0x00C90000
The data byte written is the value previously observed at that location before a CMS upgrade, but bit 5
is cleared to 0. The data byte must be positioned in the 32-bit word as described by the byte enable
field above.
e init_cycles[6].action = 0x02
Setting bit 1 causes this bus cycle to execute immediately before a CMS upgrade starts.
e init_cycles[7].addr = 0x00008140
The address on the bus cycle to re-assert WP is the same as on the bus cycle to negate it above.
e init_cycles[7].cmd = Ox0B
This is the PCI command number for a configuration write.
e init_cycles[7].be = 0x04
Setting bit 2 of the PCI byte enable selects the desired byte within the 32-bit word addressed above.
e init_cycles[7].data = 0xO00E90000
The data byte written is the same as init_cycles[6].data, but bit 5 is set to a 1.
e init_cycles[7].action = 0x04

Setting bit 2 causes this bus cycle to execute immediately after a CMS upgrade finishes.

2.9 Mode Bit ROM Settings

2.9.1 Programming the Mode Bit ROM with WinTMM

The mode-bit ROM can be programmed using the Transmeta Debug Module (TDM) in conjunction with
the Transmeta configuration software utilitcy WinTMM. See the TM5400/TM5600 Development and
Manufacturing Guide for information on the use of the WinTMM configuration utility with the TDM.
Follow the instructions below to program the mode-bit ROM with the recommended start-up
configuration parameters.

To read the current mode-bit ROM parameter settings using WinTMM, enter:

wintmm -D
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WinTMM should display a mode-bit ROM parameter value table similar to that shown below. The mode-
bit ROM field DCT_CK_RI SE, highlighted below, is the parameter to be changed from a value of 1 to a

value of 0.
| GNORED) 3: 0]
BOOT_OPT[ 1: 0]

LT_SCLK_RI SE[ 3: 0]
LF_SCLK_RI SE[ 3: 0]
CD_DI V[ 3: 0]

| CD_CK_RI SE[ 3: 0]

| C_BYP_EN 0: 0]

| CT_CK_RI SE[ 3: 0]

| CT_CK_FALL[ 3: 0]
DCD_CK_RI SE[ 3: 0]
DC_BYP_EN[ 0: 0]
DCT_CK_RI SE[ 3: 0]
DCT_CK_FALL[ 3: 0]
L_CLKQUT[ 0: 0]
STP_EN 4: 0]

Kl L

LA SCLK_RI SE[ 3: 0]
DI_DI V[ 3: 0]
PLL_TRI M 1: 0]
NO_PLL_CHOP[ 0: 0]
DI'S _PLL_HYP[ 0: 0]
HCLK_DI V[ 0: 0]
PCl_DI V[ 4: 0]
RESERVED2[ 0: 0]
CD_OLD_RST[ 0: 0]
EPROVA[ 2: 0]

SROM TYPE] 1: 0]

DI _OLD_RST[ 0: 0]
DRV_PCl _PADS[ 0: 0]
CD_CONFI § 2: 0]
HCLK_66M-Z[ 0: 0]

OQOOOONOOOOPFRPROOOWROORPRPFPOONMWODOOOPRPROOWOWROPFRPOWORPOWAMAMOWLOWWERO

I gnor ed

nmodebi ts: SROM=01, 10/ def aul t =00 (parall el
Load adjust for tag sense cl ock

Load adjust for Flook sense clock

CD Frequency = TML20 Frequency / CD DV
cache data Sclk rise node

cache Scl k bypass enabl e

cache tag Sclk rise node

cache tag Sclk fall node

cache data Sclk rise node

cache Scl k bypass enabl e
cache tag Sclk rise node
cache tag Sclk fall nopde
Kill clkout pin

Cl ock Stop Enabl es (Core,
No Cl ock Control

CLKI N Frequency (0=30, 1=60, 2=66, 3=33)

N A (actually controlled by TML60 CSR)

| - Cache boot

TML20 Frequency = CLKIN Frequency * CK_MILT
Control of loop resistor in the PLL

Add phase delay to PLL reference path

Add phase delay to PLL feedback path

Adj ust | evel converter bias on the voltage shifter
Load adjust for D-cache sense clock

DI Frequency = TML20 Frequency / DI _DIV

Main PLL current trim

Don't chop main PLL

Di sabl e main PLL hyperactivity

HCLKI N i nput divide by 2

PCl Frequency = TML20 Frequency / PClI_DIV
Reserved

CD unit old reset

boot), 11

-->set to O

OQ0oo~~—~—~—

PI, DI, CD, unused)

EPROVA (EPROVA[0] = 1 -> Serial Flash boot)
SROM type (0=Mac., 2=0.5MB At., 3=1MB At.)
DI unit old reset

Drive PCl pads during power managenent

CD SDRAM Confi gurati on
PCl CLK is 33MHz

RESERVED3] 1: 0] Reserved
PCl _SAFE_DLY[ 2: 0] PCl _SAFE_DLY
RESERVEDA4] 1: 0] Reserved
TLB_SENSE_CK[ 2: 0] Tl b sense clk
RESERVED5] 2: 0] Reserved
NO_DCQZE[ 0: 0] Prevent 10 drivers fromgoing into ' DOZE state
I NSOWNI A[ 0: 0] Di sabl es ' Sl eep’ node
DI _FALL[0: 0] N A (actually controlled by TML60 CSR)
To program the mode-bit ROM with the improved parameter settings, enter:
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wintmm -S DCT_CK_RISE 0
Programming the Mode-Bit ROM with a Device Programmer

The mode-bit ROM can be programmed using standard serial flash ROM device programmers. Follow the
instructions below and the procedures appropriate for the device programmer used to program the mode-bit
flash ROM device.

The current default mode-bit ROM value (in hex) is:

Default mode-bit ROM value = €104200c0{61c0d8451ac1818030

Program the mode-bit ROM device with the following improved value (in hex):

Improved mode-bit ROM value = ¢104200c0f60c0d8451ac1818030
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Chapter 3

PWB Layout

3.1 Very Important Layout Requirements

These items are required if the design is to meet specified operating frequencies.

VDDCORE is placed on PWR/GND layer and bottom layer. If possible place a VDDCORE plane on

as many layers as possible.
GND 1, signal return path for traces on Signal 1 and 2. GND 1 Plane is to be solid, no breaks or cuts.

GND 2, signal return path for traces on Signal 3 and 4 (6 and 5 for ten layer stack-ups). GND 2 Plane
is to be solid, no breaks or cuts.

Anti-Pad treatment for vias on GND 1, GND 2, PWR and PWR/GND layers. Pad diameter is to be
smaller than the via hole. With .007" to .008" clearance from the via hole to the plane. This will result
in .022" t0 .023" copper between vias under the CPU.

NOTE: If normal anti-pad treatments were used, the amount of copper under the chip is severely decreased
which limits processor performance.

Prepreg material between PWR and PWR/GND layers should be .003" to .005".

Signals run on Signal 3 (Inner Layer 5) are not to cross any cuts or breaks on the PWR/GND plane
(Inner Layer 4)

Non-critical signals to be placed on Signal 4 and Signal 3, Traces on Signal 4 are not to cross any cuts or

breaks on PWR/GND layer.

HCLK and PCI_CLK to the processor should have matched lengths. Also, each PCI device/slot clock
should be matched to this same length.

All vias on the pad side of the PCB CPU BGA footprint must be covered with soldermask. Failure to
do so will potentially short signals together during the soldering process.

TR A NS M £ TA 7 Confidential Information—NDA Required 43
M



October 13, 2000

44

3.2

3.2.1

Layout Guidelines

PreliminaryInformation

e Keep trace lengths as short as possible.

TM5400/TM5600 System Design Guide

e For improved manufacturing of the PWB, 6 mil traces and 6 mil spaces is recommend for the outer
two layers (top and Bottom), with 5 mil traces and 5 mil spaces on the internal layers.

e No cutouts in the outer two ground planes.

*  When routing signals between the inner signal layers, insert a ground via next to the signal via.

Recommended Eight Layer PWB Stackup

Signal Layer Material

Signal 1 Top V3 oz. copper
GND 1 Inner Layer 1 1 oz. copper
Signal 2 Inner Layer 2 V5 oz. copper
PWR Inner Layer 3 1 oz. copper
PWR/GND Inner Layer 4 1 oz. copper
Signal 3 Inner Layer 5 5 oz. copper
GND 2 Inner Layer 6 1 oz. copper
Signal 4 Bottom V5 oz. copper

3.2.2 Recommended Ten Layer PWB Stackup

Signal Layer Material
Signal 1 Top V5 oz. copper
GND 1 Inner Layer 1 1 oz. copper
Signal 2 Inner Layer 2 V3 oz. Copper
Signal 3 Inner Layer 3 V5 oz. Copper
PWR Inner Layer 4 1 oz. copper
PWR/GND Inner Layer 5 1 oz. Copper
Signal 4 Inner Layer 6 V5 oz. Copper
Signal 5 Inner Layer 7 V5 oz. copper

Confidential Information—NDA Required
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GND 2 Inner Layer 8 1 oz. copper

Signal 6 Bottom Y5 oz. copper

3.3 Power Supply Decoupling Layout

TM5400/TM5600 VDDCORE decoupling caps (8 x .22uf X7R 0603) should be placed directly
underneath the processor on the opposite PCB side (shown below). VDDCORE plane shown in diagram
should extend significantly beyond the processor for connection to other peripheral decoupling caps.
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FIGURE 6 TM5400/TM5600 VDDCORE Underside BGA Decoupling Example
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3.4 Processor Footprint

FIGURE 7 TM5400/TM5600 Mechanical Footprint
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3.5 BGA Pin Escape Diagram

FIGURE 8 BGA Pin Escape Example
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3.6 Recommended Standard Spacing/Line/Via

3.6.1

Constraints

Preliminary Information

All data is taken from Allegro.

October 13, 2000

Line to Line 5 mils
Line to Pad 5 mils
Pad to Pad 5 mils
Line width 5 mils
Via 25/12
Etch on subclass | allowed
Same net DRC off

Allegro Extended Spacing Constraints

Default - Global (all etch/layers)

Pin to Pin

Line to Pin

Line to Line

Via to Pin

Via to Via

Via To Line

Shape to Pin

Shape to Via

Shape to Line

Shape to Shape

Thru Pin

10

10

10

SMD Pin

Test Pin

10

10

10

Thru Via

10

10

10

10

10

Test Via

10

10

10

10

10

B/B Via

10

10

10

10

10

Line

N|[Co|[CO|o|[Wn|wWn|Wn

(VAN RV, IRV, T BV, T BRI A B BV

N | NN NN | Wn

TRANSMETA W
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Shape 5 5 5 5 5 5 5 5

Thru SMD Test Thru B/B Test Line Shape
Pin Pin Pin Via Via Via

BGA - Global (all etch/layers)

Pin to Pin 5
Line to Pin 5
Line to Line 5
Via to Pin Hx
Via to Via 10
Via To Line 5
Shape to Pin 5
Shape to Via x
Shape to Line 5
Shape to Shape 5

Thru Pin 5 5 5 5 5
SMD Pin 5 5 5 5 5
Test Pin 5 5 5 5 5
Thru Via 6 7 6 10 10 10 5 o
Test Via 6 7 6 10 10 10 5 o
B/B Via 6 7 6 10 10 10 5 o
Line 5 5 5 5 5 5 5 5
Shape 5 5 5 o o o 5 5
Thru SMD Test Thru B/B Test Line Shape
Pin Pin Pin Via Via Via

CLKS - Global (all etch/layers)

Pin to Pin 5
Line to Pin 5
Line to Line 15
Via to Pin Hx
Via to Via 10
Via To Line 5
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Preliminary Information

October 13, 2000

Shape to Pin 5
Shape to Via 5
Shape to Line 15
Shape to Shape 15
Thru Pin 5 5 10 10 10 5 5
SMD Pin 5 5 8 8 8 5 5
Test Pin 5 5 10 10 10 5 5
Thru Via 10 8 10 10 10 10 5 5
Test Via 10 8 10 10 10 10 5 5
B/B Via 10 8 10 10 10 10 5 5
Line 5 5 5 5 5 5 15 15
Shape 5 5 5 5 5 5 15 15
Thru SMD Test Thru B/B Test Line Shape
Pin Pin Pin Via Via Via
NOTE Constraint set values not the same for all subclasses.

Allegro Extended Physical (Lines/Vias) Constraints

Default—All etch
Min Line Width 5
Min Neck Width 5
Max Neck Length 0
Allow on Etch Subclass Allowed
‘T’ Junctions Anywhere
Min BBvia Stagger
Max BBvia Stagger
Pad/Pad Direct Connect All Allowed
Current Via 25/12

PCI—AII etch
Min Line Width 5
Min Neck Width 5
Max Neck Length 0
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Allow on Etch Subclass

Allowed

‘T” Junctions

Pins & Vias Only

Min BBvia Stagger

5

Max BBvia Stagger 5

Pad/Pad Direct Connect All Allowed

Current Via 25/12
CLKS—AII etch

Min Line Width 5

Min Neck Width 5

Max Neck Length 0

Allow on Etch Subclass Allowed

‘T” Junctions

Pins & Vias Only

Min BBvia Stagger

5

Max BBvia Stagger 5
Pad/Pad Direct Connect All Allowed
Current Via 25/12

Allegro Extended Electrical (Lines/Vias) Constraints

Max Stub Length | Max Via Count
Default 0 mils 0
CD 0 mils 0
CLKS 600 mils 5
PCI 1500 mils 6
SDRAM_D 300 mils 4
SDRAM 600 mils 4

3.7 Recommended PWB Fabrication Notes

52

The finished printed circuit board shall meet the requirements of IPC-A-600.

Configuration of the printed circuit board not specifically dimensioned on the drawing shall be
controlled by the gerber data.

Confidential Information—NDA Required

TRANSMETA W



TM5400/TM5600 System Design Guide Preliminary Information October 13, 2000

3.8

Material: .056 +/- .006 thick glass epoxy, natural color. Laminated NEMA grade FR4. See layer stack-
up for copper weight and layer orientation. Core and prepreg combinations are optional to the
manufacturer unless otherwise specified in the layer stack-up.

Plating: All holes and conductive surfaces shall be plated with .001 copper minimum. All copper areas
not covered by solder mask shall be solder coated .0003 minimum.

All hole diameters are stated as finished hole sizes.

Fabrication tolerances: End product trace widths and lands shall not vary more than the smaller of .002
or 20% of the trace width from the gerber data.

Solder Mask: Photo-imaged liquid polymer on both sides of board in accordance with IPC-SM-840,
type B Class 2 over bare copper.

Component Marking: Silkscreen component side (and solder side) white, non-conductive epoxy ink.
Lands and exposed plated areas to be free of ink.

Bow and Twist: Shall not exceed .005 inch per inch.

Electrical Test: The printed wiring board shall be electrically tested for opens and shorts. The results of
the electrical test shall be documented and delivered along with each lot.

Identification: Vendor logo to be etched on the solder side, silkscreen data code on the bottom side.
Characteristic Impedance: 55 ohms +/- 10%.

Do NOT match impedances on traces wider than 6 mils.

DDR SDRAM

The CD port DDR SDRAM operates at frequencies of 133Mhz or more. Use standard high speed layout
design practices.

Some general guidelines in DDR memory layout are:

Traces are routed in groups: DQS, DQMB, and 8 DQ lines.

The DQ lines within each byte must be the same length as DQS and DQMB lines in that group to
within +/- 0.4”

Layout components as shown below (numbers refer to schematics). The components should be exactly
on top of one another in this order. Devices 0-1 get clock A/A# and devices 2-3 get differential clock
pair B/B#
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* A nominal DDR SDRAM layout must have CD signals less than 2 to 3 inches. It is recommended to
layout the TM5x00 and the CD memory first with trace lengths as short as possible in order to obtain
a nominal layout.

¢ DQ and DQMSB signals must be shorter than DQS signals by 5% of the trace length. (i.e., DQS must
be longer than DQ/DQMB by +5%).

FIGURE 9 Recommended DDR Layout

top ‘ ‘ bottom ‘ Place components one over the other
on opposite sides of the board. in this
order. See Schematic for numbering
DDR 3 scheme.
us
DDR O
us
TM5400
DDR 2
u7
DDR 1
U6
o )

e The differential clocks should be as close to exactly the same length as possible.

e All byte groups are swappable with other byte groups and all data bits within each byte are swappable to
facilitate meeting length requirements.

3.8.1 DDR Trace Route Examples

Primary Side (Top)

The figure below shows connections from the TM5400/TM5600 to the DDR memory on the primary
(top) side of the board.
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FIGURE 10

Internal Layer

Preliminary Information

4-Chip DDR Memory Layout, Top Layer
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The figure below shows connections from the TM5400/TM5600 to the DDR memory on an internal side

layer of the board.

TRANSMETA W
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FIGURE 11 4-Chip DDR Memory Layout, Internal Layer
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3.8.2 Secondary Side (Bottom)

The figure below shows connections fromthe TM5400/TM5600 to the DDR memory on the secondary
(bottom) side of the board.
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FIGURE 12 4-Chip DDR Memory Layout, Bottom Layer
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Chapter 4

Thermal Design Considerations

4.1

4.2

This chapter outlines an example of a thermal solution for Transmeta processors in a laptop computer
environment.

Overview

The processor is typically the most concentrated heat generating component in a computer system. In order
for the component to operate within specified temperature limits (<85 degrees Celsius for the TM5400/
TM5600), the heat must be pulled away from the chip. This can be accomplished in a variety of ways, the
most popular are cooling fans and metal heat sinks which conduct heat to other parts of the product.

Transmeta processors are extremely low-power and require only a heat sink or Thermal Transfer Device
(TTD) to sufficiently cool the chip to operating temperature ranges. Each product is a unique problem,
however. The mechanical characteristics and PCB layout play an important role in the heat of a system and
may require more elaborate cooling methods. Conversely, some systems might not require any thermal
solution at all. Thermal design guidelines are discussed later in this document.

Also, the effectiveness of this example solution (TTD) is demonstrated. The design of this TTD is shown
for reference.

Thermal Design Guidelines

¢ Use a heat transfer plate to conduct heat away from the processor into the bulk of the portable device.

*  Most portable electronic devices (laptops, Internet appliances, etc.) do not have a lot of bulk metal in
the case or rest of the design for weight and cost reasons. In order to provide a bulk region in the device
to absorb the processor’s and other component’s heat, thermally conductive magnesium cases can be

used in addition to thicker PCB ground planes.

*  The keyboard of a laptop device often has a metal frame which serves as a good place to redistribute
processor heat.

e Thermal transfer device (TTD) should bolt to the PCB and preferably connect to the ground plane of
the PCB to increase thermal conductivity to the PCB. The TTD should come within 20 mils (.02”) of
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the top of the processor die. Use of a thermally conductive pad should be used between the top of the
die and the TTD (Bergquist Gap Pad for instance).

e TTD shown is made of aluminum with gold flash or other metal with high thermal conductivity.

e TTD contact surface area to case or other device heat sink (i.e. bottom of keyboard) should be as big as
possible for most efficient heat redistribution; about 3-5 in? should be sufficient. Square or rectangular
shape oriented similar to the die is preferable shape to offer the most uniform heat distribution.

e Use of thermally conductive pad (i.e. Bergquist Gap Pad) should be used between TTD and device heat
sink or case. (‘heat sink’ meaning the bulk material to which heat is being redistributed inside the
device)

¢ Locate the processor as close as possible to the TTD heat transfer point (i.e. keyboard bottom, case,
etc). This increases the effectiveness of the TTD as well as simplifies its design. Also, reduce the cost of
the overall thermal solution by not requiring a heat pipe or other heat channeling device to transfer the
processor heat over a long distance.

4.3 Thermal Transfer Device (TTD) Example Design

The TTD is screwed into the PCB near the 4 corners of the BGA. (For PWB and mechanical guidelines, see
Chapter 3, PWB Layout.) A Berquist Gap Pad (.02” thick) is used to make contact between the die and the
TTD. In this design, the processor is underneath the keyboard which has a metal base. The TTD was
designed to come within .02” of the bottom of the keyboard and .02” from the top of the die. Thermally
conductive pad is used to make contact to the bottom of the keyboard. The surface area of the TTD is as big
as possible given space restraints (about 3” square). This TTD is about .1” thick. See the mechanical
drawings below for more information.

FIGURE 13 Thermal Measurement Probe Placement in Laptop System

Bottom of Keyboard

[ Thermal Pad (0.02")
Thermal Transfer Devide (TTD) Bottom of Keyboard

Top of TTD

Botts of TTD
| Thermal Pad (0.02") Tc?p grl;nDie

Die Top of Package
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Temperature measurements shown in Figure 14 and Figure 15 display temperature of measurements points
marked in Figure 13 taken over a short time. The system had been running for a long time in both cases and
temperatures were stable around the measurements shown.

The system running Windows idle is relatively cool since not much processing is going on. Conversely, a
DOS Prompt running under Windows is one of the most power hungry programs available and makes a
good high power/heat benchmark.

The TTD does a good job of redistributing the heat from the die into the bottom of the keyboard (and

eventually to the ambient temperature. Without the TTD, the processor would be near recommended
operating temperature limits.

4.4 Thermal Measurements

4.4.1 400Mhz TM120 at 1.7V

Windows Idle

FIGURE 14 Thermal Measurements of TTD in Laptop System—Running Windows (ldle)

Temperature in Celcius Over Time Windows Idle Mode

38
VI g——————— —— ———¢—eo—o—% ~—
v v
36
35
& L L L L L L L L L
0 X X X X 0 0 0 0 0 X
34
L L L L L L L L L L Il
33 ] 1 1 1 1 1 1 1 1 1 I
32
0 sec 1 sec 2 sec 3 sec 4 sec 5 sec 6 sec 7 sec 8 sec 9 sec 10 sec
—&—Bot of PCB 36.876 | 36.876 | 36.993 | 36.876 | 36.876 | 36.876 | 36.876 | 36.876 | 36.876 | 36.876 | 36.993
—li—Top of PKG 36.394 | 36.394 | 36.394 | 36.394 | 36.394 | 36.394 | 36.394 | 36.511 | 36.511 | 36.394 | 36.511
Top of Die 37.072 | 37.072 | 37.072 | 36.955 | 36.955 | 37.072 | 37.072 | 37.072 | 37.189 | 37.072 | 37.072
Bot of TTD 35.351 | 35469 | 35.351 | 35.351 | 35.351 | 35.351 | 35.351 | 35.351 | 35.351 | 35.351 | 35.351
==Top of TTD 34.735 | 34.735 | 34.735 | 34.735 | 34.735 | 34.735 | 34.735 | 34.735 | 34.618 | 34.735 | 34.735
—8—Bot of Keyboard| 33.498 | 33.498 | 33.616 | 33.616 | 33.498 | 33.498 | 33.498 | 33.616 | 33.616 | 33.616 | 33.498
== Ambient 33.16 33.16 33.16 33.16 33.16 33.16 33.16 33.16 33.16 33.16 33.16
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Windows Busy (Dos Prompt)

FIGURE 15 Thermal Measurements of TTD in Laptop System—Running DOS in Windows (Busy)
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Temperature in Celcius Over Time Windows Busy (Dos Prompt) Mode

000
 — i i——a— = — = 3
e : R e e e e X
—® ——o ¢ o 0 —o —eo—o o
0 sec 1 sec 2 sec 3 sec 4 sec 5 sec 6 sec 7 sec 8 sec 9 sec 10 sec

—4—Bot of PCB

61.93 62.041 61.93 | 62.041 | 61.972 | 61.972 | 62.041 | 62.041 | 61.972 | 62.041 | 62.041

—li— Top of PKG

59.662 | 59.674 | 59.674 | 59.562 | 59.716 | 59.716 | 59.562 | 59.674 | 59.716 | 59.674 | 59.674

Top of Die

66.323 | 66.323 | 66.212 | 66.323 | 66.364 | 66.364 | 66.323 | 66.323 | 66.364 | 66.323 | 66.433

Bot of TTD

57.336 | 57.336 | 57.336 | 57.336 | 57.378 | 57.491 | 57.336 | 57.448 | 57.491 | 57.336 | 57.448

—=Top of TTD

55.617 55.73 55.617 | 55.617 | 55.546 | 55.546 | 55.504 | 55.617 | 55.546 | 55.504 | 55.955

—@— Bot of Keyboard

49.672 | 49.672 | 49.558 | 49.672 | 49.601 | 49.715 | 49.672 | 49.672 | 49.715 | 49.672 | 49.672

=t Ambient

41.98 41.98 41.98 42.096 | 42.023 | 42.023 | 42.096 | 42.096 | 42.023 | 42.096 | 42.096

4.5 Power Measurements

TABLE 3 Power Consumption of TM3200 at Thermal Measurement Operating conditions

TM3200 TM3200 Power Consumed Power Consumed

Speed Voltage (Windows Idle) (Windows Busy)
(with power management)

400MHz 1.5V 1.44W 3.36W

400MHz 1.7V 1.77W 4.32W

500MHz 1.8V TBD TBD
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4.6 TTD Mechanical Specifications

FIGURE 16 Thermal Transfer Device Mechanical Cross Section
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FIGURE 18 TTD Mechanical Bottom View
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FIGURE 19 TTD Mechanical Bottom View
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4.7 Thermal Transfer Device Pictures

FIGURE 20 Crusoe Processor and TTD Mounting Holes

FIGURE 21 TTD Over the Crusoe Processor
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FIGURE 22 TTD In Place Over the Crusoe Processor

FIGURE 23 Bottom of PC Board, Screws for TTD
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NOTE

5.1

Chapter 5

Crusoe Processor Reference

Schematics Description

The reference schematics are a fully implemented core design with all elements shown in the block diagram
in Chapter 1, System Block Diagram.

The schematics were designed in Orcad Capture V9 and the source is available to customers. The processor
was split apart into 4 schematic symbols that span pages 2-5. Layout issues of the DRAM are discussed in
the Layout section.

The Reference Schematics describe both TM3200 and TM5400/TM5600 processors.

Core Schematics

Page 1. Index

Index page of schematics.

Page 2. TM3200 and TM5400/TM5600 CD (CMS Dram) Connections

This page shows all the signals and off page connectors which go to the CD termination resistors and
eventually to the DDR dram. The CD interface of the TM5400/TM5600 has differential clock drivers and
requires a reference of IOVDD25/2 (1.25V) to the C_VREF pin. 1% resistor divider from the V_25S
supply generates the reference.

Page 3. TM3200 and TM5400/TM5600 DI (DRAM Interface) port

e This section also includes other TM3200 or TM5400/TM5600 signals like clocks and resets. The DI
connections are shown with off page connectors that go to terminations resistors and to the DI
memory in the design. The DI interface of the TM3200 has 8 chip selects, 8 clocks, and 4 clock
enables for SDRAM. The DI interface of the TM5400/TM5600 has only 4 chip selects, 4 clocks, and
2 clock enables. All the clocks and clock enables are identical and are provided for loading reasons.
Each clock and chip select is capable of driving up to 8 loads, but for highest speed operation, x16
memory devices are recommended to reduce the amount of loading to 4 devices per chip select. To
design a TM3200 system compatible with the TM5400/TM5600, use only S_CS#[3:0], S_CLK][3:0],
and S_CKE#[1:0] on the TM3200.
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The schematics show connections to 2 SO-DIMM slots. If only one SO-DIMM slot is to be used and
soldered down memory is used as well, connect the signals from SO-DIMM#1 to the soldered down
memory. By convention, the highest order bank chip select S_CS#[3:2] should be connected to the
most permanent DI memory. Chip selects 1-0 go to SO-DIMM slot 0, 3-2 go to SO-DIMM slot 1,
and chip select 2 is used also for the soldered down bank of SDRAM if a second SO-DIMM is not
used. The OEM configuration table must reflect this info so CMS will know where to look for memory
at boot time. Clock enable signals have strong drivers and only one clock enable is needed per pair of
chip selects.

e The S_CLKOUT and S_CLKIN signals are used for loop timing by the DI port. Connect these
signals with a 33 ohm resistor at the source (S_CLKOUT) and make the trace length a calculated
length equal to the average of all the data line trace lengths.

¢ The TDM connects to the TM3200 or TM5400/TM5600 here at S_SDATA and S_SCLK pins (12C).
The TM3200 or TM5400/TM5600 use P_RST# for its master RESET# signal. The TDM is also able
to assert P_RST# by connecting it via 1.2k resistor to TDM_RST# since P_RST# is not an open
collector signal.

e If designing for TM5400/TM5600 compatibility, note the test point connections to reserved pins that
become ‘SNIFF pins on the TM5400/TM5600.

e TM5400/TM5600 SNIFF pins should be connected to test points if it is desired to inspect these
signals.

e The SLEEP# signal is connected to the south bridge SUSPEND_STATUS signal (SUS_STAT1# on
the PIIX4 or SUSPENDY] output on the ALI M1535). Make sure that, depending on which south
bridge you are using, the signal is not over 3.3V. The ALI M 1535, for example, has a 5V SUSPEND]
signal and must be level translated to 3.3V before going to the TM3200 or TM5400/TM5600. This is
accomplished with a quickswitch with a 4.3v power supply as shown on the M1535 page.

Page 4. TM3200 and TM5400/TM5600 PCI and Other Misc. Connections

e P_LOCK# is pulled-up to V_3S but not connected to any other system component.

e TM3200 or TM5400/TM5600 JTAG connections to the TDM are shown. TDM_TRST# is also
connected to P_PCI_RST# pin (P_RST# signal) through a 4.7k resistor. This is so the debugger can
issue a JTAG reset without asserting P_RST#.

e P_PERR# connects to PCI connectors and/or PC card interface which is out of the scope of the core.

*  Isolation Quickswitch on P_HOLD# signal is there to fix a chip errata and is required for TM3200.
Please implement this circuit exactly as shown. A install the bypass resistor for TM5400/TM5600
(which doesn’t need this fix).

e All reserved pins should be pulled up/down or left unconnected as shown. Also, Reserved_(G2) is
connected to the P_HOLD# quickswitch and also pulled down as shown. This signal is used by CMS
with the quickswitch to implement ISA_REQ# compatibility.
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e EPROMAJ2:1] are ROM bank select pins that connect to a parallel ROM for CMS/BIOS if no serial
ROM is used. Example connections are shown in subsequent pages.

e PCI connections connect outside of the core but examples of connections to several south bridges are
also shown in other pages.

¢ The Maxim MAX1617 Temperature sensor is shown connecting to the DIODE_CATHODE/
ANODE pins of the processor. The QS3257 MUX shows an optional way to intercept this device from
a south bridge SMBUS 12C bus and temporarily reroute the ATF 12C signals to the TDM debugger to
be read. The ATF_INTCPT signal comes from the TDC connections on “Page 11. CMS and Mode
ROMs, TDM Debug connectors” on page 70.

e The TM5400/TM5600 requires a pull-up to V_25S on FERR# and be sure to include a resistor pad
for TM5400/TM5600 compatibility. Also, on initial versions of the TM5400/TM5600, the VRDA(]
pins are 2.5V only and will require a level translation to 2.5V at the TM5400/TM5600 for protection.

*  The P_REQI5..0]# inputs of the TM3200 and TM5400/TM5600 are pulled up to V_3S.

e P_GNT#[] outputs will be tri-stated when the TM3200 or TM5400/TM5600 is in deep sleep. Ensure
they are pulled up for other system components that the P_GNT(] signals connect to (pull-ups must
be tied to V_3S (IOVDD).

Page 5. TM3200 and TM5400/TM5600 Power connections

This page shows all the power connections and recommended decoupling for the TM3200 and TM5400/
TM5600.

For VDDCORE: Use 8 x.1uf 0603 X7R ceramic caps under the TM3200 and TM5400/TM5600. 20 x
1uF 1206/0805 X7R ceramic caps surrounding the chip. 6 x 220uF Tantalum low ESR (100m ohm or less)

as bulk capacitance as close to the chip as possible.

IOVDD : use 14 x 1uF X7R 1206/0805 ceramic caps as close to the chip as possible. Use 2 x 22uF
Tantalum low ESR caps for bulk.

IOVDD25: 8 x 1uF X7R 1206/0805 ceramic caps as close to the chip as possible. 1 x 22uF Tantalum low
ESR cap for bulk capacitance.

The connection between V_25S and IOVDD2S5 is shown.

Page 6. CD Memory

One bank of DDR Memory is shown with it’s connections to the TM5400/TM5600 CD memory port.
V_REFCD should be V_DDRCORE/2. A layout block diagram is also shown. This is addressed in more
detail in the layout section of this document.
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Page 7. CD Memory Termination

All memory signals are series terminated. 33 ohms is appropriate for this configuration. If more than 1
bank of DDR were used, impedance should be verified.

DDR clock enable signals need to be filtered through the QS3257 MUX which will select a pull-down for
the device’s signal when SUSPEND_STATUS is asserted (notifying that the system is in STR/STD mode).
This MUX scheme protects the DDR from signal transitions on the clock enable signals as the processor
comes in and out of a power down state.

Page 8. DI Memory Bank 0-3 (SO-DIMM slots #0 and #1).

2 SO-DIMM slots are shown with their connections. Decoupling caps should be placed as close to the
connectors as possible.

TM3200 and TM5400/TM5600 DI Chip selects 0 and 1 control slot #0 and 2 and 3 control slot #1.

Since SO-DIMM DRAM use a fixed address 12C SPD (serial presence detect), the I2C connections to the
south bridge SMBUS 12C bus must be multiplexed. The DIMM_B_SEL# control signal for the MUX
should come from a GPO pin on the south bridge. If only one SO-DIMM slot is to be used, the MUX is
not needed and SMBUS can simply be connected directly to the SO-DIMM. Also note that the SO-
DIMM SPD bus does not have an 12C address so the MUX enable is used (DIMM_B_SEL_EN#) and
should be controlled by a GPO pin from the south bridge.

Page 9. DI Soldered Down Memory Bank

Four x16 bit devices are shown as soldered down DI memory and connected to CS2# from the TM3200 or
TM5400/TM5600. The most ‘stable’ or known memory configuration should be at the highest order DI
chip select.

Use this memory only in place of one SO-DIMM#2 slot if designing for TM5400/TM5600 compatibility.

Page 10. DI Memory Termination

Every DI memory signal is source series terminated. 18 ohms should be fine for this example but designer
should recalculate based on specific design.

Like in the CD memory terminations, the DI clock enable signals are fed through a SUSPEND_STATUS
controlled quickswitch MUX to avoid signal glitches during TM3200 or TM5400/TM5600 power

transitions.

Page 11. CMS and Mode ROMs, TDM Debug connectors

Typical connections to the 8Mb CMS ROM and 2Kb serial Mode Bit ROM are shown as well as TDCA
and TDCB (Transmeta Debug Connectors A and B) to the TDM. For this serial ROM device, only one
chip select is needed but the other is shown for reference. The TDM connects to these devices through
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NOTE

5.2

NOTE

NOTE

directly while a 220 ohm resistor separates the TM3200 or TM5400/TM5600 signal from the TDC signal.
This is so the TDM can drive these signals without contention to the processor’s signals. Note how

P_RST# and PWRGD_CORE are used as reset for the mode ROM and the CMS ROM, respectively.

TDCA has a predefined pinout. If using the vertical style, top-contact connector, this pinout is used but
reverse the pinout if using the right angle, top-contact FPC connector in your design (which also applies to

the TDCB).

TDCB is an optional 24pin debugger cable. All pins are user defined. (see TDM spec for more detail).
These schematics show the pinout of both connectors using the vertical style connector.

TDCB is shown in a typical use scenario but it is up to the designer exactly how this connection might be
used.

Note that it is important to ensure that any connection going to the TDM connectors should be pulled up
or down as needed somewhere in the design.

Write Protect PLD addition to CMS Serial Flash ROM

A 22L.V10 PLD isadded to intercept the TM5400/TM 3200 SROM_CS[1:0]# signals to the serial Flash
SROM device(s). The PLD intercepts write cycles to the device when writes are not authorized
(controlled by a GPIO pin from the south bridge chip). Thisaddition is required for al systems using
serial Flash ROM for CM S storage; systems using the parallel ROM for CM S storage do not require a
PLD. The programming file and code can be obtained from Transmeta.

System Level Reference Schematics

The following schematics are not part of the strict Crusoe CORE but are shown for reference to see typical
connections to components that interact intimately with the core.

Page 12. Power Supply : VDD _CORE—LTC1736
Page 13. Power Supply : VDD_CORE—MAX1711

The Maxim MAX1711 is used to generate VDD_CORE for the TM3200. Connector TDC-B (Transmeta
Debug Connector) connects to the D[] inputs which allow the debugger to dynamically vary CPU core
voltage for testing. This device has an internal pull-up on the D[] to 5V so only a pull-down is required in
determining the boot up voltage. SHDN# is controlled by the south bridge STR_CTL signal which is
asserted during CPU power down modes. Circuit should be modified if needed to match exact user
requirements.

Ton pin should be left open (300kHz operation). High Side FET is FDS4410. Low side FET is FDS6680A.
(FDS4410 may also be used as a low side FET but is not as good a choice as the 6680A for overall
efficiency). The inductor is 1.8uH, 7A. Rlim is 270k for FDS6680A (use 440k if FDS4410 is used). Use
6x220uF 50mohm ESR or less.
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These changes are important in order for the supply to meet the current requirements of a TM5400 using
Longrun. See reference schematics for details.

NOTE  Added schmitt trigger/FET circuit as shown to 1736/1711 powergood filter to sharpen the edges on
PGOOD.

outputPage 14. BIOS Boot ROM with CMS option

This circuit uses the Fujitsu 29F160 2MB Flash ROM. Shown are connections of the TM3200 or
TM5400/TM5600 EPROMA[2:1] signals to the highest order address bits of the ROM to act as bank
selects. These signals allow the TM3200 or TM5400/TM5600 to control the lower 3/4 of the device for
CMS and allow only the upper 1/4 to be accessible to the x86 BIOS code.

Also shown is the ROM un-protection circuit used to release protected sectors in the ROM and allow them
to be updated. The CMS sectors should all be protected which will prevent them from from erasure by an
‘erase all' command (issued by x86 code). During a CMS upgrade, the CPU will assert the ' UNPROTECT"
signal, which is connected to the TM5400/TM5600 RSVD_G2 pin, in order to unlock the protected CMS
sectors. (This is accomplished by providing 12V to the ROM chip). This un-protection circuit is not used
in TM3200 systems since the RSVD_G2 pin is not available. To allow CMS upgrades in a TM3200 system,
the lower 2 of the ROM should be protected and will not be upgradeable in the field. The remaining,
unprotected, CMS sector(s) will store upgrades to CMS.

Page 15. Power Supply : Memory

Maxim’s MAX1655 is used to generate the V_25 and V_25S needed for the TM3200 or TM5400/
TM5600 CD interface and the 2.5V DDR Memory. The south bridge STD_CTL signal is used to control
SHDN# control signal since STD_CTL (SUSC# from the PIIX4) is only asserted during power down states
where the memory is powered down. Circuit values should be changed if needed to meet the designs
specific power requirements.

*  V_25is generated directly from the MAX1655 but the STR_CTL signal is used to control a p-channel
FET gate to generate V_25S (2.5v switched supply).

e Need to invert STR_CTL for proper FET operation.
Page 16. Clock Generator
Here is a typical clock generator and some example connections.

South Bridge Examples

Only the core connections are shown. There are many variables in the configuration and connection of this
device. The signals to the processor and some other core components are shown to help better demonstrate

how a TM3200 or TM5400/TM5600 interface to a south bridge.
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NOTE

Some general notes: CPURST# output from each south bridge is not used to control the RESET# of the
processor. PCI RESET# is used to reset the TM3200 or TM5400/TM5600 at the chip level.
PWRGD_SYS comes from the system level power supply.

Additions to System Clock Generator Chip

The existing circuit shows connections necessary when using alM1571 clock generator. The schematics
have been updated to show the additional connections needed when using the pin compatible 1CS9148-
12 device (CK66 compatible). Details include a pull-up on the select pin as well as a pull-down on pin
47 which is avoltage select for the CPUCLK on the ICS part.

Page 17. Intel PIIX4 South Bridge

e The PIIX4 South Bridge connections are relatively straightforward. SO-DIMM SPD MUX control
signals are shown here for reference (not shown in other south bridge examples but should be similar).
PWRGD_SYS should come from the system level logic power supply ( not shown ).

*  PCI connections are as shown. AD18 is used here as IDSEL, connect to AD18 through a 100 ohm
resistor. The resistor value is important for the TM3200 or TM5400/TM5600.

e The PWR_BTN_PRESSED# signal from the TDM connectors connects to the PWRBTN# pin so the

debugger can initiate that function remotely as a wake command.

¢ Ensure proper SMBUS pull-ups (not shown).

e Usea7SHO8 (single 2-input AND gate) to AND M1535 SUSPEND# and AGP_STP# signals
together. Output of AND gate is used as the system SUSPEND# signal. The AND gate should be
powered from 3.3V supply that is powered during C3 power state. Also, the gate acts as a 5-3.3v level

translator and must have 5V tolerant inputs. The quickswitch used for level translation of SUSPEND#
is no longer used and was removed from the schematics.

Page 18. Acer ALI M1535 South Bridge (part A)

This is similar to the M1533 in several ways. Namely, it requires external OR gates to connect all
PCI_REQ#[5:0] signals from the TM3200 and TM5400/TM5600 as well as any other requesting signals.

The VCC_G pin of the 1535 must be connected to 2.5v for proper operation. There is a bug which causes
problems when this pin is connected to 3.3V. Also, a pull-up to 2.5V is required on ZZ/RATIO]J pin.

Page 19. Acer ALI M1535 South Bridge (part B)

Note the parallel line termination on the clock signals shown as an example. Use the appropriate
termination for the specific design.

Other connections may vary depending on specific design.
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CORE COMPONENTS

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

NON-CORE
12.
13.
14.
15.
16.
17.
18.
19.

000-01
010-01
010-02
010-03
010-04
012-01
012-02
012-03
012-04
012-05
012-06

Index

TM3200/5400 CD Interface
TM3200/5400 DI Interface
TM3200/5400 PCI & Misc
TM3200/5400 Power Connections
CD Memory

CD Memory Terminators

DI Memory Bank 0-3
Soldered DI Memory Bank
DI Memory Terminators
ROM & DEBUG

REFERENCE COMPONENTS

0XX-01
0XX-02
0XX-03
0XX-04
0XX-05
0XX-06
0XX-07
0XX-08

Power Supply: VDD CORE LTC1736
Power Supply: VDD CORE MAX1711
Power Supply: Memory

BIOS Boot ROM with CMS option
Clock Generator

PIIX4 Southbridge

ALI M1535 Southbridge (A)

ALI M1535 Southbridge (B)

SEE DESIGN GUIDE FOR
SYSTEM BLOCK DIAGRAM
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11 TDM_TDI o MRSVD RN1D 45 4T ! as CMS ROM also. Used
oo g mggﬁ :Q ; t:: ? ﬁ; as ROM bank selects.
g VMRSVD RN4C 3 T 5 47 Vv 38 RN7TOB 7~ 2 Needs pull-up to V_3s
2 MRSV RN4D PR AN ¥ A 5 3 so lines are stable
GND =t 5 = 4 when processor is in
8~ 1 deep sleep (outputs
2 are tristated).
Ugy Yo RPN S RI3 SRI4 SRI5 SRI6E S RI7 S RIB SRIO S R0 < RM & R2
vic 93549 o s o e 227K £ 27K T 27K £ 27K T 27K $ 27K 27K T 27K £ 27K 3 82K
8,@52'3 §§§§$§§§§ All PCI signals connect
= I—l—g Qﬁgv‘jggjjg EPROMAG |18 EPROMAO ® 101 outside of core. Make
P g - .
EAB—5121 P AD0 Begeeccce  eprowa I8 EPROMAT 14 sure that all PCI signals
P_AD: p1s | o-AD1 JTAG ? % 2 % 3 % EPROMAZ [ /¢ EPROVAZ 14 are powered off
P AD m17 | P-AD2 drfrrrorao FERR# 772 FERR# 17,18 C
= P_AD3 « IGNNE# IGNNE# 17,18 grounded, or disconnected
3 23 212 P_AD4 INIT# E:g CPU_INIT# 17,18 durin ower down state
52D E181 P a5 RESERVED INTR [-G12 CPUINTR 17,18 g p ) s s
P 23 ?12 E:ﬁgg S”’\'A"I"; 5112 gu:# mg L where power is removed
P AD £1a | P-AD8 P_TRDY# [~ 225 P_TRDY# 1748 from processor. Also,
P_AD9 P_STOP# P_STOP# 17,18 when processor is in dee
= ﬁ) 0 D15 p7aD10 P_SERR# 213 P SERRY 1718 P P
. F151 prAD11 P_PCI_RsT# -E& PRST# 3111718 sleep, all outputs are
3 P_AD12 P_PERR# P PERRY .
:23 ;j P AD13 P PCLK _55134 GIK POLNB 16 l':rlstated so ensure'that
B AD B15 | P-AD14 P_PAR— B TOCKE PPAR 178 inputs on other devices
P_AD16 E12 E,ﬁg}g TM3 2 0 0 /TM54 0 0 F:;nggx B12 PIROYS 1748 are properly pulled up or
AD17 F11 | o~ = A13 S ) P
FADTE | P_AD17 P_FRAMEH# 813 P FRAVE# 17,18 down, specifically
FADTO L] P_AD18 P DEVSEL# (1] P DEVSEL# 1718
5AD30 P_AD19 . P CLKRUN# 5 GNTE P_CLKRUN# 17,16 P_GNT[].
D D12 | ;-Apyg PCI_Interface Section P GNT5# HELZ
P_AD c11 ] o - - G16 P_GNT#4
E45 CH p~AD21 P GNT4# [-310 P GNT#3
54D E101 PrAD22 _ P_GNT3# 212 P_GNT#2 Eohe
52D 0 pTAD23 5 PrGNT2# E 13 5 oNT S aNTi P_GNTH0.5
NP AD25 Fq | P-AD24 Y P_ONT1# |15 P_GNT#0 B GNT#3
PAD26 __ pg | P-AD25 £ P_GNTO# 721 P REQ#5 P oNTR
F D7 D91 P~AD26 o P REQS# E18 FREQH — T
NP AD28 P_AD27 4 S T P_REQ#3 P GNT#O
P_AD29 Bo | P-AD28 S8TT2 U P REQS#I"E g P REQ#2
P_AD30 Ag | P-AD29 53522 § P_REQ2# - P_REQ#
/\_P_AD31___Aa1q | h-AD30 doooa S P REQI#I"p1g P REQ#0
1718 P_AD[0.31] P_AD31 20088 8 P_REQO# —° B CBER
recee S P c/BE3# Bl 5 CBED P_CBE#0.3 17,8
3323 . P_C/BE2# 5
LT b B11 CBE#1
RFU 22228 = SBEG [EEEMIAn P CBE#0
ROUTE AS 816 grree 2z =25 P_C/BEO# [£2 —
THRMD 2227 9 dld P_HLDA# PISA GNT# 17,18
DIFFERENTIAL PAIR Ada | THRVD g5sss o BEEE FHOMIER P HOLD# 1A
sidsl 8 1
338
FEFRFRF = rxoeoo vV 3S . .
RPN e a = Test point is only used
- S999y N
HANFHH < EI"“L‘-” for TM5400. Make low X ¥
) o ®
R23 impedance trace to test
TMRSVD9 P2 3 47K . V_3s
L TMRVLS o point
V_3s - A
c3 TMRSVD10 S5
it ® 1pi5s TM5400 SNIFF p ! !
I . . .
1000pF Uss Temp L roe VDDCORE L Quickswitch is used only
c4 Sensor 2 47K < with TM3200 Reserved I/O
MRSVD11 < o ) :
i oo 8 B 3 g 3 pin to disconnect
> .
1000pF . o AR g ®oE ISA REQ# signal from
DXN 14 ATF_SCL R149 4 20 TM3200 during power down
SMBCLK o
ADD1 SwBDATA 12 ATF SDA NI states. Install bypass
3 resistor for TM5400
ADDO ALErT pU ALERT# ATE INT# 17,18 Z us
st net NC7SZD384
¥—51Nc22 2 Nea R 1 2 > P_ISA REQ# 17,18
GNP 91NC3E & Nos[HEx TM5400 VRDA 12:13 ey L
TM5400 VRDA3 12,13 ) v 3s
MAX1617 ‘TM5400 VRDA2 1213 A
TM5400 VRDA1 1213 P—l
TM5400 VRDAD 12113 5=/ N2
L &
T N~ s~
cs — (NSl KNS
GND 0.1uF N o N Wy o N g 0
V 0603
TMRSVD7 GND | |
DODDIILLY
o S 1< §u | éu < §J
I P
I Vv 58 1 |
I 3 ‘ [ PNPE [ N R
I
I
| R27 0 131 <|m|ola| <ol
| 2 R26 ! AN P 212122 2222
‘ < 10K T VWV ['4[74[74[74 4[4 i
cé ! A P_REQ#5
! BAWS6 0.1uF [ W P REQ#4 1 PREQH0. 1718
! | R28 0 P_REQ#3
! [ NI [ P REQ#2
I GND Ua | 2| P _REQ#T
| @ | © P_REQ#0
I I
2 ) 4 .
: 8,1617,19 SMBUS SCL 2{1a 8 v ATF_SCL oD
311 TDM SCL Hii > , I
| 8,16,17,19 SMBUS_SDA & 2A 2Y t ATF_SDA
| 311 TDM_SDA 28 |
| 1] 3a 3y FE—< |
%10 35
| w4l sy 2!
‘ b l
| '_15(: G 2 |
sz
| 11 ATF_INTCPT > Has & |
I I .
| Rz aswsr | This block allows che o) 150550 e P TM3200/5400 Reference Schematics
! OPTIONAL 47K GND | temp sensor I2C to be Corporation. Al rights reserved.
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1uF X7R caps are recommended on all supplies.

least recommended number shown here.
available in 0805.

Use at
1uF caps are also
Depending on power supply proximity,

bulk capacitors may also be needed near the processor.

20 x 1luF X7R 1206/0805

VDD_CORE Caps on VDD _CORE
s 8 x .1uF X7R 0603 Caps
C160 c161 c162 c163 c164 c165 c166 c167 c168 c169 on VDD_CORE
L= WF T 1R FWF TP AR T 10F VDD_CORE
16V 16V 16V 16V 16V 16V A
10% 10% 10% 10% 10% 10% 10% 10% 10% 10%
1206 1206 1206 1206 1206 1206 1206 1206 1206 1206
c213 c214 c215 c216 c217 c218 c219 €220
= AuF == uF = AuF == AuF == AuF = uF 5= uF — .1uF
v X7R X7R X7R X7R X7R X7R X7R X7R
GND 0603 0603 0603 0603 0603 0603 0603 0603
VDD_CORE v dald [dd |4 1d dd
GND 88dddqaduaa3 EEEE i B b
u1D
[afalalalajajalajajalajajajalajajalalalalalafalalalalalalala)
c170 c171 C172 C173 C174 C175 C176 c177 C178 C179 ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ
FF  T=1WF =1 F=1WF =AW =1F = AF 3 10F = UF T= IR v_3s COOOOOOOOOOOOOOVOOOOOOOOOVOOOO L17
16V 16V 16V 16V 16V 16V 16V 16V 16V 16V A GND ms
10% 10% 10% 10% 10% 10% 10% 10% 10% 10% NP [ua
1206 1206 1206 1206 1206 1206 1206 1206 1206 1206 c6 M10
=25 1ovoD GND |10
14 1ovDD GND |12
v 222 iovbD GND [
oo 17 jovbD GNp (NI
5 1ovbD GND [N
131 lovob GND [R1L
13- 1ovop GND [
v 3s 461 1ovop GND [-E8
% 8 1ovoD GND B8~
1121 iovop Gnp [-E10
4141 1ovoD Gnp [E12
c180 c181 c182 c183 c184 c185 c186 c187 c188 c189 c190 c191 c192 c193 c221 c222 K7 | 1oVPD P [Ra
= 1uF = 1uF = 1uF = 1uF = 1uF = 1uF = 1uF = 1uF = 1uF = 1uF 22uF 22uF K13 R7Z
16V 16V 16V 16V 16V 16V 16V 16V 16V 16V . 20% . 20% 16| 19VPD GND ["pg
10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% LOW ESR LOW ESR 114 | 'OVDD GND 777
1206 1206 1206 1206 1206 1206 1206 1206 1206 1206 1206 1206 1206 1206 Mz | 19VPD GND oa
M7 lovbp Gnp RI3
N3 1ovoD N BRI
pr] ov0D TM3200/TM5400 oND 78
GND 14 x 1uF X7R 1206/0805 and 2 x 22uF Low ESR Tant Caps on V 38 $§ 10VDD GND Eg
- 10VDD X GND
U3 1ovpD Power GND Section GND |14
B jovbp — GND (I
U8 1ovbD GND 12
V_IovDD25 v_258 Ag3 | 19V0D SND [Cuta
A A A8 jovDD Gnp (A
AG8 IovbD GND A
M131 1ovDD25 GND {40
c200 c201 c202 c203 c204 c205 c206 c207 c223 N1z | |OVDD25 GND s
L= 1F T AuF L= 1F T uF 22uF p13 | |OVDD25 GND Mg
16V 16V 16V 16V . 20% Ri4 | |SVDP2 NP [wio
10% 10% 10% 10% 10% 10% 10% 10% LOW ESR 13 W12
1206 1206 1206 1206 1206 1206 1206 1206 ut2 | |SvoDs oD [z
U4 Y6
Y14 1ovbp2s GND A
v 7 ovbD2s GNp (10
oo 10VDD25 GND
AB17 1 |ovDD25 GND [-AG3
8 x 1uF X7R 1206/0805 and 1 x 22uF Low ESR Tant Caps on V_3S AC14 | |ovDD25 GND ﬁg’}n
gmg AC12
AC17.
[aYaYaYaYaYaYafaYafaYaYaYalaYalaYaYaYaYaYaYaYal GND
[a)ayayajayayalayafajaya)a)ayayalalayayajaya)a)
S>S>>>>>>>>>5>>>5>>>>>>>>>
Oooo0o0OL0L0LOLLOOLOLOLOLOLLLOLOOLOOLOLOLOLOO
ad9dd EEP= pa \
EEEER EEPE E
TM3200_5400 IO3 XX 2 Z ala] > GND
VDD_CORE
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256Mb pinout shown.

BANK 0 Stuff options:
NI, 64Mb, 128Mb, 256Mb
V_DDRCORE VADDRCORE
v TOP (0) v,z TOP (1)
us TSOP-66 Us TSOP-66
1 |48 1 48
il il i
33 vop vss 08— 331 vop vss 88
3 vbpa vssq (B4 3 vbba vssQ
21 voba vssq 22 -2 vooa vssq 52—
vDDQ vssQ -4 18- vopa vssq [ ==
¢+——551yppa vSsQ vDDQ vssQ =
811 vbpa vssq (28— 81 vbba vssQq (28—
CD RAO 29 | ) 2 CDRDQ CD RAO 79 | ) 2 CD RDQI6
CDRAT 30 | A0 X DQOTEhRDG CDRAT 30 | A0 < DO EhRDQ17
= A1 c Dpai = = Al c  Dat ¢
CD_RAZ 31 f T po2 (B CD RDQ CD _RA2 31 { np © pa2 (8 CD _RDQ18
CD RA3 37 | h2 o 5%2[7 _coRoo CD RA3 33 | K2 @ D532[7 oo Roaie
CD_RA: 3B o S poald CD_RDQ CD_RA 3510 o < paald CD_RDQ20
CD_RA! 36 | a5 x  DQs 10 CD_RDQ CD_RA:! 36 | A5 X Dpas o CD_RDQ21
CD RA6 37 = 11_CD RDQ CD RA6 37 = 11__CD RDQ22
— A6 © © DQ6 e~ e~ A6 © © DQb e~
CD RA7 _3s 3 13__CD RDQ CD_RA 8 13__CD_RDQ23
— A7 ~  Dpar e = A7 ~  par =
CD_RA! 39 | A8 N DQ8 54 CD_RDQ CD_RA! A8 N i DQ8 54 CD _RDQ24
CDRAY- 40 | g paQg [-88—CDROQ CDRAY. 40 | g pag [-88—SBRDA%
CDRAT0 28 | A% ap = palg | 62 CDRDQ CDRAT0 28 | %0 ap = paig | 6Z_CD RDO26
CD RAT1 41 < CD_RDQ CD RAT1 41 < | 50 __CD RDQ27
CD RA1Z 4 | A1 DAt 7e)—CD RDQ CD RA1Z 47 | A1 Da11 "s0 CD RDG28
A12 DQ12 b RoG A12 DQ12 b RDasS
45 DQ13 I~ - CF RO 45 pQ13 -2 —c5Hpa50
7 CD_RCLKA 26 LK DQ14 cD RDQ 7 CD_RCLKA 26 1CK DQ14 CD RDQ31
7 CD_ROLKAY# 485 cice DQ1s 7 CD_ROLKA# 48bcKi pats (58
7 CD_RCKEO o4 CKE 16 7 CD_RCKEO o4 CKE 16
7 CDR CS10 21 cst Logs |18 7 CDR CS10 24 cs# Loas |18
7 CD_R RASH RAS# ubas 7 CD_R RAS# RAS# ubas
7 CD_R CAS# —§1L CAS# 7 CD_R CAS#H —§1L CAS#
7 CD_R WE# WE# 7 CD_R WE# WE#
20 NCt HE—x 20 NCT H4—x
7 CD_RDQMEO 201 Lom NC2 HE—< 7 CD_RDQME2 201 Lowm NC2 HZE—<
7 CD_RDQVBI UDM NC3 25— 7 CD_RDQVE3 UDM NC3 (23—
NC4 43— NC4 43—
7 CD_RBAD ——2& 80 NC5 (20— 7 CD_RBAO ——2 80 NC5 28—
7 CD_RBA1 BA1 NC6 [F93—x 7 cD_RBAT BA1 NC8 (33—
NU/QFC 18X NU/QFC [H12—x
V_REFCD | 491 VREF V_REFCD | 491 VREF
128Mb DDR_SDRAM 728Mb DDR_SDRAM
7 cp_RoGst 7 CD_RDGS3
7 CD_RDQSO 7 CD_RoGS2
7 CD_RAD.12] \\’ \\
N
7 CD 0.
) RDQ[. 63 S
V_DDRCORE V-PDRCORE
v, BOTTOM (2) v, BOTTOM (3)
ur TSOP-66 uUs TSOP-66
1 48 1 4
e vl el
33 vop vss -8 331 vop vss 28
s ciapm Hige e
151 voba vssa 12 =4 18- vopa vssq 42 ==
¢+——551 yppa vsSsQ vDDQ vssQ =
611 vbpa vssq [-28— 814 vbba vssq (28—
RAO 9 | « 2 CD RDQ32 CD RAO 9 | 0 2 CD RDQ48
RAT 30 | 2 ¥ 50 —coroass CD RAT 30| A2 ¥ 530 —coroom
RAZ a1 | o} § Do [s_cDRoou CDRAZ 31|} & Do [5__cD Roo%
EA 32 A3 o DQ3 7 Cl 53035 Cl EA 32 A3 [an} DQ3 7 CD 53051
RAZ 35 | o < boy[e_corbase CD RAZ 35 | < oy [e_corbos?
RAS 36 2 % 10__CD_RDQ37 CD RA5 36 2 % 10 CD RDQ53
RA6 a7 |A% = DQ5 4 —Ch RDQ38 CORA6 37”5 = DQ5 =) P RDQ54
RA7 _as |0 @8 L ggg 13 __CD_RDQ39 CORA7 g |#5 B 2 88_5, 13__CD RDQS55
RAS 39 |»/ N i pof |54 CDRDQ4 CORAB 30 |0 & 3 Doy [54 CD RDOS6
RA: 40 56 CD RDQ4 CD_RA( 40 | 56 CD RDQ57
RAT0 g | A9 = D9 6 RpQA CD RA10 o | A9 = DQ9 [ G RDQ58
RATT 2| A10AP S DQ10 b RoOa GO RATT 2| A1OAP T DQ10 L —X5Rpa2
RATZ 4o | A1 DAt I~y —Cb RDOA CO RATZ 4 | A1 DQ11 [me0 —Ch RDQEO
A12 DQ12 b RO A12 DQ12 Db ROGET
pats -2 rrdie pats -2 — < rrdes
7 CD_RCLKB CK DQ14 o = RDQAT 7 CD_RCLKB CK DQ14 :3 RDO63
7 CD_ROLKB# CK# DQ1s = 7 CD_ROLKB# CKi# e
7 CD_ROKEO CKE % 7 CD_RCKED CKE %
7 CDR CSH0 cs# Lpas 8 7 CDR CS0 cs# Loas (8
7 CD_R RASH RAS# ubas 7 CD_R RAS# RAS# ubas
7 CDR CASH CASH# 7 CD_R CAS# CAS#
7 CD_R WE# WE# 7 CD_R WE# WE#
NC1 (14— NC1 (14—
7 CD_RDQVBA4 Bj LoM NC2 HE— 7 CD_RDQMBS Bj LDM NC2 HZE—x<
7 CD_RDQVB5S UDM NC3 28X 7 CD_RDQVB7 ubMm NC3 28X
NC4 (43— NC4 (43—
7 CD_RBAO BAO NC5 [F22—x 7 CD_RBAO BAO NC5 29—
7 CD_RBA1 BA1 NC6 |23 7 CO_RBAT BA1 NC6 23—
NU/QFC (18— NU/QFC [H12—x
V_REFCD } 49 1 \REF V_REFCD } 49 1 \REF
128Mb DDR_SDRAM 128Mb DDR_SDRAM
7 CD_RDQS5 7 CD_RDQS7
7 cp_Roast 7 CD_RDQS6
V_DDRCORE
V3 V.25
v?fs R30
c53 cs4 R31 0
= = = = == 0.01uF == 0.01uF V_25 NI
ca9 C50 c51 C52 25V 25v
0.1uF 0.1uF 0.1uF 0.1uF 20% 20%
0603 0603 0603 0603 0603 0603
2 R32
2 10KR3F
V_DDRCORE = 19
B V_REFCD I—ﬁ 10K
c61 c62 c63 : < R33 Copyright (C) 19951999 Transmeta
= = = = == 001UF == 0.01UF == 10uF 2 10KR3F Corporation. Al rights reserved.
Cc57 C58 C59 C60 25V 25V 25V 1% ‘This document contains confidential and
0.1uF 0.1uF 0.1uF 0.1uF 20% 20% +80/-20 10K proprietary information of Transmeta
0603 0603 0603 0603 0603 0603 1812 0603 Corporation. Itis not to be disdosed or used
= exoept in accordance with applicable
e s ret

evidence any actual or intended publication of
such document.
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[SENENEN [SENENEN [SESENEN [NESENEN) [NENENEN) [SENENEN [SENENEN [SESENEN [NESENEN) [NENENEN) [SENENEN [SENENEN [SESENEN [NESENEN) [NENENEN)

[NENENEN)

CD_DQ0
cD_bat
Cb_Da2
Cb_Da3

CD_Dad
CD_DQ5
CD_DO6
cb_bar

CD_Da8
CD_DQ9
CD_DQ10
cD_batt

cD_DQt2
cD_DQ13
cD_DQi4
cD_DQts

CD_DQ16
cb_bat7
cD_bQis
cD_DQ19

CD_DQ20
cD_Dazt
CD_Da22
CD_Daz23

CD_DQ24
CD_Da25
CD_Da26
cb_baz7

CD_Da28
CD_DQ29
CD_DQ30
CD_DQ31

CD_DQ32
CD_Das33
CD_Da34
CD_DQ35

CD_DQ36
CD_DQ37
CD_Da33
CD_DQ39

CD_DQ40
CD_Das1
CD_DQu2
CD_Da43

CD_Do#4
CD_DQ45
CD_DQ46
CD_Da47

CD_DQv8
CD_DQ19
CD_DQS0
CD_Dast

CD_Das2
CD_DQs3
CD_Das4
CD_DQs5

CD_DQs6
CD_Das7
CD_DQs3
CD_DQs9

CD_DQe0
CD_Das61
CD_Dae2
CD_Dae3

RN8A 1 A g 33
RN8B 2 7 33
RN8C 3 . 6 33
RN8D 4 0 5 33
AT
RN10A 1 o8 33
R PR 2
RN10C 3 i~ 6 33
RN10D 4 T 5 33
Y
RN12A 1 AAA g 33
RN12B 2 o 7 3
RN12C 3 O § 33
RN12D 4 T 5 33
Y
RN14A 18 33
RN14B 2 o 7 33
RN14C 3 o 6 33
RN14D 4 S 5 33
Y
RN16A 1 o8 33
RN168 2 "A. 7 33
RN16C 3 O 6 33
RNT6D 4 5 33
DAY
RN18A 1 AN 8 33
RN18B 2 7 33
RN18C 3 " A. 6 33
RN18D 4 T 5 33
Y
RN19A 1 AAA g 33
RN19B 2 O 7 33
RN19C 3 A~ 6 33
RN19D 4 S 5 33
Y
RN20A 1 A 8 33
RN20B 2 o 7 33
RN20C 3 O § 33
RN20D 4 N 5 33
VY
RN21A 18 33
RN21B 2 . 7 33
RN21C 3 A, 6 33
R D 4 =Ze 33
Y
RN23A 1 <o 8 33
RN23B 2 a1 33
RN23C 3 L. 6 33
RN23D 4 QT 5 33
Y
RN25A 1 AAA 8 33
RN25B 2 O 7 33
RN25C 3 A~ 6 33
RN25D 4 S 5 33
Y
RN27A 1 AN 8 33
RN27B 2 O 7 33
RN27C 3 A~ 6 33
RN27D 4 S 5 33
Y
RN29A 1 A 8 33
RN29B 2 o 7 33
RN29C 3 O § 33
RN29D 4 N 5 33
VY
RN30A 1oy 8 33
RN30B 2 . 7 33
RN30C 3 A, 6 33
RN30D 4 5 33
Y
RN31A 1 < 8  SRN33-
RN31B 2 A~ 7 SRN33-
RN31C 3 .~ 6 SRN33-
RN31D 4 QT 5 SRN33-
Y
RN32C 3 XA 6 SRN33-
RN33A 1T g SRN33-
RN33C 3 A~ 6  SRN33-
RN33D 4 . 5  SRN33-
Y

(g a0 o0y (- (0 Q0 00 (00 00 00 (000 Q- 00y (o) (X0 O

(- Q0 00D G- 0 0K 00 L0 QD Q00 GO0 QR0 G0 () Q- (O

CD_RDQO

o000 oooon ooon cooo cooo oooon oooon ooon cooo cooo oooon oooo o0 ®® oone oono

coono

N [SESENEN [NENENEN) [NENENENS

NN

[NINEN

[NENENENS [SENENEN) [SENENEN

[NENENEN)

NNNN

CD_A8
CD_A9
CD_A10
CD_A11

CD_A12

CD_BAO
CD_BA1

CD_RASH
CD_CAS#
CD_WE#

CD_Cst#0

CD_CKEO

CD_DaMB4

CD_DQvB7

8 - 1 SRN33-
e W
6 Xy 3 SRN33- ) F
5 O/, SRNg3- CDRR2 6
1A Y CD RA3 6
RN11A 1= g  SRN33-
B 2 T 7 SRN33- e
RNT1C 3 .y 6  SRN33- o Ree 6
R Y = ) F
1D 4 1A Y 5 SRNS3 CD_RA7 6
RN13A 1< 8 SRN33-
RN13B o T 7 SRN33- 83*& g
RN13C 6 G2 3 SRN33- ohre o
Y = Y,
RN13D 4 T 5 SRNSS o o
RN15A 1= 8 SRN33-1 cora 6
RN158 7= 2 SRN33-1
Y VY = CD_RBAO 6
B RN15C 6 Ny 3 SRNS3 B e ¢
RN15D 5 = 4 SRN33-1 . )
RNTA S~ Use same quickswitch for CD and
RN17B 7 T SRN33- DI depending on routing.
AT
RN17C 6~ 3 SRN33-1
| — % > coRes#w 6 vs
— RN17D 5 4 SRN33-1
U9
9 v 4 > CD_RCKEO 6
>
oy F—
3y F—x
4y H2—
1= 8 SRN33-
2 7 SRN33- ggﬁm&: g a
3 O G SRNga- ) RDAS z
5 Y VY 4 SRN33- CD_RDQS2 6 o
© Y CD_RDQS3 6
Qs3257
1 ~ 8 SRN33-
2 L o7 SRN33- gg—m g
3 . 6  SRN33- CD—m M
Y = ) RDQS6
4 © Y 5 SRNSS CD_RDQS7 6 GND
3101718 SUS_STAT# ——
1= 8 SRN33- 10,17,
> Y VY 7 SRN33- CD_RDQVBO 6
TV VY T CD_RDOMB1 6
3 6 SRN33- or :
4 . 5  SRN33- ) RDQVE2
1A Y CD_RDQVB3 6
L= & SRN33- STR MUX to avoid glitches on CLK
2 Q0T 7 SRN33- Do o ENABLEs during power
3 6 SRN33- ) RDQMBS 6 s
4 Ll 5 SRN33- CD_RDQVIES 6 transitions
1A Y - CD_RDQVB7 6
1= 8 SRN33-
2 7 SRN33- gg—mse
4 . 5  SRN33- CDJ?O‘-KB s
2 S 7 SRN33- )_RCLKA#
© Y CD_RCLKA 6
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910 SD_RDQ[0.63]

910 SD_RDQMB(0.7] >

910 SD_RA[.12] >

1
i

910 SD_RDQ[.63
910 SD_RDQMB[0.7] >
910 SD_RAD.1Z] >
V.3 V.3 V.3 V.3
A A A
J L 2 ,
1 2 - VSS Vss R
R ves vss RDQ32 SD_RDQO 3 4 SD_RDQ32
RBGT 2| pao pasz -4 RDQ33 SD_RDQ1 5] Do Do e SDRDQ33
RDQ2 7| bt DQ33 =g RDQ34 SD_RDQ2 7| bQ! D I SD_RDQ34
RDQ3 9 | D% DQs4 0 RDQ35 SD_RDQ3 9| D2 10 SD_RDQ35
DQ3 DQ35 DQ3 Dass
RDQ4 13 | VeC AR RDQ36 SD_RDQ4 13 ‘E’JCE s |14 SD_RDQ36
RDQ5 15 | D DQse ¢ RDQ37 SD_RDQb 15 02 Dos 16 SD_RDQ37
RDQ6 17 | PQ5 DQs7 =g RDQ38 SD_RDQ6 17| P98 Do s SD_RDQ38
RDQ7 19 | D26 Dass [, RDQ39 SD_RDQ7 19 | DO° Do 20 SD_RDQ39
pQ7 DQ39 1 55
21 22 vss VSS
vss VSS SD_RDQMBO —_— 24 SD_RDQMB4
Sl 23 AS4 24 RG] — 231 TAS0/ DQMBO CAS4 / DQMBA4 ——
CAS4 / DQMB4 ASO ASA SO ROOMEE
RDQMB1 25 | CASO/DAMBO AS4 26 RDQMB5 SD_RDQMB1 25 | Ay Bavay CASE / DamBe |28 Ql
CAS1/DQMB1 CAS5/ DQMBS 2 c e
RAO 29 cc 30 RA3 SD_RAO 29 1 1o A3 |30 SD_RA3
RAT 31 | A0 A3 75 RA4 SD_RAT 31 A9 e (a2 SD_RA4
RAZ 33 ﬁ; 2‘; 34 RAS SD_RA2 33| hy T SD_RAb
35 36 35 VSS VSS 36 _
R ves vSs RDQ40 SD_RDQ 37 38 SD_RDQ40
e 371 pas pQao (38 RO SR 37 pas Q4o (38 SROGHT
RDQI0 41| DX bQat =5 RDQ42 SD_RDQ10 41| D29 Do 42 SD_RDQ42
RDQTT 43| PQ10 bQaz =4 RDQ43 SD_RDQ11 43| P9 44 SD_RDQ43
Dat1 DQ43 DQ11 DQs3
RDQ12 47 | VCC VCC 7 g RDQ44 SD_RDQ 47 \EIJC?Z g 48 SD_RDQ44
RDQ13 49| Q12 DQa4 7o) RDQ45 SD_RDQ 49| P9 Dons [ SD_RDQ45
RDQ14 51 | D13 bads 7y RDQ46 SD_RDQ14 51| D13 52 SD_RDQ46
ROOTS 211 pat4 DQ46 (22 RO SR 21 pata Q46 (22 SO ROGAY
581 pats pa47 |3 82 o1 0as7 2
vss Vss
5T NC/ (CBO, NC/ (CB4) [-98 ST NC/ (CBO) NC / (CB4) -8
590 NG /(Car) (e [50 594 NC /(CB1 NC/ (cBS) [-50
NC / (CB1) NC / (CB5) (cB1) (cBS)
62
814 pu/cko DU/ CKEO (82 910 SD_ROLK2 — 811 by /cko DU / CKEO I <___] SDRoKE! 910
vee vec (84— >—ﬁ3—65_ vce ve 84—
851 pu/RAsH DU/ CAS &8 (] SDRACAS 910 910 SD_RRAS 851 by /Rast DU/ CAS B8 1 <] sDRucAS 910
67 wer NC /cket (-8 RAT2 910 SD_RAWE S wer NC /cker (-8 SO RAT2
7] s 7se A7 bSF |22 *70 S s 21| RASt /o1 NG /Ai3 DSF [ 72
DML s 2| 6800 NS Ry e - =IOk 231 OE /DU NC/CK1 24 < SD_RCLK3 10
251 vss vss |8 5 vss vss 28
7L{NC/ (CB2 NC / (CB6) [-18 71 NC/(CB2) NC / (CB6)
79| Ne/ (Coo) e 20 794 NC/(CB3 NC/(cB7) 89
NC / (CB3) NC/(CB7) Ncc( ) (vcc) 82
RDQ16 83 | V! Vee e 1 RDQ48 SD_RDQ16 83 | pare s |84 SD_RDQ48
R38 RDQ17 85 | D216 DQ4s [mog RDQ49 R39 SD_RDQ17 85 | 09 Doss [es SD_RDQA49
0 RDQ18 a7 | PQI7 DQ49 g RDQ50 0 SD_RDQ18 a7 | PQI7 Qa0 88 SD_RDQ50
RDQ19 59 | Q18 DQ50 7o) RDQ51 SD_RDQ19 89 | 8813 8051 20 SD_RDQ5T
DQ19 DQS51 a9 &
RDQ20 o vss vss -2 RDQ52 SD_RDQ20 a3 | 1S5, oy [as SD_RDQ52
RDQ21 o5 | D920 D@52 7o RDQ53 SD_RDQ21 a5 | po20 Dags e SD_RDQ53
RDQ22 o7 | D921 DQS3 mog RDQ54 SO RDQ22 a7 | DS} oo [Cea SD_RDQ54
GND RDQ23 a9 | D322 Do oo RDQ55 GND SD_RDQ23 a9 | D922 Daoe [C100 SD_RDQ55
RA6 103 ch Vi‘; 104 RA7 SD_RA6 103 ch Vi(; 104 SD_RA7
SD_RA8 105 106
— 1051 Ag A11/BA0 (106 SD_RBAD 910 1051 ag AT118A0 08 é SoRER g0
RAQ 107 vss vss (108 910 b RA 103 VSS P — X, )
SD_RAT0 111 ] A9 AI2/BAT 5 RATT SD_RAT0 111 NI SD RATT
A10 / A10/AP A13/A11 A0/ AT0AP a1
vee T RDQMB6 SD_RDQMB2 115 | 1SS f— 116 SD_RDQMB6
So-Ebains 112 cas2/paws? CASE / DawmBt 12 RDQMB7 | __so roawes 117 | GAS2/DAMB2 CAS6/DAMB6 |74 SD_RDQMB7
I cas3/DaMB3 CAS7/DaMB7 [-118 HT cAS3/DQMB3 CAS7/DaVE7 |70
SD RDQ24 121 VSS VS 22 RDQS56 SD RDQ24 21| 535, poze |22 SD RDQS6
N_Sb_Rpazs 123 | D24 DQs6 oy RDQ57 SD_RDQ25 123D Dag [12e SD_RDQ57
N\_Sb_Rba26 125 | D925 DAsT 7o RDQ58 SD_RDQ26 125 | D92° oot [Fi28 SD_RDQ58
R baze Dass RDQ59 SO _RDQ27 127 | D926 128 SD_RDQ59
shbneas 1271 b7 DQsg (128 2 DQ27 DQ59
\__SD RDQ28 131 | V6© Vee 5 RDQ60 SD_RDQ28 131 pSo s 132 SD_RDQ6O
SD_RDQ29 133 | D28 DQ6o =55 RDQ6T SD_RDQ29 133 | 22 Do) [Cias SD_RDQ6T
SD_RDQ30 135 | D929 DQ6T =g RDQ62 SD_RDQ30 135 Dng Daes |36 SD_RDQ62
SD_RDQ31 137 | pasy Doee IFiaa RDQ63 SD_RDQ3T 137 | A% Daes [ s SD_RDQ63
139 140 139 140
141 | 955 X64/(X72) U8 Mz DIMM A SCL DIMM B SDA 11| 952 X641 072 ot a2 DIMM B ScL
RAM | 144 |
L1431 yce i vee [H44 L1431 vee SDRAM vee
144-SODIMM 144-SODIMM
V3 \Y \4
GXD G}\IID o GND GND
NEER
Ng
DI PORT SO-DIMM A DI PORT SO-DIMM B
b3 > >1219131
BANK 0-1 = B BANK 2-3
V3
e
<|o
33 (i}” ?, u1o
zlrZZ
g jul| 2 1 g vt SMBUS SCL < SMBUS SCL 4,1617,19
B S
V?S g it ; 2A 2v - SMBUS SDA 4 SMBUS SDA 4,1617,19
28
»—1Lf3p 3y F—x )
72 73 c7a x—101 35 Use I2C Serial Presence Detect
ce7 | ces | ce9 c70 cr1 c 14 12 - -
+ C64 + CB5 0.1uF | 0.1uF | 0.1uF 1000pF | 1000pF | 1000pF | 1000pF | 1000pF 13 j’g 4 mux only if SO-DIMM B is used.
10uF E 16V T= 16V == 16V =25V T 26V S= 25V S 25V == 25V B SEL
1ov 10% | 10% | 10% 20% 20% 20% 20% 20% 17 DIMM B SEL BN 15ds o Mux control (DIMM_B_SEL#) .
352819 0603 | 0603 | 0603 0603 0603 0603 0603 0603 17 DB seL 9% 2 should come from a Southbridge
GPIO pin. SMBUS_SDA/SCL I2¢C
oo as3z57 lines should come from the
o Southbridge or other I2C
} controller.
j c81 c82 c83 c84 c8s i
+ C75 1000pF 1000pF 1000pF Cowigm(c)199§-1999Trarwvweta Project: TM3200/5400 Reference Schematics
10uF 25V 25V = 25V Corporation. Al rights reserved.
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Soldered Down DI PORT MEMORY

Soldered Down DI PORT MEMORY

TM5400
Note:

It is recommended that either only 2 SO-DIMMS or 1 DIMM and 1 bank of
soldered memory be used to remain upward compatible with TM5400 which
only has support for 4 banks (2 SO-DIMMs).
memory as shown or SO-DIMM #1

Use either soldered down

810 SD_RDQ[.63]

810 SD_RDQMBO.7] [
810 SD_RAD.12] >

TM5400
Note:

S_CLKE#[3:2]

To remain compatible with TM5400,
S CLK[3:0] and S CLKE#[1:0]
to connect to soldered down memory
and do not use S CLK[7:4] and

signals

810
810
810
810
810
810

810
810

810
810
810
810
810
810

810
810

V3
C86 C87 c88 c89
0.1uF 0.1uF 1000pF | 1000pF
16V =16V == 25V 25V
10% 10% 20% 20%
0603 0603 0603 0603
GND
V.3 Ut
7 O
7o voo vss 4
14 voo vss 41
1 vbD vss 28
veea vssQ
2 veea vssa [-48
43 veea vssa [
vcea vssQ
GND
SD RAO 23 2 SD RDQO
SD_RAT o4 | A0 DQ0 =55 RbQ
SD_RA? 2; 88; 5 SD _RDQ
SDRAS 26 | a2 Do [Z—sprna
SD_RA: 29 A DQ4 8 SD_RDQ
SD RA6 30 10__SD_RDQ
SD_RA6 31 ﬁg ng 11__SD_RDQ
SD RA 32 A7 DQ7 13 __SD RDQ
SD RAG a3 4> SD RDQ
SD RA9 a4 | A8 DQ8 |74 Sb RDQ
SD_RA10 22 DQo SD_RDQ10
SDRATT 22| APIATO D10 [H2—5—15g
SD RA1Z 36 DAt 17/ eSb RDQ
A12 DA12 80 —Sp Roq
160 wE# |:)Q S0 RDQ
16 Q14 [F1—S5FEa
q CAsH pa1s A= 810 SD_RME
189 raS# 810 SD RCAS
199 csi 810 SD RnRAS
375 ckE 810 SD_RnCS2
385 oK 810 SD_RCKE
810 SD _RCLK2
201 gso
21
BS1 810 SD_RBAD
810 SD_RBA1
D RDQMBO 15 !
20 RDgMB? 29 | LDOM
ubam NCt 40—
SDR_SDRAM
V.3
Co4 C95 [ co7
0.1uF 0.1uF 1000pF | 1000pF
16V == 16V == 25V 25V
10% 10% 20% 20%
0603 0603 0603 0603
GND
V.3 u13
A
(@]
14 Voo vss 54
14 voo vss -4
1 vbD vss 28
3 veca vssa 22
o veea vssq 48
43 veea vssa |4
vcea vssQ
[\ SDRAO__ 23| ,, pqo F2—SR R
SD_RA 24 4 _SDR
SDRAZ | Al DQt <o R
SO RA e A2 DQ2 2 —55¢
SO RAT a0 AS D3 [H—=5R
SDRAS | A4 pa4 H—=57
A
SDRAZ__ 32 1,7 par [H3—SDR
SD RAS 33 R
SDRAS aa| A8 D8 [42—25 R
SD RAIO 22 ﬁg/mo DD?g |45 SD R
SD RA11 35 Q10 [7)>—5p
SD RATZ 36 | A1 DAt I~ e Sb RDQ2E /]
A12 ggg 50__SD _RDQ29 /]
189 we# pais (5122 ;gggg 810 SD_RWE
15 cAsH pats A= 810 SD_RCAS
0 RAS# 810 SD_RnRAS
199 csi 810 SD_RnCS2
314 ckE 810 SD_RCKE
38 CK 810 SD_RCLK2
201 gso 810 SD_RBAD
211 Bst 810 SD_RBA1
____ SDRDQMB? 45 |
LoaMm
 SD RDGMB3 39 | ;5o NC1 40—
SDR_SDRAM

Copyright (C) 1995-1999 Transmeta
Corporation. All rights reserved.

V.3
C90 Co1 Co2 co3
| ofuF | 0fuF | 1000pF | 1000pF
=16V =16V =25V == 25V
10% 10% 20% 20%
0603 0603 0603 0603
GND
V3 u12
? O
7o voo vss 24
13- voo vss -4t
T voD vss 28
2 veca vssq |22
4o veca vssa -8
43 veca vssQ [
veea vssQ
GNI
D_RA 23 2 D R
DRAT a4 A0 pao H—g5
RA Al DQ1 L
25 5
B RA A2 DQ2 =
R 26 7 D R
D RA A3 DQ3 R
R 29 8 R
D RA Ad ba4 DR
30 10
= A5 DQ5 =
D_RA6 31 11 D R
D RA7 A6 DQ6 R
R 32 13 R
D RAE 33 | A7 bar S Sb R
R A8 DQ8 g
D_RA D R
34 44
D RAI0 2o | A9 DQ9 =/-Sh R
R AP/A10 DQ10 R
D RAT1 35 47 _SD R
DRATZ oo Al Q11 455
A12 DQ12 =
50 DR
16, Dats 7y D R
159 we# DQ14 255
1Lg cast DQ15
189 ras#
19d cs#
AP CKE
cK
20
BSO
B 21 Bs1
SD RDOMB4 15
Loam
SD_RDOMB5 39 | 23] et |40
SDR_SDRAM
V.3
C98 €99 C100 c101
0.1uF 0.1uF 1000pF | 1000pF
16V == 16V == 25V 25V
10% 10% 20% 20%
0603 0603 0603 0603
GND
V.3 U4
O
2 Voo vss -4
22 voo vss o
T vop vss 28
3 veea vssq 2
25 veca vssa -8
43- veca vssQ [
veea vssQ
GN
D_RA 23 2 D R
D RAT i A0 D0 [2—55%
R Al DQ1 R
D_RA: 25 5 D R
R A2 DQ2 K
D RAS 25 7 SO R
B RA A3 DQ3 R
R 29 8 R
D RA5 _ag | A% [l T
R A5 DQ5 K
D RA6 31 11_SDR
B RA7 A6 DQ6 =
R 32 13_SD R
D RAE 33 | A7 ba7 > Sb R
R A8 DQ8 R
D_RA D R
34 44
D RAI0 2 | A9 DQ9 Mo Sh R
D RATT AP/A10 DQ10 R
R 35 47 R
D RATZ oo Al pat1 Fa—5¢
A12 DQ12 R
50 D R
16, Dats 7y D R
189 wen pat4 FE—25
ToQ) CASH DQ15
189 ras#
199 cs#
AP CKE
cK
20
; BSO
21 Bs1
SD RDQMB6 15
Loam
5D RDQMB7 __ 39 ] 40
SD_RDQMBY? oo o
SDR_SDRAM
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SD_DQ12
SD_PQ13
SD_DQi4
SD_DQ15

For TM5400 and TM3200, use 10 ohm source termination on DI ADDR/CTRL signals. Use 22

ohm source termination on data signals.
DI traces should be as short as possible

possible). Max trace lengths can also be calculated on a per design basis dependi

on memory speed used.

=
=
=
=

SD_DQO 1 A 8 SD_RDQO
SD_DQ1 RN3BAC 57 3 JaA— B SD_RDQ1
SD_DQ2 1 8 RN35CC YT 22 SD_RDQ2
SD_DQ3 RN3GA-"— " 22 3o 6 SD RDQ3
RN36CL"=T 22
SD_DQ4 1 A8 SD_RDQ4
SD_DQ5 RN37AE T 22 3 __< b SD_RDQ5
SD_DQ6 1 ~ 8 RN37CH 22 SD_RDQ6
SD_DQ7 RN38AC 77 3 JaA— 6B SD_RDQ7
RN38CCYT 22
SD _DQ 1 A8 SD_RDQ
SD_DQ RN39A-"=" 22 3 ~rs_ 6 SD_RDQ
SD_DQ10 1 8 RN39Ct" T 22 SD_RDQ10
SD_DQ11 RN40AE" T 22 3 < A b SD_RDQ11
RN40CH"—"T"22
SD_DQ 3 . 6 SD_RDQ
SD_DQ RN41CE"—~ T 22 1 A8 SD_RDQ
SD_DQ14 3 . B RN42A-"—"T 22 SD_RDQ14
SD_DQ RN4200°Y" 22 4 ~rr_ 5 SD_RDQ
RN42D-"="T22
SD_DQ16 1 A8 SD _RDQ16
SD_DQ17 RN44AT T 22 3o B SD RDQ17
SD_DQ18 1 A 8 RN44CE" =T 22 SD_RDQ18
SD_DQ19 RN45AC 2T 22 3B SD_RDQ19
RN45C-"="T 22
SD_DQ20 1 = 8 SD_RDQ20
SD_DQ21 RN46AC 3 o 6 SD_RDQ21
SD_DQ22 = RN46CC"" 22 SD_RDQ22
22 3 B SD_RDQ23
RN47CH"=T22
SD_DQ24 1 A 8 SD _RDQ24
SD_DQ25 RN48AT" T 22 3B SD_RDQ25
SD_DQ26 1 A8 RN48C-"—"T 22 SD_RDQ26
SD_DQ27 RN49A="—~ T 22 3o 6 SD_RDQ27
RN49CCYT 22
SD _DQ28 4 5 SD RDQ28
SD_DQ29 RN50D-"— " 22 2 o 1 SD_RDQ29
SD_DQ30 3 6 RNGTBC 22 SD_RDQ30
SD_DQ31 RN51CE" " 22 4 A—B SD_RDQ31
RN51D-" =T 22
SD_DQ32 4 A 5 SD_RDQ32
SD_DQ33 RN52D-"—~ T 22 2 7 SD _RDQ33
SD DQ34 3 B RN53B-"— ' 22 SD_RDQ34
SD_DQ35 RN53CE"~" 22 4 A 5 SD_RDQ35
RN53D-"—="122
SD DQ36 4 . 5 SD_RDQ36
SD_DQ37 RN54DE" T 22 2 A SD RDQ37
SD_DQ38 Vv ) RN55BL"—"T 22 SD_RDQ38
SD_DQ39 RN55CE"—~ T 22 A 5 SD_RDQ39
RN55D-"= 1 22
SD_DQ40 1 A8 SD_RDQ40
SD_DQ41 RN56A-"—~ T 22 A 7 SD_RDQ41
SD_DQ42 3 B RN56B-"~" 22 SD_RDQ42
SD_DQ43 RN56CE"~ T 22 ~AA—B SD_RDQ43
RN56D-"—"T 22
SD_DQ44 1 " 8 SD_RDQ44
SD_DQ45 RN57AC" =" 22 2 AL SD_RDQ45
SD_DQ46 3 . 6 RN57BU =T 22 SD_RDQ46
SD_DQ47 RN57CE"—~ T 22 4 n 5 SD_RDQ47
RN57D-"="22
SD _DQ48 1 A8 SD_RDQ48
SD_DQ49 RN58A-"— ' 22 2 o L SD_RDQ49
SD_DQ50 PV 6 RN58B-"— " 22 SD_RDQ50
SD_DQ51 RN58C"~ " 22 ~AA—B SD_RDQ51
RN58D-"—"T 22
SD_DQ 1 A8 SD_RDQ
SD_DQ RN59A-"—~ T 22 2 SD_RDQ
SD _DQ 3 B RN59B-"— ' 22 SD RDQ54
SD_DQ RN59CE" T 22 4 v SD_RDQ
RN59D-"="122
SD_DQ56 P SD_RDQ56
SD _DQ57 RN60A-"— " 22 2 A SD RDQ57
SD_DQ58 3 b RN60B-"—"" 22 SD_RDQ58
SD_DQ59 RN6OC-"— " 22 A 5 SD _RDQ59
RN60D-"—" 22
SD_DQ60 1 A8 SD_RDQ60
SD DQ61 _RN61A ="~ ' 22 2 o a SD_RDQ61
SD_DQ62 3 o6 RN61B — 22 SD_RDQ62
SD DQ63 RN61C "'~ " 22 N SD_RDQ63

4 5
RN61D =122

SD_RDQO
SD_RDQ1
SD_RDQ2
SD_RDQ3

SD_RDQ4
SD_RDQ5S
SD_RDQ6
SD_RDQ7

SD_RDQ8
SD_RDQOY

SD_RDQ10
SD_RDQ11

SD_RDQ12
SD_RDQ13
SD_RDQ14
SD_RDQ15

SD_RDQ16
SD_RDQ17
SD_RDQ18
SD_RDQ19

SD_RDQ20
SD_RDQ21
SD_RDQ22
SD_RDQZ3

SD_RDQ4O
SD_RDQ4#H
SD_RDQ42
SD_RDQ43

SD_RDQEO
SD_RDQS61
SD_RDQE2
SD_RDQE3

89
89
89
89

89
89
89
89

89

89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

89
89
89
89

PCB line impedance should be 60ohms.
no more than

(ideally,

Ww W0 ww ©www ww oo ©www

w ©w ©www

wwww

©Wwww

SD A0
SD A1
sp_A2
sD_A3

sSD.A4
SD_AS
SD_A6
SD_A7

sD_A8
SD A9
SD_A10
SD_A

sD A2
SD_CLKO
SD_CLK1
SD_CKEO

SD_CLK2
SD_CLK3

SD_CKE1
SD_BAD
SD_BA1
SD_CAS#

SD_RAS#

SD_WE#

SD_Cs#0
SD_Cs#

sD_Cst2
SD_Cs#3

SD_DQVEBO
SD_DQVB1
SD_DQvB2
SD_DQVE3

2"

All

to the SO-DIMM if
ng

Corporation. All rights reserved.
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SD_AQ o T SD_RAQ
b RN35ECY"™10 4 o5 SD_RAT v
<" sb A2 2 o 7 RN35D- T 10 SD_RAZ ! 89
SD A3 RN36BC~""10 4 _—__ 5 SD_RA3 e
RN36D°YT 10 f 89
SD A4 2 o L SD_RA4
< sb A5 RN37BCYT 10 2 o 5 SD_RA5 s
SD_A6 1 RN37DO Y10 SD_RA6 Sore g
:§ SD A7 RN38ECY"™10 4 _—_- 5 SD_RAT !
RN38DC~T10 SDRA7 89
SD Al 2 o 7 SD_RA¢
SD_A RN39ECYT 10 7 _~— 5 SD_RA Soe g
— 30 R X, . .
— — 7 RN39 0 SO RAI0 SORAD 89 Use same quickswitch for CD and
SD_A11 RN40BCYT 10 4 5 SD_RAT1 | ; .
ST CAARETY SD_RA11 89 DI depending on routing.
SD A12 1o 8 SD_RA12
— RN4TACT"10 > 7 s
—< 4 & RN4TECT 10 Soroxe 8 A3
—< RN4TDCYT 10 2 7 _ROLK QS SD_CKEO
RN4ZECYT 10
1 8 us
RN43B-"=T10 = 2 1%} 4 —
R 0 __ I < 1@ g 1Y SD_RCKEO 8
RN&3D- T 10 SDCKELOW | 5 7
s o QS_SD_CKE1 A gg 2y > SD_RCKE1 89
—< RN42B0T 10 4 - 5 11
— o RNGD10 @g@gg m o av[Ex
Y — Y, 10
2 RN45B! 0 - SORICAS 89 x4 4n 4y H2—<
4 Raz »—13{ 48
g
2 10K _SD MUX s o
Has &
2 AAN 7
— RNa6BCY 10 p— { > soRrwas 89 R43
O RN&6DCYT 10 GND 10K Qs3257
RN47B0T 10 4 o 5
— RNGTATT6 {> sorine 89
GND GND
B AR 4~ & SD_RnCS0 8
> o 1 RN28DYT10 SD_Rncst 8
RN49BCT 10 4 = 5
L —— & RN49D==" 10 37,1718 SUS STATH# —D—
B RN50AC T 70 7 7 SD RnCS2 89
I 0 SD_RCs3 8
RN50CC 110 S
RNGTAC T 10
STR MUX to avoid glitches on CLK
1o ENABLE rin wer
RNGZA b > 7 SD_RDQMBO 89 .S.du g powe
V) RN52BC~T10 SD_RDQMB1 89 transitions
RN‘—MSZC M T —— & SD_RDQVB2 89
VY SD_RDQMB3 89
RN53A 0
tA— 8 SD_RDQVBA4 89
RN5ZACYT 10 7 o 7 &
p— VY SD_F 89
3 5 RN54B! 0 RDQVBS
RN54C070 T —_ & SDRoOhme 89
RNBEAC YT 10 SD_RDQVB7 89
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V.38
R45 R46
TDM SROM CS1# only connect if using 2 10K 10K
Rio 220 .5MB serial flash n n Raa
devices.
R50 o R51 o R52 TDM_SRDATA
3 SROM Cst# 0K 10K 10K 10K
TDM_SROM_SCLK RA7T 220 R48
2 ha 1 2
R53 220 o o 3 SRDATA Co—IAann
3 SROM_SCLK > YW\ 220
TDM_SROM CS0#
V_3s
R85 220
us2 <
3 SROM_CS0# > W 5
TDM_SROM_SOUT ] u16
RS6 220 121 scik  Rov/BUSY# [H— 10H skl S
q cs
3 SROM_SoUT > WV 135 so (14 Ro4 2202 Hes g
SROM_WP# ad we a 3 srax Co—ww 3 S‘f po |4
31213 PWRGD_CORE > 29 RESET & 8 pe
PRE @
4
AT45DB081A-T > N
TSOP_28 R57
2Kb_SERIAL_EE 10K
R58  R59 0603
10KS 10K
GND
SROM SIN GND
3 SROM_SIN € TDM_SRCS GND
S GND  GND
Vv 38 R60 220
us7 341718 P_RST# oI AnAnz
R184 o
SROM_WP comes from a GPIO 10K 1 s g
pin from the south-bridge 2 12 CSouUTH# 23—
3 SDATA 1022 22— 8MBIT SERIAL FLASH ROM For CMS
3 SROMWP > 4 we 1021 21— \ 2K-BIT SROM
A . (also see BIOS ROM option for
CSIN1# 1019 H2— . . .
WPNEG 7 > 18 R185 220
If GPTO (W) powers up low, [ SEC - ggLNEG:‘CSOLIJ?':)i I " CMS if Serial Flash ROM is not
tie WPNEG high and change 921 1o 1016 [16— used) . This 22V10 is needed
WP pull-up to a pull-down 101 \N10 1015 (18— .
L i 1014 14— to write protect the SROM. It
Co N3 2 . \
SEL= 0 :ATWEL 3 is required for all systems
SEL= 1 :Macronix .
v i ATF2ALV0C that use the Serial Flash ROM.
I oV Tssops TRANSMETA DEBUG CONNECTORS
GND
NOTE, pinout depends on type of
connector used... Use this pinout for
Vertical connector. reverse the
pinouts for Right Angle TDC connectors.
See TDM Guide for description.
J3 Ja
3 NM_DEBUG INIT 1| Nm_DEBUG_INIT 1 eno
3 DEBUG_INIT 3 DEBUG_INIT 17,18 PWR_BTN_PRESSED# 3 USERO
SYS_RST# should also be 3 TDM_RST# 4 | RESET# 4  ATF_INTCPT 4 | USER!
connected to an available —> 31213 PWRGD_CORE TDM _SRCS g:gféSST# 16 Faso - gﬁ%Rz
system level reset R 8 CFG_sCLK MAXI711 51 Usera
7 ' T 7
controller for debug control GND MAX1711 USER4
TDM_SRDATA ,@
of system level reset. TOM SROM. C5TF & GFG_SDATA MAXI711 & USERs
L e 104 srom_cso# MAx171LtD>§ 104 users
TDM SROM SCLK 2| SN scik R 12| Uoene
TDM_SROM_SOUT e - ™C-B 134 6ND
SROM SIN SROM_SOUT ) %14 4seRrg
151 SROM_SIN connections %154 yser10
184N are for 18 userin
34 TDM_SDA 18 S_SDATA reference. GND
181 GND USER pins may 184 User12
34 TOM_SCL S_SCLK ; 191 yseR13
204 GRD be used in any %20 SER14
4 TDM_TDI . 211 7p application 211 GND
- 221 GND specific %22 USER15
4 TOM.TDO 234 Tno manner . %231 USER16
4 TOM TCK 55 TeK %24 USER17
4 TOM_TMS 25 ™S v 24 pin
4 TDM_TRST# TRST#
27| RS GND
5¥s? signals 151718 SUSCH 28 susc
are from > 12131517,18 SUSB# SUSB#
Southbridge 301 GND
\Y 30 pin
GND

PRIMARY DEBUG
CONNECTOR

SECONDARY DEBUG
CONNECTOR

Signals on TDC-A are fixed but TDC-B
may be used for system specific needs.
SEE TDM Guide for further description.

Copyright (C) 1995-1999 Transmeta
Corporation. All rights reserved.
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exoept in accordance with applicable
agreements. This copyright notice does not
evidence any actual or intended publication of
such document.

MET,

Pl TM3200/5400 Reference Schematics

Title:
012-06 ROM & DEBUG
Systems Engineering Group DocumentNumber| )4 Revison: 4|
3940 Freedom Circle =C

| Author: TGS

[™11 "9

| Date: Wednesday, June 21, 2000

Santa Clara, CA 95054
2

7




NOTE, Components on this page are not part are the processor
CORE but have been included for reference of integral system
components that interact closely with the CORE and it's
operation.

chort megations This HC14/FET network is used to increase rise
Vout = 2.00V - D[4:0] * .05V ‘ Diode (D8) g ’ time of PGOOD
MBRM140LT3, 1A, 40V, MOTOROLA

V_SOURCE
A V_SOURCE is either
the battery or wall
D7
CMDSH-3 R160 4.7 supply (~16V)
o 1 2
=
. C231
+ C232 ==C233 68uF
Connect 4.7uF 1uF c234 20SA68M
. vIDVCC to [ ::4 0.1uF 20v
NOTE: Soft Start Not V_38 = -
V_38 fi
implemented in this T§32ooj§4oo A %E vz 9 9 GND
circuit. The need GND Q o oz us3 o GND
for this feature Q Q > |
should be evaluated C235 Z 5 24 4 J NC VDD_CORE
on a design basis. L |l 2 1 TG
1 Cose chae FDS6680A e
47pF 2 23 1 2 22uF L5 R162 .010
V 3s 11,1315,17,18 SUSB# > RUN_SS BOOST 'I X7R -9 >—LIWY.\ 2 1 2
Addition of 10k A 22
pull-ups on VID[] is c237 R163 82K LTc1738 oW 2.8uH 1%
needed to increase 1 d [ 2 31 th 2010
. 19
the rise time on BG
° 330pF 4 Us4 . C238 . C239 ouput
these signals R175 R176 R177 R178 R179 FCcB N 180uF 180uF put
(TM5400 Longun 10K 10K 10K 10K 10K C240 5 8 EEFUEOG181R EEFUEOG181R Capacitors
only) . 0603 0603 0603 0603 0603 1]l 2 SGND SENSE+ T NC D8 av av
1T 16 | yipvee c241 MBRM140LT3
o Iy o Iy v 47pF sense. 2 T 1000pF FDS6680A E
GND - GND GND
4,13 TM5400 VRDAO 1; VIDO vFB 22— 9
4,13 TM5400_VRDA1 13 VID1 10 V
413 TM5400 VRDA2 o viD2 VOSENSE GND
4,13 TM5400_VRDA3 15 VID3 R165 10
4,13 TM5400_VRDA4 VID4 1 2
R166 10
R PGOOD 1
Fs = 275kHz =
. | | | [O)
| — — g
R167 R168 R169 R170 R171 4} LTC1736 SSOP24
1K 1K 1K 1K 1K
0603 0603 0603 0603 0603 v
GND
V_3s
GND GND GND GND GND This RC filter is
GND
needed on the R68
D4 D3 D2 D1 DO LTC736 because 0K e
Longrun causes 1 2 _ PWRGD_CORE 311,12
. \ \ \ B
Install D[4:0] 1if 0 is desired powergood to L ¥V —SNT4AHC1G14 Q3
for boot voltage setting. The negate for short 16243 eND 2N7002
. . 0.1uF
. eriods of time.
TDM can also override any ‘ 1 gh RC network oND onp
; Alternate Components € networ
‘ settings through the TDC-B. p filters out these

i.e., for D[4:0] = 01001 (9)

Vout = 2-(9%.05) = 1.55 ! ‘ MBRS130LT3, 1A, 30V, MOTOROLA .
L MBRM120LT3, 1A, 20V, MOTOROLA Output Capacitors
T —— UPS120, 1A, 20V, MICROSEMI 2x PANASONIC, EEFUEO0G181R, 180uF/4V
10BQO40, 1A, 40V, IR 4X SANYO POSCAP, 2R5TPC220M, 220uF/2.5V
3X KEMET T510E687K006AS, 680uF/4V
MOSFET H (U53) 3X CORNELL DUBLIER ESRE221MOEB, 220uF/2.5V

IRF7807, IR
514884DY, Siliconix

FDS6680A, Fairchild Rs (R162)

LRF2010-R010, 0.010 OHM, 1/2W, IRC

WSL-2010, 0.010 OHM, 1/2W, DALE
MOSFET L (U54)

IRF7805, IR
S514874DY, Siliconix

FDS6680A, Fairchild Inductor (L5)

D104C 919AS-2R8M, 2.8uH, TOKO

Input Capacitor (>5v) CDRH104R-2R5, 2.5uH, SUMIDA
1X Sanyo, 20SA68M, 68uF/20V UP2B-3R3, 3.3uH, Coiltronics
3X AVX, TPSE476M020R0150, 47uF/20V SMP3316-331M, 3.3uH, GOWANDA
3X Kemet, T495X476K020AS, 47uF/20V IHLP-5050CE-01-3.3uH, 3.3uH, VISHAY

1X MARCON, THCR60E1E226ZT, 22uF/25V
2X TAIYO-YUDEN, TMK432BJ106MM, 10uF/25V

Input Capacitor (5v input)

2X AVX, TPSD107MO10R0065, 100uF/10V

3X AVX, TPSD107M010R0100, 100uF/10V

1X Sanyo, 6SV220M, 220uF/10V oo 6 16661650 Tarmct

e o TM3200/5400 Reference Schematics
1X Sanyo, 10TPB220M, 220uF/6.3V e it caiga et TRA ME‘,‘ -
1X Kemet, T510X337KOL0AS, 330uF/10V B Ve ton dpacier e 0XX-01 Power Supply: VDD_CORE

2X TAIYO-YUDEN, JMK325BJ226MM, 22uF/6.3V exoeptin acoordance with applicable —
h not Systems Engineering Group DocumentNumber| )4 Revison: 4|
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\ -5 sy
NOTE, Components on this page are not part are the processor
CORE but have been included for reference of integral system
components that interact closely with the CORE and it's
operation.
D D
When using Longrun with the MAX1711, install QS3245 or similar to
protect processor VRDA pins since power supply Vcontrol pins are on
and pulled up to 5v. (sometimes even when uP is off depending on
Vsource for MAX1711). The quickswitch also level translates 3.3V
pull-up voltage to 2.5V for TM5400 0.0 (1.0 has 3.3V tolerant
inputs, but QS must still be used to protect from 5V. Pull-ups to
3.3V must be 1k to meet timing specs of Vcontrol inputs of MAX1711
- and LongRun since VRDA signals are open-drain and rely on pullup for -
fast transition times.
V_3s
RN68A, 1 A 8
RN68E, o ==
V_3s RN6SCS 5 O ¢
RN68D 4 L™ &5
—_RN6OA 1 (O g
J u2s _RN69B o T 7
QS3245 RN6OD 4 LT 5
YT
81 8 Al 2 RN69C AT 1K
x—18 2 N
T 2 £ wfd V_5STBY
412 TM5400 VRDAO 15 1pq A4 2 is 5V
¢ 4,12 TM5400 VRDA1 1‘; B5 A5 ;3 that is C
e e veon 2 FEAA s always V_SOURCE is either
412 TM5400 VRDA4 B8 A8 powered. the battery or wall
% NCC;H [ supply (~16V)
d V_5STBY V_SOURCE
9 c102 25V A
1.0uF 20%
R61 20 1210
TM54°°IL°“ RI.III 1 2 1] Input Capacitance
GND 1
Note: c104 c105 should be selected
i o lgr Lpr  for cach desiam
. T T . .
25V *_J 20% -20%,+80% depending on input
Lo fgﬁ) d gi.rm 3025 1812 voltage source. -
GND c* u19 o
§ § ; DH_VCORE J NC‘ GXD
C106 LVZZUF BST 10 4 VDD_CORE
- 7 N
I 2 o1JoE | ReF 047uF FDS4410 L1
1 2 51 ¢ DH |24 o 1 ~vy2
l§0pF u18 | 1.8uH
GND X 23 LX VCORE C109
11,12,1517,18 SUSB# > 2 nSHDN U20 N 253'1UF
3 —l 20%
MAX1711 > DL VCORE 4 J NC D3 0603
TON open results ,;,GNDJA_j B240A GND
B in Fs =300kHz B
FDS6680A
fg Do Fp |3 GND FB_VCORE
P l 18 B; FBs 4 | GND
ower Supply i B4 GNps -1 onos voore | T
specs
P —-&1 1on PGOOD (-2 1 2
Vrange: 1.2 - s = nsmpﬂj? Vs
— e ~— — — ) 3
fid: 74, 8.1 ogm s S cwm S| 3
eak 0603 0603 0603 0603 0603 100K
& R174 1K
I Urippte: +/- 1%, 5% | | I sp——
max droop on 0 to 7A e o o o o 270K cots anp STHARETSH ; 7o
- This RC filter is 0.1uF
swing D4 D3 D2 D1 DO needed on the MAX1711 GND GND
because it has a bu
‘ ‘ oo oo that causes the PGOgD This HC14/FET network is used to increase rise
Install D[4:0] if 0 is desired for boot signal to deasserted VDD_CORE time of PGOOD
‘ voltage setting (when Longrun is not during valid voltage ‘ ‘ ‘ ;
] transitions caused by c224 c22 c226 c22 c228 €220
used)'. The TDM can also override any ‘ Longrun. (use only i S22 i ZZO;F i saoie i Szar, i zaoue i Sa2e
- + 20% + 20% + 20% + 20% + 20% + 20%
i—\e,ggéngslet%fogg%ltilf? ggcl%ill in a TM5400 system 25V 25V 25V 25V 25V 25V
. ‘ iR Longrun) ) :I\ :I\ :{\ :I\ :I\ q\
A Vout = 2.00V - D[4:0] * .05V & . : : } A
GND
‘ i.e., for D[4:0] = 01001 (9), ‘ 4 to 6 x 220uF BULK TANT Caps on VDD CORE (4 for <600Mhz
Vout = 2-(9*.05) 1.55 operation). 50m ohm ESR or less Output Capacitance. This
L J may change depending on capacitor choices.
Comamion A s oo T A PR TM3200/5400 Reference Schematics
This document contains confidential and R M E T Title:
document cortoins oo
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NOTE, Components on this page are not part are the processor
CORE but have been included for reference of integral system
components that interact closely with the CORE and it's
operation.

o D
V_58
ROM DI1, ROM A[] and MBM29F160TE
BIOS_XX control ROM_A[190] [ e 47 TSOP-48 / ROM D7l
B signals come from xbus Egmj’:‘i ROM DO H
. 25 29 N
controller. ROM_AZ A0 8 DQoO ROM_D1
—ROW AT 25| Al > DQ1 A —opr—
—R_GM:A_A'_ZLZZ A2 DQ2 Jﬁ—m—m—as’
: A3 bas : If ROM BSY# signal
—RONAE—2- A4 DQ4 (B — e . -
—ROM AT—2g] A5 D5 40— 0w s { > sosBsw 17 18 used, comnect to
RO AE—2 A6 DQ6 42— arroT— GPI of southbridge
—ROM-AT— L2 A7 DQ7 [H4—— = or other.
V_58
ROV ATT—2 A8 D@8 30—
—ROM_ATO 7 | N
ROM_AT1 A9 DQo 52— VoS
ROM AT A10 DQ10 [-34—x
—ROMATT 2 A1 pQ11 38—
CROWAT g A2 DQi2[Eix R150 Rist ¥
ROV ATE—2] At 0Q14 M43 2oy 0 10K 10K D6
» A5 DQ15/A-1 BATS54
ROW AT AY  RvBve |8
c EPROMA[] signals from the DAM A8 R15210K 10_RST# should be c
TM3200/5400 are bank 4 EPROMAR:1] A19 RESET pl AV o <] lo.Rst# from an board level
wppld—o | reset signal or tie
selects for the BIOS ROM. BYTE VA123 V_58 nigh.
BIOSﬁ\/\Wﬁ ﬂ WE «o
BIOS_RD# OE 22 nNec2 83—
—28d ce 56 Not 10

@

2 R154
V_58 2 10K
ND
R155 l

Q1
IRLML6302
10K GND

SOT-23

wer s e o .
Unprotect is available only on the TM5400. 13 5
TM5400: connect to RSVD_G2 R157 PRZLML2402 []
TM3200: RSVD_G2 is already used, so ™ReD?T [ > A . 1J SOoT23 D ¢ s
eliminate unprotect circuit. 47K L [
Ifm b s
GND GND GND G s
B If used only for System BIOS, install 512K (or 256k) E
If used for CMS and System Bios, install 2M. In TM5400 systems, the lower 3/4 of
the ROM are protected so and unable to be erased (by i.e. an 'erase all' command to
the ROM). The unprotect circuit allows CMS to reprogram protected sectors during a
CMS upgrade (TM5400 only). The GPIO pin used for 'unprotect' is not availabe on
TM3200. Therefore, eliminate the unprotect circuit in TM3200 systems and ensure
| that only the lower 1/2 of the ROM is protected. This allows a known good copy of |
CMS to remain protected and allow the unprotected CMS section to be reprogrammed
during CMS upgrades. Note how EPROMA[2:1] signals are connected to the 2MB ROM.
These signals act as bank selects to select either CMS sectors or BIOS. When CMS
has decompressed and is ready to run x86 code, these signals select the highest
bank (11) to allow access to the BIOS code.

e s o 2 TR A MS M E .,. e ot TM3200/5400 Reference Schematics
This. documem oorv?a\ns confidential and Title:
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NOTE, Components on this page are not part are the processor
CORE but have been included for reference of integral system
components that interact closely with the CORE and it's
operation.

o D
V_5STBY
is 5V
that is v 5STBY
always A
powered.
25mA
Output
V SOURCE is either To Power L = (Vout*(Vinmax - Vout))/Vinmaxx*fosc*Iout*LIR
the battery or wall VDD_CORE where Vout = 2.5V
] supply (~16V) Controller Vinmax = 19V B
fosc = 150KHz
V_SOURCE V_SOURCE LIR = ripple current/load current = 0.30
A A L = 27uH @ Tout = 1.5A

Ipeak = 1.15*Iout = 1.725A

c112 c113 o )
0.1uF 4.7uF
50V 10v D4 .
20% 20% >E BAT54 <1331é
Ui
0805 d . 1206 U2 257
GND GND (&Q dd -20%,+80%
o
c > > | 1812 Switched 2.5 c
4 NC GND VOLTS OUTPUT
(controlled by
1 2.5 VOLTS OUTPUT
11,1718 SUSCH > 8- nSHDN DH DH V25 MMSF5NO3HDR2 SUSB# - suspend
14 BST V25 V_25 well B control V_258
SUSC# is suspend BST c115 from the PITX
well C control C116 22nF u21 0.1uF Southbridge)
from PIIX4 1]l 2 SS V25 1] g
; I 15 LX V26 1
Southbridge LX
C117 0.47uF MAX1655 oL a3 DL V25
1 2 REF V25 3| oo
PGND |12 L2 1.8uH R70  0.045 U41  P-Channel
1ov 1 vy Y2 F| 2 8
\V/ 10% 1 T C118 | o
L) GND 0805 5| syne ESOUF | A
csH |8 x
u24 20%
o .
9 X Case —
csL D5 IRF7220
4 NC 7 N nRgn
2 nskip B240A G119 | 220pF b
FB [~ N
a MMSF5NO3HDR2 o GND
z
[
f Vout = Vref (1+R4/RS)
GND where Vref = 1.0V
R5 = 100k
v Vout = 2.5V + 2%
GND (regulation error) =
% SENSE V25 CSH 2.
8 GND SENSE V25 CsL 8
FB V25
V.3
u4s
T4AHC14
|| 11.1317,18 SUSB# D 2 -D 4 '
- Use any available inverter here.
GND
A A

Copyright (C) 1995-1999 Transmeta
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NOTE, Components on this page are not part are the processor
CORE but have been included for reference of integral system
components that interact closely with the CORE and it's

operation.

V_3s
L3
A2 VDD_Q3
68 Ohm c120
+ 10uF == = = ES = = =
1ov C121 | C122 | C123 | C124 | C125 | C126 | C127
20% 01UF | 0.4uF | 0.1uF | 0.1uF | 0.1uF | 0.1uF | 0.1uF
352819 | 0603 | 0603 | 0603 | 0603 | 0603 | 0603 | 0603
V_258
\
GND
R 2 VDD Q2
68 Ohm c128
+ 10uF = S R76 10
2% | G| SR ded dd ddddd CLA21EM 52 77— O axuseuwss 17
- - 9% 99 J979+
Vs 352819 | 003 | 0603 CLK_14.318M IOR > cik ustemio
If using 1CS9148-12, gg g8 85838 REFO
add pull-up to SEL pin oo 29 99999 Rert
since R1gs Rerz 4 CLC RHO NA—E T axm 3
) 7 t
there is no internal 10APICO 45— &
pull-up. And do not N CPUCLKO )
CPUCLK1
n:
sor A O e e
19
481719 SMBUS_SDA SDATA
481719 SVBUS SCL é ; 20 spcLk u26 SDRAMO [-38—x
SDRAM1 (33—
11 Faso[ > 18 { spL SDRAM2 (33—
% SDRAMS3 [—32—x
1718 PCILOLK STOP# 289 pci_sTop SDRAM4 (30—
1718 CPU_CLK STOP# 219 cPU_STOP SDRAMS (22—
17,18 SUsA# CRVODE Q PWR_DWN XG571 9 CLK PCI R 1 _— 8
MODE peicLio 2 SIKPerR T RTNSARRET ——— CLK PCILNB 4
IMIXG571CYB rciciki SIPeTR — =AY CLK PCIVI
PCICLK2 (12 e 3 6 RN63E 10 CLK PCIAU
13 CLK PCI R RN63CC YT 10 4 - & Pyt
PCICLK3 [~ CLK PCL R 1 8 RN63D-"= " 10 CLKPCLIO
PCICLK4 7y g CLK_PCI_Rb RN64ACT 10 2 o7 bt
PCICLKS CLK PCIRF. 3o 6 RN62BC"10 S 1710
N N 8 RN62CCYT 10 o (PCLSB 17,
R78 R79 XTL_IN 4l PCICLK_F “RNBIDY 0 ¢
47K 47K XTLOUT 5| xour 18 2aMHZe 22
48_24MHZ2 23—
R R NDNNNOND
DODDDADD R80 10
1 :ﬁ: 4 g CLK 48M RUSB WA > axsamuss 17
A=K BEEEREE -
14.318 MHZ
== c131 = c132
15pF 15pF
o o
\ \ \ 4 4
GND GND GND GND GND

This is for reference.

The clock generator is not an
integral piece of the core but is shown for reference.

Copyright (C) 1995-1999 Transmeta
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V3
SB_SLEEP# A R8T 10K v_3s
vas ] AR EXT_SMi#
R82 10K RN66A 1 . g 47
A BATLOW# RN66B o =8 7 47l
R83 W RN66C 3 A 5 47
27K R84 10K RN66D 4 _Gasl 5 47
PWR BTN PRESSED# MY
WA
S8 SERRQ >
V_258 v_3s
VAS A
R85 10K
R86 10K LID OPEN W DIvM_B_SE1. vt 8
° R8T aw—10K DIMM B _SEL# 8
R8s 10K SMBALERT# LB S
RO 10K WW R89 10K
R8T 10K
AAA A20M R91 Aaa_ 10K SB_RI# g EE&E to DI SODIMM I2C SPD MUX
RO2  jaa 10K EEEFF V.3 v_3s
R93 10K THRM# A A R94 0
Vv 3s 418 P_AD[0.31] __T___L
A ol o]l Unused gpo are ]
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CORE but have been included for reference of integral system
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