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This document covers many issues that arise when the
backside cache is designed for members of the MPC7450
family of microprocessors. Because many other resources
discussing general hardware design are available, this
application note focuses on features or areasthat are specific
or new to the MPC7450 family. Topics of interest include
clocking, layout, and configuration of the hardware
interface.

While this document refers to the MPC7450 throughout, it
equally appliesto any MPC7450 family microprocessor that
features an L 3 backside cache interface. In cases where
device-specific differences exist, these are mentioned
explicitly.

1 Introduction

A well-designed backside cache interface is an important
component in obtaining the best performance in a system
using one of the microprocessors in the MPC7450 family
featuring an L3 interface, such as the MPC7451 and
MPC7455. The purpose of this document isto illuminate
issues of concern to the designer and address common
guestions about the MPC7450 backside cache. Additionally,
the L3 cache interface implements new features designed to
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Introduction

provide agreat deal of flexibility for debugging and for support of future SRAM technologies. This
application note also describes many of these new featuresin detail.

1.1  General Design Guidelines

The guidelines for designing a backside cache interface are as follows:
* Placethe SRAM physically as close as possible to the processor
* Makeall traces as short as possible
» Match all trace delays as closely as possible

 Use'Y’ or ‘T topologieswith equal stub lengths for address and control signals; daisy-chains are
not generally recommended

* Do not use signal terminators unless careful simulation shows them to be necessary

Because of the clocking schemesfor the backside cacheinterface, propagation delaysdo not directly affect
an AC timing analysis of any signal that is delay matched with its associated clocks. All AC timing
parameters described in the hardware specifications assume the specified signal is delay matched with the
appropriate clock signal; that is, an L3_CLK signal for data (during write accesses), address, and control
signals, or an L3 ECHO_CLK signal for data signals during read accesses. Differencesin the delays
between asignal and the associated clock signal must be accounted for in the AC timing analysis and the
guidelines are intended to minimize this. These clock groups are described in the hardware specifications,
and Section 3, “Clocks and Timing” discusses them in detail.

Signal integrity isaprimary concern when designing afast interface. Minimizing transmission line effects
and trace loading by the placing of the SRAM in close proximity to the processor and using the shortest
possible traces helps to ensure a favorable environment. If the guidelines presented here are followed,
signal terminators should not be necessary and are not generally recommended unless detailed signal
integrity analysis and simulation show them to be necessary. Finally, electromagnetic interference (EMI)
may be also be of concern given the fast clock rates of the L3 bus. Limiting the trace lengths helpsto
minimize emissions.

1.2  Signals of the L3 Cache Interface

This section describes the uses of the L3 interface signals for each type of SRAM technology. Except for
the echo clock signals, the signal use for MSUG2 DDR is essentially identical to pipelined burst and late
write SRAM. Note that the L3_ADDR busislittle-endian, whereas al others are big-endian. Thisis
because the PowerPC™ architecture is a big-endian architecture while most SRAM vendors define the
address signals on their devices as little-endian. For convenience, the L3_ADDR busisdefinedina
little-endian format so that L3_ADDRJQ] is connected to SA[0] on the SRAM, and so on.

1.2.1 Signals in Pipelined Burst and Late Write SRAM Modes

Figure 1 showsthetypica connectivity for the L3 interface, and Table 1 liststhe signalsfor the MPC7450
L 3 cache interface and their functions when the interface is configured in pipelined burst and late write
modes.

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1

2 Freescale Semiconductor



Introduction

. SRAM O
MPC7457 L3_ADDR[18:0] »| SA[18:0]
L3 CNTLJ[O —
_ [0] 535
L3_CNTL[1] _
> SW

L3_ECHO_CLK]0]
{L3_DATA[0:15], L3_DP[0:1]}

A

A

> DQ[0:17]  ZZ}—GND

L3_CLK[0] ‘ =l enp

\
Y

{L3_DATA[16:31], L3_DP[2:3]}

> DQ[18:36] K |—GVpp/2

A

L3_ECHO_CLK][1]

Y

SRAM 1
SA[18:0]
Ss
L3_ECHO_CLK[2] SW

YVYY

A

3 {L3_DATA[32:47], L3_DP[4:5]} > DO[:17]  7Z|—GND

L3_CLK[1] < s eno

DQ[18:36] K |— GVpp/2

[
\

Y
/

{L3_DATA[48:63], L3_DP[6:7]}

A
Y

> L3_ECHO_CLK][3]

Figure 1. Typical Signal Connections for 4M L3 Cache PB2 and Late Write SRAM

Table 1. L3 Interface Signal Functions for Pipelined Burst and Late Write SRAM

Signals Description Comment/Alternate Name
L3CLK][0:1] SRAM clocks Each clock drives clock input of one SRAM
L3_ECHO_CLK][1,3] |Synchronization loop clock L3_SYNC_OUT[0,1]
outputs

L3_ECHO_CLK]J0,2] |Synchronization loop clock inputs |L3_SYNC_IN[O0,1]

L3_CTRLO Chip enable L3CE
L3 CTRL1 Write enable L3WE
L3_ADDR[18:0]1 |Address bus MSB: L3_ADDR[18] 2, LSB: L3_ADDRJ[0]
L3_DATA[0:63] Data bus MSB: L3_DATA[0], LSB: L3_DATA[63]
L3 _DP[0:7] Data parity (1 bit per byte lane) UsegI f?jr address and data parity if address parity
enable

1 MPC7457 only; MPC7450, MPC7451, and MPC7455 implement L3_ADDR[17:0], supporting up to 2 Mbytes of
SRAM. Note that the MPC7457 supports 2M of L3 cache; the remainder must be private memory.

2 MPC7457 only; L3_ADDRJ[17] is the MSB for MPC7450, MPC7451, and MPC7455.
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1.2.2

Signals in MSUG2 DDR Mode
Figure 2 showsthetypical connectivity for the L3 interface, and Table 2 liststhe signalsfor the MPC7450

L3 cache interface and their functions when the interface is configured in MSUG2 DDR mode.
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Figure 2. Typical Signal Connections for L3 Interface with 4M DDR SRAM

Table 2. L3 Interface Signal Functions for Pipelined Burst and Late Write SRAM

Signals

Description Comment/Alternate Name

L3CLK[0:1]

SRAM clocks Each clock drives clock input of one SRAM

L3_ECHO_CLK][0:4]

Echo clock inputs Inputs for clock signals driven by SRAM for read data

L3_CTRLO

Chip enable L3CE

L3_CTRL1

Write enable L3WE

L3_ADDRI[18:0] !

Address bus MSB: L3_ADDR[18] 2, LSB: L3_ADDRI[0]

L3_DATA[0:63]

Data bus MSB: L3_DATA[0], LSB: L3_DATA[63]

L3_DP[0:7]

Data parity (1 bit per byte lane) |Used for address and data parity if address parity

enabled

1 MPC7457 only; MPC7450, MPC7451, and MPC7455 implement L3_ADDR[17:0], supporting up to 2 Mbytes of
SRAM. Note that the MPC7457 supports 2M of L3 cache; the remainder must be private memory.

2 MPC7457 only; L3_ADDR[17] is the MSB for MPC7450, MPC7451, and MPC7455.
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2 Configuring the L3 Cache Interface in Software

Two registers, the L3 cache control register (L3CR) and memory subsystem control register (M SSCRO),
are used to configure the L3 cache hardware interface. The L2 cache control register (L2CR) also has one
bit (L2CR[L30OHOQ]) that affectsthe L3 cache for the MPC7455 (only). Each of theseregistersisdiscussed
in the following sections. The MPC7457 has an additional register, the L3 output hold control register
(L3OHCR), which is not on other MPC7450 family devices. Another register, the L3 private memory
addressregister (L3PM), is used to set the base address for private memory space when the L3 cacheis
operating in private memory mode, but this register is not of concern from a hardware design standpoint
and is not discussed in this application note.

2.1 L3 Cache Control Register (L3CR)

The L3CR isthe primary configuration register for the L3 cache. This section discusses the fields that
affect the hardware aspect of the design. Fields not discussed are associated with other aspects of the
design and are detailed in the MPC7450 RISC Microprocessor Family User’s Manual and in other
application notes.

2.1.1 L3 Clock Ratio (L3CLK)

The L3 clock is derived from the processor core clock. L3CLK determines the core:L3 clock ratio.
Because the L3 clock frequency cannot be less than the system clock frequency, the minimum L3 clock
freguency in any system is the system bus frequency. Though the various device hardware specifications
specify amaximum or typical L3 clock frequency, the specifications also explain that the actual maximum
frequency isafunction of the AC timing of the processor, of the SRAM, circuit loading, and board
characteristics such aslayout, signal integrity, and so forth. Stable operation of the L3 at clock frequencies
higher than the value specified in the hardware specificationsis possible in awell-designed,
tightly-toleranced system, but the specified value is considered arealistic, approximate limit in atypical
system. Likewise, not all designs may be able to achieve the stated maximum frequency.

The MPC7457-specific L3CLK[L3CLKEXT] bit isan extension of the L3CLK field, allowing additional
clock divider ratios. These additional ratios are useful when the combination of a high core clock
frequency and slow L3 clock frequency isdesired, which may useful during system debug. Some dividers
not previously provided, such as 4.5 and 5.5, now allow finer control of the L3 clock frequency. Because
the minimum L3 clock frequency is the system bus frequency (fsy g k). the higher dividers must be used
with caution asit is possible to violate this rule with these dividers.

2.1.2 L3 Sample Point Configuration (L3CKSP, L3PSP, and L3SPO)

Three fields, L3CKSP, L3PSP, and L 3SPO, configure the sample point settings for the MPC7450 L3
cache. These settings determine when the processor samples the FIFO to which all data read from the
SRAM isforwarded. These settings are configured entirely in software and are mentioned here only
because propagation and loading delays on the board affect them, so the delays must be known before the
sample points can be configured. For details on configuring the sample point settings, see Setting the
Sample Points on the MPC7450 L3 Backside Cache (AN2182). Note that the sample points must be

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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configured regardless of which type of SRAM isused and whether the L3 isused in cache mode or private
memory mode.

The MPC7457-specific L3 Clock Sample Point Extension (L3CKSPEXT) field is an extension of
L3CKSP and alows higher sample point settings to be selected. It is unlikely these will be needed in a
typical system during normal operation, but they may be useful in debugging L3 interface problems.

2.1.3 L3 Non-Integer Ratio Clock Adjustment (L3NIRCA)

The L3NIRCA field is used to adjust the phase of the L3_CLKx with respect to the address, control, and
data signals for anon-integer clock ratio (that is, 2.5:1, 3.5:1). To understand the purpose of this bit, you
must understand how the L3 clock signals are generated. The address, control, and data (for writes) are
driven based on an internal L3 clock (internal_L3clk). To provide adequate setup and hold times at the
SRAM inputs, the MPC7450 attempts to drive the corresponding L3_CLK edge three-quarters of an L3
clock period later. The offset is generated using the VCO clock (VCO_clk), which runs at twice the
processor core clock (core_clk) frequency. You can make this delay exactly three-quarters of an L3 clock
period in any integer ratio mode because theratio of VCO _clkto L3 CLK isawaysamultiple of two and
L3 CLKx can bedriven onarising or falling VCO_clk edge, as shown in Figure 3; this example shows a
datawrite and 4:1 core:L 3 ratio.

VCO_ck mwm

coeck 1 [ LI 1 L LI LI 1| LI L[

internal_L3clk | I | |

< 3/4'Clock Offset s

. , ;
L3CLK[0:1] [ : |
. | . : |
: ' | : | '
L3_ADDR [ '+ Address 0 ' X . Address 1 | )
: : | : | :
L3_DATA ; : I ) (__Da@0 X__Datal.

Figure 3. Offset of L3_CLK Signals from Internal L3 Clock with.4:1 Core:L3 Ratio

In non-integer ratios, however, thereis not an even number of core clocksin an L3 clock period and thus
the VCO_clk-to-L3_CLK ratio is not amultiple of two. Therefore, thereisno rising or falling VCO_clk
edge at apoint in time exactly three-quarters of an L3 clock period after the internal_L3clk edge. Instead,
thereisaVVCO_clk edge one-quarter of aV CO period before and after theideal point. Asaresult, you must
decidewhichVCO_clk edgeto usetodrive L3CLK][0:1]. Inthedefault state (L3NIRCA = 0), the VCO_clk
edge just after the ideal point is used, as shown in the 3.5:1 examplein Figure 4. If L3NIRCA = 1, the
VCO_clk edge just before the ideal point is used, as shown in Figure 5.
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These dlight deviations from the ideal case are not comprehended in the L3 AC timing parametersin the
hardware specifications. However, because the L3 AC timing specifications are guard banded, devices
operating in non-integer ratio clock modes should meet all specifications. Additionally, because the
amount of delay incurred isinversely proportional to the core frequency, higher core frequencies further
mitigate any effectsfrom it in atypical application. However, if you complete adetailed AC timing
analysis and are still concerned that there may be very small margins for the SRAM’s input hold,
L3NIRCA can be set in order to provide an additional VCO phase (that is, one-quarter core clock) of input
hold margin at the SRAM. Because this shifts the clocks, the SRAM input setup margin is reduced by the
same amount and this bit should not be set if input setup time margin at the SRAM isvery small.

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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2.1.4 L3 Output Valid Time Adjust (L3OH1)—MPC7455-Specific

For the MPC7455 (Rev. 2.1 and later), L30OH1 (L3CR[12]) can be used in conjunction with L30OHO
(L2CR[12]) to provide additional output hold time from the processor. Only the MPC7455 implements
these bits and exact implementations vary according to device revision, as shown in Table 3. For
MPC7455 Rev. 2.1, these bits cause the L3CLK[0:1] signalsto drive clock edges earlier relative to the
address, control, and data signals, similar in effect to the L2CR[L20H] bits on some earlier processors
such asthe MPC755 and MPC7410. Thisincreases the amount of input hold time provided to the SRAM.
However, it also causes the amount of input setup margin at the SRAM to reduce by alike amount. For
MPC7455 Rev. 3.x and later, non-zero values cause the L 3 clocks to be delayed relative to the address,
control, and data signals, resulting in faster output valid time but less output hold time. It isimportant to
note the distinction. For specific information on the effect of these bits on the L3 AC timing, see the
appropriate hardware specifications for a particular device.

Table 3. L30OHO and L30H1 Implementations by Device

Device
L30OHO0 L30OH1
(L2CR[12]) | (L3CR[12]) MPC7455 MPC7455 MPC7455
Rev. 2.0 and Prior Rev. 2.1 Rev. 3.x and Later

0 0 Not supported Least output hold time for | Least (best) | Most output hold time Most
all address, control and output valid | for all address, control (worst)
data signals (Default) time and data signals output

(Default) valid time

0 1 Most output hold time for Less output hold time
all address, control and for all address, control
data signals latched by and data signals
L3_CLK1. (Not
recommended)

1 0 Most output hold time for Even less output hold
all address, control and time for all address,
data signals latched by control and data
L3 _CLKO. (Not signals
recommended)

\J Y

1 1 Most output hold time for | Most(worst) | Least output hold time Least
all address, control and output valid | for all address, control (best)
data signals time and data signals output

valid time

For MPC7455 Rev. 2.1, each L30OH bit separately controlsone L 3 clock signal. Therefore, both bits should
be cleared or both set for this revision of the MPC7455. Setting one bit but not the other causes only one
of the clocksto be driven earlier, effectively increasing the clock-to-clock skew between the L3 clock
signals (defined as t; 3cgyy1 1N the MPC7455 RISC Microprocessor Hardware Specifications). For
example, if the LBOH[0-1] = 0b01 for the L3 interface shown in Figure 6, all signals being latched by

SRAM 0 (shown in bold) have modified AC timing, while those latched by SRAM 1 do not. Therefore, a
separate AC timing analysis for each SRAM, using the default processor L3 AC timing for SRAM 1 and
the modified processor L3 AC timing for SRAM 0, is necessary. This technique is useful, however, in
cases Where it is not possible to make the data trace lengths for one of the SRAMs match the associated

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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L 3 clock tracelength and some additional hold timeisneeded for that group of signals. Caremust betaken,
because the L3 address and control signals are vulnerable to the added clock-to-clock skew because they
are shared by both SRAMSs; see Section 3.2, “Clocking and Address and Control Signals (all SRAM
types).”

For MPC7455 Rev. 3.x and later, it is not possible to introduce clock-to-clock skew in this way because
the the bits comprise a 2-bit value that selects among 4 possible values and both L3 clock signals are
equally affected by L3OH[0-1].

Unlike earlier devices that implement L20H bits (such as the MPC755 and MPC7410), changing the
output AC timing does not impact the L3 input setup and input hold times becausethe L3 ECHO_CLK
signals are not affected by the settings of these bitsin any way.

MPC7455 L3_ADDR[16:0] S A[?(?:é]M 0
L3_CNTL[0] - i» 5SS
L3_CNTL[1] | }> =
. < L3_ECHO_CLK|0] '
Denotes Signals [~ ) .

Being Latched {L3_DATA[0:15], L3_DP[0:1]} o DO0:17] 77| GND
Relative to > - »! K G| _GND
L3_CLK][0] {L3_DATA[16:31], L3_DP[2:3]} _

< 7 U » DQ[18:36] K —GVpp/2
> L3_ECHO_CLK[1]
Added SRAM 1
Clock-to-Clock SA[16:0]
. Skew 3S
Denotes Signals | L3_ECHO_CLK[2] SW

Being Latched
by SRAM 1 {L3_DATA[32:47], L3_DP[4:5]} Do[0:17]  ZZ|-GND
Relative to L3_CLK][1] \ ' —
L3_CLK[1] > = K G| _GND

’ {L3_DATA[48:63], L3_DP[6:7]} DQ[18:36] K | GVpp/2
> L3_ECHO_CLKJ3]

Figure 6. Effects of Setting L30OH[0-1] = 0b01 on L3 Interface Timing for
MPC7455 Rev. 2.1 and Prior

2.2 L2 Cache Control Register (L2CR)

For the MPC7455 (only), onebit inthe L2CR, L30OHO (L2CR[12]), is used to configure the L 3 interface.
For details on this bit, see Section 2.1.4, “L 3 Output Valid Time Adjust (L30H1)—MPC7455-Specific,”
and the appropriate hardware specifications for a particular device. This bit isreserved on all MPC7450
family devices except the MPC7455.

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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2.3 Memory Subsystem Control Register (MSSCRO)

Two bit fieldsin MSSCRO, L3TCEN, and L3TC, affect the number of cyclesthe processor will wait before
issuing awrite transaction to the SRAM following aread transaction, or issuing aread transaction
following awrite transaction. Note that no delay is added between consecutive read transactions or
between consecutive write transactions. Additionally, the MPC7457 supports an additional bit field,
L3TCEXT, that allows alonger wait period; thisfield is not implemented on MPC7450, MPC7451, or
MPC7455. For MSUG2 DDR, this turn around time is normally one clock, whileit is two clocks for
pipelined burst and late write SRAM types. Because it may be desirable to increase thisturn around time
during system debug, these defaults can be overridden in software by setting L3TCEN. When thisbit is
set, the turn around time is defined by the value of the L3TC and L3TCEXT fields (and L3TCEXT field
for the MPC7457) as shown in Table 4; for reference, this table also shows the default read-to-write
turn-around times for each of the supported SRAM types. Adjusting the turn around time may also be
useful in special applications where the L3 interface is used to interface with devices other than SRAM;
see Section 5.2, “ Address Bus Bit Ordering and Alternative Uses of the Backside Cache Interface.” For
most applications, L3TCEN and L3TC should normally be cleared.

Table 4. Read-to-Write Turn Around Time Settings

Turn Around
MSSCRO[L3TCEN] | MSSCRO[L3TC] | MSSCRO[L3TCEXT] 1 L3CR[L3RT] | Time (L3CLK Comment
Periods)

0 X X 0b00 1 Default for MSUG2 DDR

0 X X 0b01 2 Default for late write

X X X 0b10 X Reserved

0 X X Ob11 2 Default for pipelined burst

1 0b00 0 X 2 Settings intended for
debug use

1 0b01 0 X 3

1 0b10 0 X 4

1 Obl1 0 X 5

1 0b00 1 X 6 MPC7457 only; settings
intended for debug use

1 0b0O1 1 X 7

1 0b10 1 X 8

1 Obl1 1 X 9

1 MPC7457-specific; not implemented on MPC7450, MPC7451, or MPC7455.

2.4 L3 Output Hold Control Register (L30OHCR)—MPC7457-Specific

On the MP7475 is an entire register, L3OHCR, dedicated to controlling the output AC timing. The
function of thisregistersis similar to that of L30OH[0-1] in the MPC7455. However, it is much more
flexible and allowsfor greater control of the output timing. Each L3OHCR field controlsthe output timing

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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of agroup of signals. Section 4.1.1, “Using L3OHCR—MPC7457-Specific,” contains examples showing
how these bit fields can be used to adjust the AC timing of the interface to correct timing violations.

Table 5. L3OHCR Bit Field Descriptions

L3OHCR Bits Bit Field Name Signals Affected Comment

0-1 L3AOH L3A[17:0], L3_CTRL[0:1] [Increases input hold time margin and decreases
input setup margin at SRAM; affects timing at both
SRAM devices

2-4 L3CLKO_OH L3CLKO Increases input setup time margin and decreases
input hold margin at SRAM

5-7 L3CLK1_OH L3CLK1

8-10 L3DOHO L3_DATA[0:7], L3_DP[0] |Increases input hold time margin and decreases
input setup margin at SRAM during write

11-13 L3DOH8 L3_DATA[8:15], L3_DP[1] accesses; does not affect read access AC timing
14-16 L3DOH16 L3_DATA[16:23], L3_DP[2]
17-19 L3DOH24 L3_DATA[24:31], L3_DP[3]
20-22 L3DOH32 L3_DATA[32:39], L3_DP[4]
23-25 L3DOH40 L3_DATA[40:47], L3_DP[5]
26-28 L3DOH48 L3_DATA[48:55], L3_DP[6]
29-31 L3DOH56 L3_DATA[56:63], L3_DP[7]

2.5 L3 Input Timing Control Registers (L3ITCRnN)

Though L3ITCRn alter the input AC timing of the MPC745x family, they are intended for factory debug
use only. However, they may be useful when debugging suspected AC timing issues associated with data
read accesses. These registers are described in the application note Using the L3I TCR Registers of the
MPC7450-family L3 Cache Interface (AN2580). Note that the effects of these registers are not
characterized or tested at thistime.

3 Clocks and Timing

The MPC7450 provides two output clocks, L3 CLK]0:1], for use by the SRAM to latch the address,
control, and datasignals. TheL3_ECHO_CLK][0:3] signals are used by the MPC7450 to latch data driven
by the SRAM during aread access. The hardware specifications describe several important parameters,
namely different types of clock skew, that affect an AC timing analysis of the backside interface. The L3
clock output jitter information is provided so that it can be compared with the input jitter requirements of
the SRAM, but the conservative L3 AC timing specifications provided in the hardware specifications
aready includethe output jitter. Therefore, it does not need to be separately consideredinan L3 ACtiming
analysis. Because the clock signals, particularly the L3 ECHO_CLK signals, are used differently for
pipelined burst and late write SRAM when compared to MSUG2 DDR SRAM, the subject of clocking for
each technology is treated separately for each SRAM technology.

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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3.1 Differential Clocks

Many SRAM devices have differential clocks while the MPC7450 has single-ended clocks. Most
manufacturers do support single-ended clocking of their devices and provide recommendations for how
theinverted clock input (K) should beterminated. For example, aparticular manufacturer may recommend
that the K input be tied to V g or GV pp/2. These signals are shown as terminated to GV pp/2 in the
following examples, but the required termination for a particular SRAM device may vary from device to
device and the recommendations of the manufacturer should always be followed.

3.2 Clocking and Address and Control Signals (all SRAM types)

Asshown in Figure 7, each SRAM latches the shared address and control signals using one of the

L3 CLK]J0:1] signals. The AC timing of the address and control signalsis not associated with one
particular L3_CLK signal. Furthermore, the hardware specifications specify t; scgkw1, the skew between
L3 CLK]0] and L3_CLK]1], also shown in Figure 7. Because the direction of this skew is not defined,
this skew must be deducted from the input setup and input hold marginsfor the address and control signals
of each SRAM. Though Figure 7 shows the diagram for PB2 and |ate-write SRAM, the above discussion
equally appliesto DDR SRAM.

MPC7450 L3_ADDRI[16:0] ol s A[fgé]'v' 0
L3 CNTL[0] [ \’ 55
L3 CNTL[1] \ /> =
. L3_ECHO_CLK]0] '

Denotes Signals [~ ] )

Being Latched | {L3_DATA[0:15], L3_DP[0:1]} DOO:17] 77| GND
by SRAM 0 L3_ CLK[0] A _
Relative to > = U) K G |-GND
L3_CLKI[O L3_DATA[16:31], L3_DP[2:3 _

_CLKIO] | {L3_DATA[16:31], L3_DP[2:3]} /7 DOME36 K |GVool2
> L3_ECHO_CLK[1]
SRAM 1
SA[16:0]
. 55
DenotesSignals | L3_ECHO_CLK[Z] W

Being Latched |~
by SRAM 1 {L3_DATA[32:47], L3_DP[4:5]} o Do:17]  ZZ|—GND
Relative to A L3_CLK[1] \ g . =

— G| _GND
L3_CLK[1] > K —

{L3_DATA[48:63], L3_DP[6:7]} DO[18:36] K — GVpo/2

A

> L3_ECHO_CLK][3]

Figure 7. Address and Control Signal Clocking and L3_CLK Clock-To-Clock Skew

3.3 Data Signals and Writes (all SRAM types)

During awrite accessto the SRAM, each SRAM latches one-half of the data bus (and data parity signals)
using oneof theL3_CLK][0:1] signals; notethat thisistrue regardless of which SRAM typeisused. Unlike
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address and control signals, however, the AC timing of each half of the data bus and the associated data
parity signalsis coupled with an L3 clock signal, as shown in Table 6 and Figure 8. Therefore, t| 3csxwi
does not affect the data signals during a write transaction.

Table 6. Clock Groups for Write Accesses (All SRAM Types)

Signal Associated clock during write access
L3_DATA[0:31] L3_CLK][0]
L3DP[0:3]
L3_DATA[32:63] L3_CLK][1]
L3DP[4:7]
MPC7450 L3_ADDRJ[16:0] R SA[?GR:S]M 0
L3_CNTL[0] S5
L3_CNTL[1] —
> SW
. L3 _ECHO_CLK]O0]
Denotes signals [~ _ '
driven and {L3_DATA[0:15], L3_DP[0:1]} N »| DQ[O0:17] 27 |_GND
latched relative L3 CLK[0] / \ _
to L3_CLK[0] > = \ }> K G| —GND
L3 DATA[16:31], L3_DP[2:3 —
{3 [ L L3 DPI2:3]) \/’ DQ[18:35] K |—GVbp/2
> L3_ECHO_CLKJ[1]
SRAM 1
SA[16:0]
i -
Denotes signals | L3_ECHO_CLK[Z] ”| SW
drivenand |~

K G|_GND

A 4

{L3_DATA[48:63], L3_DP[6:7]} DO[18:35] K L GVpo/2

A\ 4

L3_ECHO_CLK][3]

Figure 8. Write Data Clock Grouping

However, thisis true only when the signals are routed as shown in Figure 8, or at least such that only
signalsfrom L3 _DATA[0:31] and L3DP[0:3] (if used) are routed to SRAM 0 regardless of order. Thus,
there is a constraint on the amount of optimization during layout. For example, if L3_DATA[32:47] and
L3DP[4:5] wererouted to SRAM 0 and L3 DATA[16:31] and L3DP[2:3] to SRAM 1, asshown in
Figure 9, then t; 30«1 Would affect all of those signals. This is because the MPC7450 is driving

L3 DATA[16:31] relativeto L3 _CLK][O] while SRAM 1 islatching them relativeto L3 CLK][1];
likewise, L3 _DATA[32:47] are being driven relativeto L3_CLK][1] by the processor but being latched
relativeto L3_CLK][0] by SRAM 0. However, optimizing the data signals within a clock group is

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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acceptable. For example, no penalty is associated with routing L3_DATA[15] to DQ[16] and
L3 _DATA[16] to DQ[15] on SRAM 0. While pipelined burst SRAM is shown in the examplesin the
section, this equally applies other SRAM types.

MPC7450 R SA[?(SR:Q]M 0
Ss
> SW
Denotes Signals [~ _ _

Being Latched {L3_DATA[0:15] L3_DP[0:1]} 0y DQIO:17] 77| GND
by SRAM 0 L3_CLK[O] / \ “
Relative to > = P K G|_GND
L3_CLK[O] _

{L3_DATA[16:31], J@L DQ[18:35] K (—GVpp/2
. N L3 _DP[2:3]} L
Denotes Signals SRAM 1

Being Latched SA[16:0]
by SRAM 1 35
Relative to » =

> SW

L3 CLKI g {L3_DATA[32:47],

% L3_DP[4:5]} bo1n 2ZLGND

R L3_CLK[1] K Sl oND
Denotes Signals . ) .
L3_DATA[48:63], L3_DP[6:7 —

Skewed by t - [ ] - [ ]-} DQ[18:35] K — GVpp/2
t 3cskwi R

Figure 9. Example Showing Skew Resulting from Incorrect Signal Routing

3.4  Data Sighals and Read Accesses

Aside from clocking data on rising and falling edges for DDR SRAM types, the other major difference
between the SRAM technology families from the standpoint of system design is how the processor
synchronizes data being read from the SRAM. Pipelined burst and late write are handled in the same way
and are treated together, while MSUG2 DDR is handled differently.

3.4.1 Data Signhals and Reads for Pipelined Burst and Late Write SRAM

Like earlier devices, the MPC7450 uses a synchronization loop to latch dataread from pipelined burst and
late write SRAM types. Unlike earlier devices that used one loop to synchronize all data being returned
from the SRAM, however, the MPC7450 implements two sync loops, one each for half of the data. The
fistloop iscreated by routing atrace that beginsat L3 ECHO_CLK]1], runs halfway out to SRAM 0, and
then back to the L3_ECHO_CLK][Q] input. The second loop beginsat L3 ECHO_CLK][3], runs halfway
outto SRAM 1, and then back totheL3_ECHO_CLK]?2] input. Aswith previous PowerPC | SA processors
featuring a backside cache interface, this allows the designer to make correctionsin the AC timing budget
by adjusting the length of the loop traces. The advantage of two loops, versus the single loop of earlier
devices, is that data returning from each SRAM is synchronized individually, allowing more refined
adjustments to the timing budget of each SRAM. The disadvantage is that, as shown in Figure 9, fewer

Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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liberties can be taken in optimizing signal routing. Unlike earlier devices, the MPC7450 does not employ
aDLL for the L3 interface and the clock edgesreceived at L3 ECHO_CLKJ0] and L3_ECHO_CLK]1]

are used only to latch data; changing the feedback loop length does not affect L3 output AC timing. See
Section 4.2.1, “*AC Timing Margins for Pipelined Burst and Late Write SRAM.”

When the length of the synchronization loop isthe same as the associated data traces, the input AC timing
of the L3 interface meets those published in the hardware specifications. By making this trace longer or

shorter, the clocks can be skewed, as described in Section 4.2, “Adjusting AC Timing Margins Using

Hardware.” When analyzing AC timing, t| acsky2, Which describes the skew between L3_CLK[0] and

L3 ECHO_CLK]1] and between L3 _CLK[1] and L3_ECHO_CLK][3], must be subtracted from the

processor input setup and input hold margins. Thisappliesonly to read transactionsfor pipelined burst and
late write SRAM types. The value of t| 3cg«w2 IS published in the hardware specifications. As shown in
Figure 9, signals should not be mixed between clock groups due to the resulting skew (t; 3cskwa)-
Similarly, it isincorrect to connect L3_ ECHO_CLK[1] to L3 ECHO_CLK][2] and L3 ECHO_CLK]3] to

L3_ECHO_CLK]O].

Table 7. Clock Groups for Read Accesses to Pipelined Burst and Late Write SRAM

Associated Clock Synchronization Loop During

L3DP[4:7]

Signal Read Access Source of Echo Clock Output
L3_DATA[0:31] L3 ECHO_CLK[1] to L3_ECHO_CLK]0] L3_CLK][0]
L3DP[0:3]
L3_DATA[32:63] L3 ECHO_CLK[3] to L3_ECHO_CLK][2] L3 CLK[1]
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MPC7450 L3 _ADDRJ[16:0] R SA[?SS]M 0
L3_CNTL[0] Jss
L3_CNTL[1] —
> SW
. L3_ECHO_CLK]0]
Denotes Signals
Latched Relative | {L3_DATA[0:15], L3_DPIO-1} DQ:17] 77| _GND
to L3_ECHO_ \r/ L3_CLK[O] -
CLKIO0] > = K _GND
L3_DATA[16:31], L3_DP[2:3 —
< O £ [16:31), L3 DPIZ:3] f DQ[18:35] K —GVop/2
> L3_ECHO_CLK][1]
SRAM 1
SA[16:0]
Denotes Signals L3_ECHO_CLK[Z] ”| SW
Latched Relative
to L3_ECHO_ {L3 DATA[32:47], L3 DP[4:5]} DQ[0:17] 77 |_GND
CLK[2] R L3_CLK[1] « AR
>
. {L3_DATA[48:63], L3_DP[6:7]} f DO[18:35] K| GVpp/2
> L3_ECHO_CLK[3]
Figure 10. Data Read Clock Grouping for PB2 and Late Write SRAM
3.4.2 Data Signals and Reads for MSUG2 DDR SRAM

While many of the concerns for pipelined burst and late write SRAM are equally applicable for address
and control signals being driven to MSUG2 DDR SRAM, and even for data signals during write
transactions, data being returned from DDR SRAM must be considered separately because of the way in
which datais being latched by the processor. Feedback |oops are not used to synchronize data returning
from DDR SRAM. Instead, the SRAM itself suppliesaclock that the processor usesto latch the data. Each
echo clock input is used to latch two bytes of data and associated parity, as shown in Table 8 and in

Figure 11.
Table 8. Clock Groups for Read Accesses to MSUG2 DDR SRAM
Signal Associated Echo Clock Input
L3_DATA[0:15] L3_ECHO_CLK]0]
L3DP[0:1]
L3_DATA[16:31] L3_ECHO_CLK][1]
L3DP[2:3]
Understanding the MPC7450 Family L3 Cache Hardware Interface, Rev. 1
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Table 8. Clock Groups for Read Accesses to MSUG2 DDR SRAM (continued)

Signal Associated Echo Clock Input
L3_DATA[32:47] L3_ECHO_CLK[2]
L3DP[4:5]
L3_DATA[48:63] L3_ECHO_CLK[3]
L3DP[6:7]
. SRAM 0
MPC7455 L3ADDR[17:0] . SALLTO]
L3_CNTL[0] B1 B3 —GND
L3_CNTL[1] B2 G|—GND
Denotes Signals | L3_ECHO_CLK]0] co LBO |—GND
Latched by . . roYaY
L3_ECHO_CLK[0]| ¢ {L3DATA[0:15], L3DP[0:1]} D[0:17] Col-neC
L3 _CLK]|0O] > CK @ NG
L3DATA[16:31], L3DP[2:3 —
- ! [ ] 231 D[18:35] CK |— GVpp/2
Denotes Signals L3_ECHO_CLKJ1]
Latched by - - - cQ
L3_ECHO_CLK[1]
SRAM 1
» SA[17:0] B3 —GND
» Bl _
Denotes Signals L3ECHO_CLK[2] » B2 G |—GND
Latched by -« = cQ iBO —GND
L3_ECHO_CLK[2] {L3_DATA[32:47],L3DP[4:5]} _
-€ D[0:17] CQl—-NC
O L3_CLK[1] - 1 ne
L3DATA[48:63], L3DP[6:7 —
Denotes Signals | i [ ] [6:71) D[18:35] CK |— GVpp/2
Latched by L3_ECHO_CLK[3]
L3_ECHO_CLK][3] | cQ

Figure 11. Data Read Clock Grouping for DDR SRAM

The effects of incorrectly routing signals and mixing clock groups depend on the SRAM and which clock
groups are affected. Given thetighter time constraints associated with DDR datatransfers, itisall themore
critical to avoid adding skew. For example, referencing Figure 11, if the SRAM used specifies a skew
between its echo clock (CQ) outputs, this must be subtracted from the processor input setup and input hold
marginsif L3_DATA[15] and L3_DATA[16] are swapped at the SRAM. (Thisis not the case at the time
of thiswriting since current MSUG2 DDR SRAM data sheets do not specify any skew between CQ
outputs.) Similarly, differencesin length of the L3_ ECHO_CLK]0] and L3_ECHO_CLK][1] traces must
also beincluded. No signals between the L3_CLK[O] group (that is, L3 DATA[0:31], L3DP[0:3]) should
ever bemixed withsignalsfromthe L3 CLK]1] group (thatis, L3 DATA[32:63], L3DP[4:7]) becausethe
incurred skew (t, 3cskwq) during write accesses could be significant in a DDR application and severely
limit the maximum attai nable frequency.

Note that t| 302 has no meaning in a DDR application and need never be included in any timing
analysis because al echo clocks are inputs.
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Adjusting AC Timing Margins

4  Adjusting AC Timing Margins

After acareful timing analysis of theinterface, it may be desirable or necessary to adjust the timing. This
ismost easily accomplished by using the L30OH[0-1] bits (for the MPC7455) or L3OHCR (for the
MPC7457). However, there is no such software mechanism for the MPC7450. Similarly, if the available
settings do not provide the needed timing relief in an MPC7455 system, it may be necessary to adjust the
length of the traces on the routed board. A simple approach to L3 designis asfollows:

1. Follow the guidelinesin Section 1.1, “General Design Guidelines.”

2. Initially assume L3 _CLK traces equal in length to the average trace length of the associated
L3 DATA signals (see Table 6). Likewise, assume L3 ECHO_CLK feedback trace lengths (for
PB2 or late write SRAM), or L3 ECHO_CLK tracelengths (for MSUG2 DDR), equal to thetrace
length of the associated L3 CLK signal (see Table 7 and Table 8). Thisisthe baselineand is
assumed in the L3 AC timing specifications

3. Perform a detailed timing analysis based on the planned layout (before fabricating the board)

4. Investigate software means (for MPC7455 and MPC7457) of adjusting timing

5. Make adjustments to the trace lengths as needed
Repeat analysis and simulation to verify the correct timing

4.1  Adjusting AC Timing Margins Using Software

For the MPC7455 and MPC7457, it is much better and easier to use software to adjust AC timing margins
where possible. The L30OH[0-1] bits allow software to directly adjust the AC timing of the MPC7455
interface. The effects of these bits are straightforward and conveyed directly inthe L3 AC timing
specifications. See also Section 2.1.4, “L3 Output Valid Time Adjust (L30H1)—M PC7455-Specific.”
The L30OHCR onthe MPC7457 is more sophisticated, however, and warrants more discussion of possible
uses and benefits.

41.1 Using LBOHCR—MPC7457-Specific

The versatility of the L3OHCR allows most address, control, and data write timing errors to be corrected
in software. As briefly described in Section 2.4, “L 3 Output Hold Control Register
(L3OHCR)—MPC7457-Specific,” the L3OHCR can be used to adjust the timing of individual groups of
signals. The following examplesillustrate how these bits can be used.

41.1.1 Example 1. Correcting SRAM Input Hold Time Violations

Referring to Figure 12, suppose L3 DATA[8:15] and L3_DP[1] are routed so that their trace lengths are
shorter than the other signalsin that clock group. As aresult, the transitions on those signals arrive earlier
relative to the L3_CLKO edge than the other signalsin the group. This may cause an input hold time
violation at the SRAM, as shown in Figure 13. The value of L3DOHS8 can be increased to delay these
signals such that they meet the SRAM'’ s requirements, as shown in Figure 14. Note that no other signal
groups were affected.
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L3ADDR[17:
MPC7457 3 170 "sa 1S7R-§ "o
L3_CNTL[0] [17:0]
— > B1
L3_CNTL[1] R
P L3_ECHO_CLK][0] B2
Denotes Signals {L3DATA[0:7], L3DP[O]} N cQ
Driven and A D[0:8]
Latched {L3DATA[8:15], L3DP[1]} Vo
Relative to > D[9:17]
L3_CLK[0] L3 CLK[O] / \
N 3| CK
{L3DATA[16:23], L3DP[2]} \ /
{L3DATA[24:31], L3DP[3]} \ / D[18:25]
>| D[26:35
L3_ECHO_CLK[1] \ [ !
CcQ
L3 CLK[1] > SrRAM1
{L3DATA[32:63], L3DP[4:7]} ~
L3_ECHO_CLK[2:3] g
Figure 12. Example 1: Short Traces on L3_DATA[8:15] and L3_DP[1]
| | | | |
L3_CLK[0] |

| |
| |
| |
L3_DATA[0:7—@& lDataO A Datal DA Data2 D Data3 ),—
|
a
|
|

! |
1 | |
L3 _DATA[8:15]——@  Data0 § Data 1 § Data2 § Data3 § :
4 ,
| .

L3 _DATA[16:23} Data 0 Data 1 Data 2 Data 3 :

| : | | : | | | .
L3_DATA[24:31] Data 0 Data 1 Data 2 Data 3
I [ [

SRAM Input Setup j \ SRAM Input Hold & SRAM AC Timing
' . \ Violation
%\

Time Requirement Time Requirement

Figure 13. Example 1: Input Hold Time Violation on L3_DATA[8:15] and L3_DP[1]
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41.1.2

|
L ! ! |
' ! ' [ !
L3_DATA[0:7] Data 0 Data 1 Data 2 Data 3 :

[V ANIRY VAN Y (VAN VA Y
L3_DATA[8:15];
N/ N/

L3_DATA[16:23}—@ DataO )( Datal )( Data2 )( Data3 )—

L3_DATA[24:31] Data 0 Data 1 Data 2 Data 3

el | L L

SRAM Input Setup j k SRAM Input Hold /7N Corrected SRAM AC
Time Requirement Time Requirement v+ Timing Violation
.7/

Figure 14. Example 1: Input Hold Time Violation Corrected using L3OHCR[L3DOHS]

Example 2: Correcting SRAM Input Setup Time Violations

Just asL.3A OH can be used to delay the address and control signals, and L3DOHnN to delay the datasignals,
L3CLKO_OH and L3CLK1_OH can be used to delay the L3 clock signals. However, the goal is not to
improve SRAM input hold time margins but to delay the clocks relative to the other signals to improve
SRAM input setup time margins. Example 2, shown in Figure 15, considers a case opposite to Example 1.
Here the trace lengths for L3_DATA[8:15] and L3 _DP[1] are longer than the other traces, causing
transitions on these signalsto arrive later relativeto the L3_CLKO0 edge than the other signalsin the group.
This creates an SRAM input setup time violation, as shown in Figure 16.
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MPC7457 L3ADDR[17:0] A 1S7R.’6AM 0
L3_CNTL[O] [17:0]
— B1
L3_CNTL[1]
L3_ECHO_CLK][0] B2
C
Denotes Signals {L3DATA[0:7], L3DP[0]} N ©
Driven and D[0:8]
Latched {L3DATA[8:15], L3DP[1]}
Relative to
L3_CLK[0] N p| D[9:17]
L3_CLK][0]
P CK
{L3DATA[16:23], L3DP[2]}
» D[18:25]
{L3DATA[24:31], L3DP[3]} \ /
V) > D[26:35]
L3_ECHO_CLK][1]
-t cQ
| SRAM1
L3 CLK[1] >
{L3DATA[32:63], L3DP[4:7]} 4
J L3_ECHO_CLK[2:3] i’
Figure 15. Example 2: Long Traces on L3_DATA[8:15] and L3 DPJ[1]
| | | | |
L3CLK]0] |

| | |
| | |
[ | ! o !
L3_DATA[0:7]—& DataOl W@ Datal BDA Data|2 P Datals »
|
a

' ' ' : | :
L3 _DATA[8:15] ——— Data 0 Data 1 Data 2 Data3 )———
R\ o R\ ! R\ o ' I '
[ | [ | :
L3 DATA[16:23] -—L'%'o_)( | Datal 1 )(| Datall 2 Data 3 :
: C : : :
L3 _DATA[24:31] Data 0 Data 1 Data 2 Data 3 _—
[ [ [ [ :
[ [ [ (I :
SRAM Input Setup j & SRAM Input Hold % SRAM AC Timing
Time Requirement Time Requirement \% Violation

Figure 16. Example 2: Input Setup Time Violation on L3_DATA[8:15] and L3_DPJ[1]
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| |
L3CLK[0][ ] |

| |
L I
. L
L3_DATA[0:7—@C Data|0 § Data|11

L3_DATA[8:15]————— Data 3 !
' . 7 .

1 1, i, ) | \ 1,
X \r : | \r : | \r :| \r :|
L3_DATA[16:23}———@ Data 0 I)( Data 1 |’( Data2_ Llls'\ﬁ')—;
! | ] | | | | :
L3_DATA[24:31] Data O Data 1 Data 2 Data 3 .
| | | | '
Lo 1T o
y ; Corrected SRAMAC
SRAM Input Setup j SRAM Input Hold v 1 Timing Violation
N7

Time Requirement Time Requirement

& SRAM AC Timing
% Violation
Figure 17. Example 2: Input Setup Time Violation Corrected using L3OHCR[L3CLKO_OH]

Asshown in Figure 17, delaying an L3 clock makes all signal transitions appear earlier relative to the
clock. Take care when using L3CLKn_OH because delaying the clocks affects the AC timing of all inputs
of the SRAM receiving the clock in question (including the address and control signals, not shown in these
examples). Inthiscase, shifting the clocks created an SRAM input hold timeviolation. Fortunately, control
of the output delaysin L3OHCR are independent of each other. Therefore, L3DOHO can be used to correct
the timing violation created by adjusting L3CLKO_OH, as shown in Figure 18.

e [ L L

X 7 ' :
L3 _DATA[0:7] Data 0 Data 1 Data 2 Data 3 ’

L4 \ AY \ | VAR

N P N L N2 ./
' (T | P N Ty sl '
L3_DATA[8:15]——— ( DataO )( Data 1 )(‘ Dafa 2 ;
) \ T, ,

| |
L3_DATA[16:23}—v—( DataO )( Datal )( Data2 )( Data3 )—

| | | | | | | l
L3_DATA[24:31]—v—( DataO )( Datal )( Data2 )( Data3 D :

!
! \ \/ /
!
!

FARRN
SRAM Input Setup j k SRAM Input Hold P C.or.rectetlj SRAM AC
Time Requirement Time Requirement R 4 Timing Violation

Figure 18. Example 2: Input Setup and Hold Time Violations Corrected using L30OHCR
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4.2  Adjusting AC Timing Margins Using Hardware

When it is not possible to correct timing margins in software, the only recourse is to adjust trace lengths
to skew signals. If you follow the recommendationsin Section 1.1, “ General Design Guidelines’” most
adjustments to timing margins are made by adjusting the lengths of L3 clock or echo clock traces. The
following sections briefly describe the main concerns in doing so for the various SRAM technologies.

4.2.1 AC Timing Margins for Pipelined Burst and Late Write SRAM

Adjusting AC timing margins for pipelined burst and late write SRAMSs requires care because of the
interdependence of read and write timing. Adjusting the feedback loop trace length while leaving the

L3 CLK trace length unchanged affects only the AC timing margins for data read accesses, but changing
the L3_CLK trace length while leaving the synchronization loop length unchanged affects both read and
write access AC timing. The relationship between the relative length of the feedback Ioop and the
associated signalsis straightforward and is shown in Figure 19 and summarized in Table 9.

Data Write, Address, and Control:

|
L3 Address, Control, :
and Data (at SRAM) |
|

L3 CLK[0:1] '
(at SRAM)
< | >
. . | . .

Making the L3_CLK signal trace shorter | Making the L3_CLK signal trace longer

moves the clock edge in this direction , moves the clock edge in this direction
Changing the synchronization loop trace length has no effect
on data write access timing or address and control timing

Data Read:

P

|
i
L3 DATA __ |
(at CPU) |
| >

Making the L3_CLK signal trace shorter | Making the L3_CLK signal trace longer
moves the data in this direction l moves the data in this direction

L3_ECHO_CLK][0,2]
(at CPU)

< >
< >

Making the synchronization loop trace shorter moves the = Making the synchronization loop trace longer moves
received echo clock edge in this direction | the received echo clock edge in this direction

Figure 19. Adjusting the Length of Clock and Synchroni.zation Loop Traces for PB2 and Late Write SRAM
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Table 9. Effects of Clock Trace Lengths on AC Timing Margins for PB2 and Late Write SRAM

Change in L3_CLK Trace Length (Relative | Change in Synchronization Loop Length
to Other Signals in Clock Group) (Relative to Other Signals in Clock Group)
Parameter
Shorten Lengthen Shorten Lengthen
SRAM input setup margin Decrease Increase None None
SRAM input hold margin Increase Decrease None None
Processor input setup margin Increase Decrease Decrease Increase
Processor input hold margin Decrease Increase Increase Decrease

The amount the parameters increase or decrease is determined by the amount of propagation delay added
or subtracted from the trace lengths. Changesin L3_CLK and synchronization loop lengths are
independent and cumulative.Shortening or lengthening the L3 _CLK trace lengths affects al of the
parameters and always by an equal amount. For example, shortening the L3_CLK trace lengths such that
100 ps of propagation delay is added increases the SRAM input setup and processor input hold margins
by 100 ps while smultaneously decreasing the SRAM input hold and processor input setup margins by
100 ps. To change only the SRAM input timing margins while leaving the processor input timing margins
unchanged, an equal amount of propagation delay must be added to the feedback loop to offset the effects
of changing the L3_CLK trace lengths. The amount of actual trace length to remove or add to achieve a
given change in a propagation time is design dependent and should be determined after careful analysis
and simulation of the board and trace properties. Determining propagation delay is beyond the scope of
this document but some references in the bibliography discussthe topic in detail, particularly High-Speed
Digital Design: A Handbook of Black Magic.

4.3  Adjusting AC Timing Margins for MSUG2 DDR SRAM

Adjusting AC timing marginsfor MSUG2 DDR issimplified because the independence of the echo clocks
from the L3 clocks allows flexibility in adjusting timing margins. the input timing at the SRAM can be
adjusted without affecting the input timing at the processor, and vice versa. Changing the length of an
L3 CLK trace affects only the SRAM input setup and hold margins, and changing the length of an

L3 ECHO_CLK trace affects only the processor input setup and hold margins. For the MPC7455, the

L 30H bits may be useful, depending on the timing requirement violated and the device revision in
guestion. In other cases, it may not be possibleto use L30H to correct timing problems. For the MPC7457,
the L3OHCR providesenough granularity and flexibility to allow adjustments entirely in software without
need to resort to hardware fixes in most systems. For the MPC7450 and MPC7451, which have neither
L30OH[0-1] or the L3OHCR, adjusting trace lengths is the only way to adjust AC timing margins.

4.3.1 Adjusting Address, Control, and Data Write Timing

For the MPC7455, L30H[0-1] offer the simplest method of adjusting the AC timing of the L3 interface.
Similarly, L3OHCR settings can be used for the MPC7457 to adjust output AC timing. Changing the
length of an L3 clock trace length to skew athe clock affects the input setup and hold time margins of all
signals (data, address, and control) received by that SRAM. This does not affect the data input setup and
input hold margins for data read from the processor because those signals are latched by the processor
using an echo clock input.
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4.3.2 Adjusting Data Read Timing

To change the processor input setup and input hold margins, the length of the corresponding L 3 echo clock
trace should be changed. This does not affect the input setup and input hold margins at the SRAM.

Table 10. Effects of Clock Trace Lengths on AC Timing Margins for DDR SRAM

Changein L3_CLK Trace Length (Relative Change in Echo Clock Trace Length
to Other Signals in Clock Group) (Relative to Other Signals in Clock Group)
Parameter

Shorten Lengthen Shorten Lengthen
SRAM input setup margin Decrease Increase None None
SRAM input hold margin Increase Decrease None None
Processor input setup margin None None Decrease Increase
Processor input hold margin None None Increase Decrease

Data Write, Address, and Control:

L3 address and control

(at SRAM)
|
L3_DATA / :
(at SRAM) \ |
|
L3_CLK][0:1]
(at SRAM)
|
< | >
Making the L3_CLK signal trace shorter | Making the L3_CLK signal trace longer
moves the clock edge in this direction I moves the clock edge in this direction
Changing the echo clock trace lengths has no effect on data
write access timing or address and control timing
|
Data Read: |

- X

L3_ECHO_CLK][0:3]

(at CPU) < >
Making the L3_ECHO_CLK trace shorter moves , Making the L3_ECHO_CLK trace longer moves
the received echo clock edge in this direction the received echo clock edge in this direction

Figure 20. Adjusting the Length of Clock and Echo Clock Traces for DDR SRAM
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Special Considerations for the L3 Address Bus

5 Special Considerations for the L3 Address Bus

Specia considerations for the bus include burst accesses and MSUG2 DDR as well as address bus bit
ordering and alternative uses of the backside cache interface.

51 Burst Accesses and MSUG2 DDR

When pipelined burst or late write SRAM is accessed, the MPC7450 does not use the burst feature of the
SRAM. Instead, the processor issues a unique address for each beat of data. However, thisis not possible
with DDR SRAM types because address and control signals are essentially SDR inputs (that is, they are
driven/sampled only on rising clock edges). Therefore, the burst feature of DDR SRAM must be used. For
MSUG2 DDR, the MPC7450 uses two-beat bursts to access SRAM. That is, one address isissued for
every two beats of data, a cache line access requiring two such burststo transfer all 32 bytes.

The order of the address bitsis significant for DDR. With pipelined burst or late write SRAM, the address
bits can be reordered without worry because the SRAM ‘sense’ of the address space has no effect on the
operation of the interface and thereisa 1:1 relationship between an address and the data stored there. For
example, the processor can drive address X on the L3 address bus, which the SRAM in turn interprets as
address Y, but there is no error because the SRAM accesses address Y if the processor drives address X.

Because the burst feature must be used with DDR SRAM the processor does not supply a unique address
for every beat of data. Instead, the processor supplies one address and the SRAM accesses two addresses,
the one supplied by the processor and another determined by the SRAM itself (for example, X and X + 1).
Therefore, the SRAM’s ‘sense’ of the address space becomes significant. For example, consider a case
with the L3 address bus reversed at the SRAM and connectivity as shown in Table 11.

Table 11. MSUG2 DDR Address Wiring Error Example

MPC7450 Address Pin SRAM Address Pin
L3 _ADDR[17] SA[0]
L3 _ADDR[16] SA[1]
L3_ADDR[1] SA[16]
L3_ADDR[0] SA[17]

In this situation, the address interpreted by the SRAM isthe mirror image of that driven by the processor.
For example, the SRAM interprets address 0x00550 (as driven by the processor) as address 0X0AA0O.
Now consider the case where the processor accesses L3_ADDR[17:0] = 0x00000. The reversed address
bits make no difference here and the SRAM internally accesses 0x00000 and 0x00001, supplying the
expected data to the processor. If the processor initiates an accessto L3 ADDR[17:0] = 0x20000 some
time later, however, the SRAM then internally accesses address 0x00001 because of the reversed address
bits. The problem isimmediately clear: two addresses (0x00001 and 0x20000) in the processor sense of
the address space map to address 0x00001 in the SRAM sense of the address space. Theresult is corrupted
dataor instructions or modified databeing overwritten and lost. To avoid this situation, always connect the
L 3 address bus signals in the correct order, particularly the lowest 2 bits (L3_ADDR[1:0]).
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5.2 Address Bus Bit Ordering and Alternative Uses of the Backside
Cache Interface

Theaddressdriven on the L3 addressbit isderived from the physical address (PA) of the accessthat caused
it (as opposed to the effective or virtual address). However, the order of the address bitswith respect to the
physical addressis not sequential. The order of some bits changeswhen compared to the physical address.
Thisis of no particular concern in atypical application where, by nature of being a backside cache bus,
only the MPC7450 would ever access the SRAM. Therefore, the actual appearance of the address on the
L3 busisimmaterial because no device ever needsto decodeit. However, system designers have expressed
interest in using the L3 interface with dual-ported SRAM or programmable logic devices as afadt,
dedicated bus. While this goes beyond the origina intent of the interface, such an application of the
interfaceis possible if carefully considered and properly implemented.The private memory feature is
likely to be very useful in such an implementation because it configures the interface in non-cache mode
so that the L3 tags are not used and accesses to private memory space never access the system bus
interface. However, the private memory space must be cacheable and the L1 data cache enabled for data
accesses to reach the interface. Thisis because cache-inhibited accesses bypassthe L 3 interface (including
private memory) and data accesses are treated as cache-inhibited if the L1 data cache is disabled. (For
details, see the MPC7450 RISC Microprocessor Family User’s Manual.) Also, private memory is
non-coherent with respect to system memory and other devices in the system must not issue global (GBL
asserted) accesses (that is, transactions to be snooped) to the private memory address range. Failure to
observethisrequirement can result in loss of private memory dataif the dataresidesinthe L1 or L2 cache
and a snoop hit occurs.

Thefirst stepisto useadual-ported SRAM compatible with one of the supported SRAM typesor todesign
the custom logic such that it conformsto the interface protocol of one of them. If it is not possible to make
the external device exactly match the protocol of any of the supported SRAM types, it may still be possible
to choose the mode that it most closely matches and then use some of the additional configuration options
described in earlier sections, such as L3TC, to alter the configuration of the interface.

The second step is to understand the ordering of the address bits. Thisis provided in Table 12.

Table 12. L3 Address to Physical Address Bit Mapping

Private Memory Size and Corresponding Physical Address Bit 1
L3 Address Bit
1M 2M am?
L3_ADDRJ[18] 2 — PM 4 17
L3_ADDR[17] PM® 18 18
L3_ADDR[16] 19 19 19
L3_ADDR[15] 20 20 20
L3_ADDR[14] 21 21 21
L3_ADDR[13] 22 22 22
L3_ADDR[12] 23 23 23
L3_ADDR[11] 24 24 24
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Thefinal step isto determine the information that affects the software configuration, such as L3 clock

Table 12. L3 Address to Physical Address Bit Mapping (continued)

Private Memory Size and Corresponding Physical Address Bit !
L3 Address Bit
1M 2M am?
L3_ADDR[10] 25 25 25
L3_ADDR[9] 26 26 26
L3_ADDRI[8] 27 27 27
L3_ADDR[7] 28 28 28
L3_ADDR[6] 29 29 29
L3_ADDR[5] 30 30 30
L3_ADDR[4] 16 (Way 2) 15 (Way 2) 14
L3_ADDR[3] 17 (Way 1) 16 (Way 1) 15
L3_ADDR[2] 18 (Way 0) 17 (Way 0) 16
L3_ADDRI[1] 31 31 31
L3_ADDR[0] 32 32 32

1

Entries in parentheses indicate the function of these bits when the L3 is operated in cache mode.
These bits reflect which of the eight ways is being accessed. When operating in private memory
mode, the bits reflect the stated bits of the physical address.

MPC7457-specific; not supported on other devices. Note that because the MPC7457 does not
support 4M of L3 as cache, 4M of SRAM must be configured as either 4M of private memory or
2M of private memory and 2M of cache; see the MPC7450 RISC Microprocessor Family User’s
Manual for more information.

MPC7457-specific; not implemented on other devices.

For MPC7457 only, the value of this bit depends on the size of the SRAM and the private memory
space. For 4M of SRAM configured as 2M of cache and 2M of private memory, this bit will be
driven low (0b0) for cache accesses and high (Ob1) for private memory accesses. For 2M of
SRAM configured as private memory (only), this bit is always driven low (0Ob0).

The value of this bit depends on the size of the SRAM and the private memory space. For 2M of
SRAM configured as 1M of cache and 1M of private memory, this bit is driven low (0b0) for cache
accesses and high (0b1l) for private memory accesses. For 1M of SRAM configured as private
memory (only), this bit is always driven low (0b0).

frequency, correct L30H settings and correct sample point settings.

6

Thereference materials shown in Table 13 may be useful to the reader. Several concepts mentioned in this

References and Revision History

application note are described in detail in these documents.
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Table 13. Reference Documentation

Title Author Order Number
High-Speed Digital Design: A Handbook of Black Magic Howard Johnson and Prentice-Hall
Martin Graham ISBN 0-13-395724-1
PowerPC Backside L2 Timing Analysis for the PCB Design Engineer Bruce Parker AN1794
Setting the Sample Points for the MPC7450 L3 Cache Michael Everman AN2182
Using the L3ITCR Registers of the MPC7450-family L3 Cache Interface Michael Everman AN2580

Table 14 lists the revision history for this application note.

Table 14. Document Revision History Table

Rev. No. Substantive Changes

0 Initial release.

1 Added Sections 2.1.1.1 and 2.1.2.1

Corrected L3 turn-around count description in Section 2.3.

Corrected entries for 4M column in Table 12.
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