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4.3 RapidlO Transmit Clock Input Timing

RESET Initialization

Table 9 provides the RapidlO transmit clock input (RIO_TX_CLK_IN) AC timing specifications for the

MPC8540.

Table 9. RIO_TX_CLK_IN AC Timing Specifications

Parameter/Condition Symbol Min Typical Max Unit Notes
RIO_TX_CLK_IN frequency freLk 125 — — MHz
RIO_TX_CLK_IN cycle time treLk — — 8 ns
RIO_TX_CLK_IN duty cycle tRCLKH/tRCLK 48 — 52 % 1
Notes:

1. Requires £100 ppm long term frequency stability. Timing is guaranteed by design and characterization.
4.4 Real Time Clock Timing
Table 10 provides the real time clock (RTC) AC timing specifications for the MPC8540.
Table 10. RTC AC Timing Specifications
Parameter/Condition Symbol Min Typical Max Unit Notes
RTC clock high time trRTCH 2X — — ns
tcee_cik
RTC clock low time tRTCL 2x — — ns
tce_cik

5 RESET Initialization

This section describes the AC electrical specifications for the RESET initialization timing requirements of

the MPC8540. Table 7 provides the RESET initialization AC timing specifications for the MPC8540.

Table 11. RESET Initialization Timing Specifications

Parameter/Condition Min Max Unit Notes
Required assertion time of HRESET 100 — us
Minimum assertion time for SRESET 512 — SYSCLKs 1
PLL input setup time with stable SYSCLK before 100 — us
HRESET negation
Input setup time for POR configs (other than PLL config) 4 — SYSCLKs 1
with respect to negation of HRESET
Input hold time for POR configs (including PLL config) 2 — SYSCLKs 1
with respect to negation of HRESET
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Table 16. DDR SDRAM Output AC Timing Specifications—DLL Mode (continued)

At recommended operating conditions with GVpp of 2.5 V + 5%.

DDR SDRAM

Parameter

Symbol 1

Min

Max

Unit

Notes

MDQS epilogue end

tbDSHME

15

4.0

ns

7,8

Notes:

1~Thf3 symbols used for timing specifications follow the pattern of trst o letters of functional block)(signal)(state) (reference)(state) for
inputs and t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. Output hold time can be read as DDR

timing (DD) from the rising or falling edge of the reference clock (KH or KL) until the output went invalid (OX or DX). For

example, tppknov Symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes from the high (H)
state until outputs (O) are valid (V) or output valid time. Also, tppk px Symbolizes DDR timing (DD) for the time tyck

memory clock reference (K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

2.All MCK/MCK referenced measurements are made from the crossing of the two signals +0.1 V.

3.Maximum possible clock skew between a clock MCK[n] and its relative inverse clock MCK]n], or between a clock MCK[n]
and a relative clock MCK[m] or MSYNC_OUT. Skew measured between complementary signals at GVpp/2.

4. ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK and MDQ/MECC/MDM/MDQS.

5.Note that tppgymy follows the symbol conventions described in note 1. For example, tppsyvn describes the DDR timing
(DD) from the rising edge of the MSYNC_IN clock (SH) until the MDQS signal is valid (MH). tppsymn €an be modified

through control of the DQSS override bits in the TIMING_CFG_2 register. These controls allow the relationship between

the synchronous clock control timing and the source-synchronous DQS domain to be modified by the user. For best

turnaround times, these may need to be set to delay tppsypmny an additional 0.25ty,ck. This will also affect tppgymp and
topsHme accordingly. See the MPC8540 PowerQUICC Ill Integrated Host Processor Reference Manual for a description

and understanding of the timing modifications enabled by use of these bits.
6.Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), ECC

(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the MPC8540.

7.All outputs are referenced to the rising edge of MSYNC_IN (S) at the pins of the MPC8540. Note that tppgHpp follows the
symbol conventions described in note 1. For example, tppsymp describes the DDR timing (DD) from the rising edge of
the MSYNC_IN clock (SH) for the duration of the MDQS signal precharge period (MP).

8.Guaranteed by design.
9.Guaranteed by characterization.

Figure 5 provides the AC test load for the DDR bus.

Output —€>

Z5=50Q

L

Figure 5. DDR AC Test Load

Table 17. DDR SDRAM Measurement Conditions

>_\/\/\/\_GVDD/2
RL =50Q

Symbol DDR Unit Notes
V1 MVgge £ 0.31V \Y 1
VOUT 05 X GVDD V 2
Notes:

1.Data input threshold measurement point.
2.Data output measurement point.
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7/ DUART

DUART

This section describes the DC and AC electrical specifications for the DUART interface of the MPC8540.

7.1 DUART DC Electrical Characteristics
Table 19 provides the DC electrical characteristics for the DUART interface of the MPC8540.

Table 19. DUART DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage ViH 2 OVpp + 0.3 \Y
Low-level input voltage i -0.3 0.8 \Y
Input current Iin — +5 A
(V|N 1 =0Vor V|N = VDD)
High-level output voltage Vo OVpp—0.2 — \Y
(OVDD = min, lOH =-100 HA)
Low-level output voltage VoL — 0.2 \
(OVDD = min, lOL =100 HA)

Note:

1.Note that the symbol V|, in this case, represents the OV symbol referenced in Table 1

and Table 2.

7.2 DUART AC Electrical Specifications

Table 20 provides the AC timing parameters for the DUART interface of the MPC8540.
Table 20. DUART AC Timing Specifications

Oversample rate

Parameter Value Unit Notes
Minimum baud rate fce_cLk / 1048576 baud 3
Maximum baud rate fcer ck /16 baud 1,3
16 — 2,3

Notes:

1.Actual attainable baud rate will be limited by the latency of interrupt processing.
2.The middle of a start bit is detected as the 8" sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit

values are sampled each 16" sample.
3.Guaranteed by design.
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Ethernet: Three-Speed,10/100, Mll Management

Figure 14 shows the RGMII and RTBI AC timing and multiplexing diagrams.

o S— tRGT

tRGTH —>
GTX_CLK /]
(At Transmitter)

ISKRGT —>| <—
it I ) ) G G T
BEDGE O K K X

—> tskRGT
TX_CLK
(At PHY)

RxDL7-4][3:0] Xexosop@RRaX X X
tSKRGT —>
RX_CTL O X X XX

—> tskrRGT
RX_CLK
(At PHY)

Figure 14. RGMIl and RTBI AC Timing and Multiplexing Diagrams

8.3 10/100 Ethernet Controller (10/100 Mbps)—MII Electrical
Characteristics

The electrical characteristics specified here apply to the M1l (media independent interface) signals except
MDIO (management data input/output) and MDC (management data clock). The MII interface can be
operated at 3.3 or 2.5 V. Whether the Ml interface is operated at 3.3 or 2.5V, the timing is compliant with
the IEEE 802.3 standard. The electrical characteristics for MDIO and MDC are specified in Section 2.1.3,
“Recommended Operating Conditions.”

8.3.1 MIl DC Electrical Characteristics

All MI1 drivers and receivers comply with the DC parametric attributes specified in Table 30. The potential
applied to the input of a MII receiver may exceed the potential of the receiver’s power supply (that is, a
MII driver powered from a 3.6-V supply driving Vg into a Ml receiver powered from a 2.5-V supply).
Tolerance for dissimilar MII driver and receiver supply potentials is implicit in these specifications.
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Ethernet: Three-Speed,10/100, Mll Management

Figure 15 shows the MII transmit AC timing diagram.

< tmTx > tMTXR —>
TX_CLK
tMTXH tvTxF
TXD[3:0]
TX_EN ><
TX_ER
—>| tMTKHDX

Figure 15. MIl Transmit AC Timing Diagram

8.3.2.2 MIl Receive AC Timing Specifications
Table 32 provides the MII receive AC timing specifications.
Table 32. MIl Receive AC Timing Specifications

Parameter/Condition Symbol 1 Min Typ Max Unit
RX_CLK clock period 10 Mbps tVRX — 400 — ns
RX_CLK clock period 100 Mbps tMRX — 40 — ns
RX_CLK duty cycle IMRXHAMRX 35 — 65 %
RXDI[7:0], TX_DV, TX_ER setup time to RX_CLK {MRDVKH 10.0 — — ns
RXD[7:0], TX_DV, TX_ER hold time to RX_CLK tMRDXKH 10.0 — — ns
RX_CLK clock rise and fall time turxr: tvrxe 2| 1.0 — 4.0 ns

Note:
1.The symbols used for timing specifications herein follow the pattern of t st two letters of functional block)(signal)(state)

(reference)(state) fOT INPULS @Nd Yfirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyrpykH
symbolizes MII receive timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to
the tyrx clock reference (K) going to the high (H) state or setup time. Also, tyrpxkn Symbolizes Mll receive timing
(GR) with respect to the time data input signals (D) went invalid (X) relative to the ty;rx clock reference (K) going to
the high (H) state or hold time. Note that, in general, the clock reference symbol representation is based on two to
three letters representing the clock of a particular functional. For example, the subscript of ty,grx represents the Mil
(M) receive (RX) clock. For rise and fall times, the latter convention is used with the appropriate letter: R (rise) or F
(fall).
2.Signal timings are measured at 0.7 VV and 1.9 V voltage levels.

3.Guaranteed by design.
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Local Bus

Table 36. Local Bus General Timing Parameters - DLL Enabled (continued)

Parameter POR Configuration Symbol ! Min Max Unit Notes
Local bus clock to output valid TSEC2_TXD[6:5] =00 | t gkHOV1 — 2.0 ns 4,8
(except LAD/LDP and LALE)
TSEC2_TXD[6:5] = 11 3.5
(default)
Local bus clock to data valid for TSEC2_TXD[6:5] =00 | t gkHOV2 — 2.2 ns 4,8
LAD/LDP
TSEC2_TXD[6:5] = 11 3.7
(default)
Local bus clock to address valid for | TSEC2_TXD[6:5] =00 | t, gkHov3 — 23 ns 4,8
LAD
TSEC2_TXD[6:5] = 11 3.8
(default)
Local bus clock to LALE assertion t BKHOV4 — 2.3 ns 4,8
Output hold from local bus clock TSEC2_TXD[6:5] =00 | t gkHOX1 0.7 — ns 4,8
(except LAD/LDP and LALE)
TSEC2_TXD[6:5] = 11 1.6
(default)
Output hold from local bus clock for | TSEC2_TXD[6:5] =00 | t, gkHOX2 0.7 — ns 4,8
LAD/LDP
TSEC2_TXD[6:5] = 11 1.6
(default)
Local bus clock to output high TSEC2_TXDI[6:5] =00 | t gkHOZ1 — 25 ns 7,9
Impedance (except LAD/LDP and
TSEC2_TXD[6:5] = 11 3.8
LALE)
(default)
Local bus clock to output high TSEC2_TXD[6:5] =00 | t gkHOZ2 — 25 ns 7,9
impedance for LAD/LDP
TSEC2_TXD[6:5] = 11 3.8
(default)

Notes:
1.The symbols used for timing specifications herein follow the pattern of trirst two letters of functional block)(signal)(state)

(reference)(state) for inputs and tFirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example,
t BIxkH1 Symbolizes local bus timing (LB) for the input (1) to go invalid (X) with respect to the time the t, g clock

reference (K) goes high (H), in this case for clock one(1). Also, t, gknox Symbolizes local bus timing (LB) for the t gk
clock reference (K) to go high (H), with respect to the output (O) going invalid (X) or output hold time.

2.All timings are in reference to LSYNC_IN for DLL enabled mode.

3.Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between
complementary signals at OVpp/2.

4.All signals are measured from OVpp/2 of the rising edge of LSYNC_IN for DLL enabled to 0.4 x OVpp, of the signal in
question for 3.3-V signaling levels.

5.Input timings are measured at the pin.

6.The value of t| gotoT is defined as the sum of 1/2 or 1 ccb_clk cycle as programmed by LBCR[AHD], and the number
of local bus buffer delays used as programmed at power-on reset with configuration pins TSEC2_TXD[6:5].

7. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current
delivered through the component pin is less than or equal to the leakage current specification.

8.Guaranteed by characterization.
9.Guaranteed by design.
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Local Bus

Figure 19 through Figure 24 show the local bus signals.
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Figure 19. Local Bus Signals, Nonspecial Sighals Only (DLL Enabled)
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Local Bus

LSYNC_IN
| | | | |
| | | | |
| | | | |
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Figure 21. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 2 (DLL Enabled)
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12C

Figure 29 provides the test access port timing diagram.

JTAG \
External Clock K VM N M
LITIVKH —>
. <— t3TIXKH
Input
TDI, TMS — >< Data Valid >< /
< tTKLOV
tyTkLOX —> <—
TDO Output Data Valid

—> trkLoz ’<7
TDO Output Data Valid > | N

VM = Midpoint Voltage (OVpp/2)

Figure 29. Test Access Port Timing Diagram

11 12C

This section describes the DC and AC electrical characteristics for the 12C interface of the MPC8540.

11.1 1°C DC Electrical Characteristics

Table 39 provides the DC electrical characteristics for the 1°C interface of the MPC8540.
Table 39. I12C DC Electrical Characteristics

At recommended operating conditions with OVpp of 3.3 V + 5%.

Parameter Symbol Min Max Unit Notes
Input high voltage level V4 0.7 x OVpp OVppt 0.3 \
Input low voltage level Vi -0.3 0.3 x OVpp \
Low level output voltage VoL 0 0.2 x OVpp \Y 1
Pulse width of spikes which must be suppressed ti2KHKL 0 50 ns 2
by the input filter
Input current each 1/O pin (input voltage is I -10 10 pA 3
between 0.1 x OVpp and 0.9 x OVpp(max)
Capacitance for each I/O pin C — 10 pF
Notes:

1.0Output voltage (open drain or open collector) condition = 3 mA sink current.
2.Refer to the MPC8540 Integrated Processor Preliminary Reference Manual for information on the digital filter used.
3.1/0 pins will obstruct the SDA and SCL lines if OVpp is switched off.
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11.2 I°C AC Electrical Specifications

Table 40 provides the AC timing parameters for the 12C interface of the MPC8540.

Table 40. I12C AC Electrical Specifications

All values refer to V, (min) and V| _(max) levels (see Table 39).

(including hysteresis)

Parameter Symbol * Min Max Unit
SCL clock frequency fioc 0 400 kHz
Low period of the SCL clock ticr © 1.3 — us
High period of the SCL clock tiocn © 0.6 — us
Setup time for a repeated START condition tiosviy © 0.6 — us
Hold time (repeated) START condition (after this period, the tiosxKL ° 0.6 — us
first clock pulse is generated)
Data setup time tiooviy 100 — ns
Data hold time: t|2DXKL us

CBUS compatible masters - s
I°C bus devices 0 0.9

Set-up time for STOP condition tiopVKH 0.6 — us
Bus free time between a STOP and START condition ti2KHDX 13 — us
Noise margin at the LOW level for each connected device VL 0.1 x OVpp — \Y
(including hysteresis)
Noise margin at the HIGH level for each connected device VNH 0.2 x OVpp — \

Notes:

1.The symbols used for timing specifications herein follow the pattern of tfist two letters of functional block)(signal)(state)
(reference)(statg) for ir?pUts and_t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For exa_mple, ti2DVKH
C timing (12) with respect to the time data input signals (D) reach the valid state (V) relative to the t,c
clock reference (K) going to the high (H) state or setup time. Also, t,gxk. symbolizes 1’c timing (12) for the time that
the data with respect to the start condition (S) went invalid (X) relative to the t)o¢ clock reference (K) going to the low

symbolizes |

(L) state or hold time. Also, tjopykH Symbolizes 12C timing (12) for the time that the data with respect to the stop

condition (P) reaching the valid state (V) relative to the t;,¢ clock reference (K) going to the high (H) state or setup
time. For rise and fall times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

2.MPC8540 provides a hold time of at least 300 ns for the SDA signal (referred to the V|5, Of the SCL signal) to bridge

the undefined region of the falling edge of SCL.

3.The maximum tj,pyky has only to be met if the device does not stretch the LOW period (t;,c ) of the SCL signal.

4.Cg = capacitance of one bus line in pF.
6.Guaranteed by design.

Figure 18 provides the AC test load for the 1°C.

Output —€> Zo=500

Figure 30. I°C AC Test Load
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Table 47. RapidlO Driver AC Timing Specifications—500 Mbps Data Rate (continued)

RapidlO

Range
Characteristic Symbol Unit Notes
Min Max
Duty cycle DC 48 52 % 2,6
Vop rise time, 20%—-80% of peak-to-peak teaLL 200 — ps 3,6
differential signal swing
Vop fall time, 20%—-80% of peak-to-peak tRISE 200 — ps 6
differential signal swing
Data valid DV 1260 — ps
Skew of any two data outputs {bpAIR — 180 ps 4,6
Skew of single data outputs to associated clock tskew PAIR -180 180 ps 5,6
Notes:
1.See Figure 38.
2.Requires +100 ppm long term frequency stability.
3.Measured at Vop = 0 V.
4.Measured using the RapidlO transmit mask shown in Figure 38.
5.See Figure 43.
6.Guaranteed by design.
Table 48. RapidIO Driver AC Timing Specifications—750 Mbps Data Rate
Range
Characteristic Symbol Unit Notes
Min Max
Differential output high voltage Vonp 200 540 mvV 1
Differential output low voltage VoLb -540 -200 mvV 1
Duty cycle DC 48 52 % 2,6
Vop rise time, 20%—80% of peak-to-peak teaLL 133 — ps 3,6
differential signal swing
Vop fall time, 20%—-80% of peak-to-peak trISE 133 — ps 6
differential signal swing
Data valid DV 800 — ps 6
Skew of any two data outputs {DpAIR — 133 ps 4,6
Skew of single data outputs to associated clock tskew,PAIR -133 133 ps 5,6

Notes:
1.See Figure 38.

2.Requires +100 ppm long term frequency stability.

3.Measured at Vop = 0 V.

4.Measured using the RapidlO transmit mask shown in Figure 38.

5.See Figure 43.
6.Guaranteed by design.
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RapidlO

Table 52. RapidIO Receiver AC Timing Specifications—1 Gbps Data Rate

Range
Characteristic Symbol Unit Notes
Min Max

Duty cycle of the clock input DC 47 53 % 1,5
Data valid DV 425 — ps 2
Allowable static skew between any two data inputs {bpaAIR — 300 ps 3
within a 8-/9-bit group

Allowable static skew of data inputs to associated clock tskeEw,PAIR —200 200 ps 4

Notes:

1.Measured atVip=0V.

2.Measured using the RapidlO receive mask shown in Figure 40.
3.See Figure 43.

4.See Figure 42 and Figure 43.

5.Guaranteed by design.

The compliance of receiver input signals RD[0:15] and RFRAME with their minimum data valid window
(DV) specification shall be determined by generating an eye pattern for each of the data signals and
comparing the eye pattern of each data signal with the RapidlO receive mask shown in Figure 40. The
value of X2 used to construct the mask shall be (1 — DV ,i,)/2. The £100 mV minimum data valid and
+600 mV maximum input voltage values are from the DC specification. A signal is compliant with the data
valid window specification if and only if the receive mask can be positioned on the signal’s eye pattern
such that the eye pattern falls entirely within the unshaded portion of the mask.

600
1M t---------—
—~ | |
> I I
£ Ob------ I [ N
o) I I
> I I
—100 f-------=- : A T
3 DV >
—600 : :
I I
0 X2 1-X2 1
Time (Ul)

Figure 40. RapidlO Receive Mask

The eye pattern for a data signal is generated by making a large number of recordings of the signal and
then overlaying the recordings. The number of recordings used to generate the eye shall be large enough
that further increasing the number of recordings used does not cause the resulting eye pattern to change
from one that complies with the RapidlO receive mask to one that does not. Each data signal in the
interface shall be carrying random or pseudo-random data when the recordings are made. If
pseudo-random data is used, the length of the pseudo-random sequence (repeat length) shall be long
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Package and Pin Listings

Table 53. MPC8540 Pinout Listing (continued)

Signal Package Pin Number Pin Type SPSF\;Vpell; Notes
LCS6/DMA_DACK2 P27 o} OVpp 1
LCS7/DMA_DDONE2 P28 o} OVpp 1
LDP[0:3] AA27, AA28, T26, P21 110 OVpp
LGPLO/LSDA10 u19 o} OVpp | 5,9
LGPL1/LSDWE u22 o} OVpp | 5,9
LGPL2/LOE/LSDRAS V28 o} OVpp | 8,9
LGPL3/LSDCAS V27 o} OVpp | 5,9
LGPL4/LGTA/LUPWAIT/ V23 110 OVpp 22
LPBSE
LGPL5 V22 o} OVpp | 5,9
LSYNC_IN T27 [ OVpp
LSYNC_OUT T28 o} OVpp
LWE[0:1)/LSDDQMI[0:1)/LBS | AB28, AB27 o] OVpp | 1,5,9
[0:1]

LWE[2:3])/LSDDQM[2:3]/LBS | T23, P24 0 OVpp | 1,5,9
[2:3]
DMA
DMA_DREQJ[0:1] H5, G4 [ OVpp
DMA_DACK[0:1] H6, G5 o} OVpp
DMA_DDONE[0:1] H7, G6 o} OVpp
DUART
UART_SIN[0:1] AE2, AD5 [ OVpp
UART_SOUT[0:1] AE3, AD2 o} OVpp
UART_CTS[0:1] U9, U7 I OVpp
UART_RTSJ[0:1] AD6, AD1 o] OVpp
Programmable Interrupt Controller
MCP AG17 [ OVpp
UDE AG16 [ OVpp
IRQI[0:7] AA18, Y18, AB18, AG24, AA21, Y19, AA19, AG25 | OVpp
IRQ8 AB20 | OVpp 9
IRQ9/DMA_DREQ3 Y20 I OVpp 1
IRQ10/DMA_DACK3 AF26 110 OVpp 1
IRQ11/DMA_DDONE3 AH24 /o] OVpp 1
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Thermagon Inc. 888-246-9050
4707 Detroit Ave.

Cleveland, OH 44102

Internet: www.thermagon.com

16.2.4 Heat Sink Selection Examples

The following section provides a heat sink selection example using one of the commercially available heat
sinks.

16.2.4.1 Case 1l
For preliminary heat sink sizing, the die-junction temperature can be expressed as follows:
Ty=T+ T+ (65c + BNt *+ Os4) X Pp

where

T; is the die-junction temperature

T, is the inlet cabinet ambient temperature

Tg is the air temperature rise within the computer cabinet

0;¢ is the junction-to-case thermal resistance

O,nT IS the adhesive or interface material thermal resistance

Ogp is the heat sink base-to-ambient thermal resistance

Pp is the power dissipated by the device
During operation the die-junction temperatures (T ;) should be maintained within the range specified in
Table 2. The temperature of air cooling the component greatly depends on the ambient inlet air temperature
and the air temperature rise within the electronic cabinet. An electronic cabinet inlet-air temperature (Tp)
may range from 30° to 40°C. The air temperature rise within a cabinet (Tg) may be in the range of 5° to
10°C. The thermal resistance of some thermal interface material (6;51) may be about 1°C/W. Assuming a

T,0f30 C,aTrof5 C,aFC-PBGA package 0;c = 0.8, and a power consumption (Pp) of 7.0 W, the
following expression for T; is obtained:

Die-junction temperature: T;=30°C + 5°C + (0.8°C/W + 1.0°C/W + Bgp) x 7.0 W

The heat sink-to-ambient thermal resistance (6g,) versus airflow velocity for a Thermalloy heat sink
#2328B is shown in Figure 49.

Assuming an air velocity of 2 m/s, we have an effective 65, of about 3.3 C/W, thus
T;=30 C+5 C+(0.8 C/W+1.0 C/W+3.3 C/W)x7.0W,

resulting in a die-junction temperature of approximately 71 C which is well within the maximum
operating temperature of the component.
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Figure 49. Thermalloy #2328B Heat Sink-to-Ambient Thermal Resistance Versus Airflow Velocity

16.2.4.2 Case 2

Every system application has different conditions that the thermal management solution must solve. As an
alternate example, assume that the air reaching the component is 85 C with an approach velocity of 1
m/sec. For a maximum junction temperature of 105 C at 7 W, the total thermal resistance of junction to
case thermal resistance plus thermal interface material plus heat sink thermal resistance must be less than
2.8 C/W. The value of the junction to case thermal resistance in Table 59 includes the thermal interface
resistance of a thin layer of thermal grease as documented in footnote 4 of the table. Assuming that the
heat sink is flat enough to allow a thin layer of grease or phase change material, then the heat sink must be
lessthan 2 C/W.

Millennium Electronics (MEI) has tooled a heat sink MTHERM-1051 for this requirement assuming a
compactPCI environment at 1 m/sec and a heat sink height of 12 mm. The MEI solution is illustrated in
Figure 50 and Figure 51. This design has several significant advantages:

» The heat sink is clipped to a plastic frame attached to the application board with screws or plastic
inserts at the corners away from the primary signal routing areas.

* The heat sink clip is designed to apply the force holding the heat sink in place directly above the
die at a maximum force of less than 10 Ibs.

» For applications with significant vibration requirements, silicone damping material can be applied
between the heat sink and plastic frame.
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Item Mo oY MEI PN Description
1 1 MFRAME-2000 | HEATSINK FRAME
2 1 MSMK 1120 EXTRUDED HEATSINK
3 1 MCLIP-1013 CLIP
4 4 MPPIMS-1000 FRAME ATTACHMENT PINS

Nustrative source provided by
Millennium Electranics {(MEI)

Figure 51. Exploded Views (2) of a Heat Sink Attachment using a Plastic Fence

The die junction-to-ambient and the heat sink-to-ambient thermal resistances are common figure-of-merits
used for comparing the thermal performance of various microelectronic packaging technologies, one
should exercise caution when only using this metric in determining thermal management because no single
parameter can adequately describe three-dimensional heat flow. The final die-junction operating
temperature is not only a function of the component-level thermal resistance, but the system level design
and its operating conditions. In addition to the component’s power consumption, a number of factors affect
the final operating die-junction temperature: airflow, board population (local heat flux of adjacent
components), system air temperature rise, altitude, etc.

Due to the complexity and the many variations of system-level boundary conditions for today’s
microelectronic equipment, the combined effects of the heat transfer mechanisms (radiation convection
and conduction) may vary widely. For these reasons, we recommend using conjugate heat transfer models
for the boards, as well as, system-level designs.
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Table 61. Document Revision History (continued)

Rev. No. Substantive Change(s)

3.2 Updated Table 1 and Table 2 with 1.0 GHz device parameter requirements.

Added Section 2.1.2, “Power Sequencing”.

Updated Table 4 with Maximum power data.

Updated Table 4 and Table 5 with 1 GHz speed grade information.

Updated Table 6 with corrected typical I/O power numbers.

Updated Table 7 Note 2 lower voltage measurement point.

Replaced Table 7 Note 5 with spread spectrum clocking guidelines.

Added to Table 8 rise and fall time information.

Added Section 4.4, “Real Time Clock Timing”.

Added precharge information to Section 6.2.2, “DDR SDRAM Output AC Timing Specifications”.
Updated Table 20 minimum and maximum baud rates.

Removed V,_and V4 references from Table 23, Table 24, Table 25, and Table 26.

Added reference level note to Table 23, Table 24, Table 25, Table 26, Table 27, Table 28, and Table 29.
Updated TXD references to TCG in Section 8.2.3.1, “TBI Transmit AC Timing Specifications”.
Updated PMA_RX_CLK references to RX_CLK in Section 8.2.3.2, “TBI Receive AC Timing Specifications”.
Updated trrkppx value in Table 27.

Updated RXD references to RCG in Section 8.2.3.2, “TBI Receive AC Timing Specifications”.
Updated Table 29 Note 2.

Removed V,_and V, references from Table 31, and Table 32.

Added reference level note to Table 31, and Table 32.

Corrected Figure 15 and Figure 16.

Corrected Table 34 fypc and typc to reflect the correct minimum operating frequency.
Updated Table 34 ty,pknpyv and typkrpx values for clarification.

Added t; gk and updated Note 2 in Table 37.

Corrected LGTA timing references in Figure 19.

Updated Figure 20, Figure 22, and Figure 24.

Updated Figure 44.

Clarified Table 53 Note 5.

Updated Table 54 and Table 55 with 1 GHz information.

Added heat sink removal discussion to Section 16.2.3, “Thermal Interface Materials”.
Corrected and added 1 GHz part number to Table 62.

3.1 Updated Table 4 and Table 5.

Added Table 6.

Added MCK duty cycle to Table 16.

Updated fy pc, tvpe tmokHpy: @nd typkrpx Parameters in Table 34.

Added LALE to t, gkHoyz Parameter in Table 36 and Table 37, and updated Figure 19 and Figure 20.
Corrected active level designations of some of the pins in Table 53.

Updated Table 62.
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Table 61. Document Revision History (continued)

Rev. No.

Substantive Change(s)

20

Section 1.1—Updated features list to coincide with latest version of the reference manual
Table 1 and Table 2—Addition of SYSCLK to OV

Table 2—Addition of notes 1 and 2

Table 3—Addition of note 1

Table 5—New

Section 4—New

Table 13—Addition of lyrgg

Removed Figure 4 DDR SRAM Input TIming Diagram

Table 15—Modified maximum values for tp;skew

Table 16—Added MSYNC_OUT to tMCKSKEW?2

Figure 5—New

Section 6.2.1—Removed Figure 4, “DDR SDRAM Input Timing Diagram”
Section 8.1—Removed references to 2.5 V from first paragraph

Figure 8—New

Table 21 and Table 22—Modified “conditions” for Iy and I |

Table 23—Addition of min and max for GTX_CLK125 reference clock duty cycle
Table 27 —Addition of min and max for GTX_CLK125 reference clock duty cycle
Table 29—Addition of min and max for GTX_CLK125 reference clock duty cycle
Table 30—VOH min and conditions; |,y and I, conditions

Table 31—Min and max for ty;rxr and tyrxe

Table 32—Min and max for tyrxg and tyrxe

Figure 23 and Figure 24—Changed LSYNC_IN to Internal clock at top of each figure
Figure 18—New

Figure 18—New

Table 36—Removed row for tLBKHOX3

Table 43—New (AC timing of PCI-X at 66 MHz)

Table 53—Addition of note 19

Figure 55—Addition of jumper and note at top of diagram

Table 55: Changed max bus freq for 667 core to 166

Section 16.2.1—Modified first paragraph

Figure 46—Modified

Figure 47—New

Table 59—Modified thermal resistance data

Section 16.2.4.2—Modified first and second paragraphs
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Table 61. Document Revision History (continued)

Rev. No.

Substantive Change(s)

1.2

Section 1.1.1—Updated feature list.

Section 1.2.1.1—Updated notes for Table 1.

Section 1.2.1.2—Removed 5-V PCI interface overshoot and undershoot figure.

Section 1.2.1.3—Added this section to summarize impedance driver settings for various interfaces.

Section 1.4—Updated rows in Reset Initialization timing specifications table. Added a table with DLL and PLL
timing specifications.

Section 1.5.2.2—Updated note 6 of DDR SDRAM Output AC Timing Specifications table.

Section 1.7—Changed the minimum input low current from -600 to -15 pA for the RGMII DC electrical
characteristics.

Section 1.8.2—Changed LCS[3:4] to TSEC1_TXD[6:5] in. Updated notes regarding LCS[3:4].
Section 1.13.2—Updated the mechanical dimensions diagram for the package.

Section 1.13.3—Updated the notes for LBCTL, TRIG_OUT, and ASLEEP. Corrected pin assignments for
IIC_SDA and IIC_SCL. Corrected reserved pin assignment of V11 to U11. V11 is actually PCI_STOP.

Section 1.14.1—Updated the table for frequency options with respect to platform/CCB frequencies.
Section 1.14.4—Edited Frequency options with respect to memory bus speeds.

11

Section 1.6.1—Added symbols and note for the GTX_CLK125 timing parameters.

Section 1.11.3—Updated pin list table: LGPL5/LSDAMUX to LGPL5, LA[27:29] and LA[30:31] to LA[27:31],
FEC_TXDJ[0:3] to FEC_TXDI[3:0], FEC_RXD][0:3] to FEC_RXD[3:0], TRST to TRST, added GBE Clocking
section and EC_GTX_CLK125 signal.

Updated thermal model information to match current offering.

Original Customer Version.
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