PRELIMINARY DATA SHEET

NEC /

MOS INTEGRATED CIRCUIT

4PD720200

USB 3.0 HOST CONTROLLER

The pPD720200 is the Universal Serial Bus 3.0 host controller, which complies with Universal Serial Bus 3.0

Specification, and Intel’s eXtensible Host Controller Interface (xHCI).

The ¢PD720200 has PCI Express® bus interface, and it is applicable for PCI Express solution for host PC system.
The xPD720200 works up to 5 Gbps for data transfer when connecting to USB 3.0 compliant peripherals, while
maintaining compatibility with existing USB peripheral devices.

Detailed function descriptions are provided in the following user's manual. Be sure to read the manual before designing.
uPD720200 User’s Manual : TBD

FEATURES

e Compliant with Universal Serial Bus 3.0 specification e

Revision 1.0, which is
Implementers Forum, Inc
- Supports the following speed data
follows;
Low-speed (1.5 Mbps) / Full-speed (12 Mbps) /
High-speed (480 Mbps) / Super-speed (5 Gbps)
- Supports 2 downstream ports for all speeds
- Supports all USB compliant data transfer type as
follows; Control / Bulk / Interrupt / Isochronous
transfer
e Compliant with Intel's eXtensible Host Controller
Interface (xHCI) Specification revision 0.95
e Support USB legacy function

released by USB

rate as

ORDERING INFORMATION

Compliant with PCI Express® Base Specification 2.0
Supports ExpressCardTM Standard Releasel.0
Supports PCl Express® Card Electromechanical
Specification Revision 2.0

Supports PCI Bus Power Management Interface
Specification revision 1.2

Operational registers are direct-mapped to PCI
memory space

Supports Serial Peripheral Interface (SPI) type ROM
System clock: 24 MHz crystal or 48MHz external
clock.

3.3V and 1.05 V power supply

Part Number

Package

Remark

#PD720200F1-DAK-A

176-pin plastic FBGA (10 x 10) Lead

-free product
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: complies with PCI Express Gen2 interface, with 1 lane. This block includes link and

PHY layer.

: handles all supped required for USB 3.0, super-/high-/full-/low-speed. This block

includes register interface from system.

: handles super-speed operation in XHCI control block.

: handles high-speed operation in xHCI control block.

: handles full-/low-speed operation in xHCI control block.

:is link layer defined in USB 3.0 specification, which maintains Link connectivity with

USB devices.

. is a hub function in host controller for USB 3.0 port managing.

: for super-speed TX/Rx
. is Serial Interface Engine, which controls USB 2.0 protocol sequence.
. is a hub function in host controller for USB 2.0 port managing.

: for high-/full-/low-speed TxX/Rx

: is connected to external power switch for port power control and over current detection.
. is connected to external serial ROM.

. Internal PLL.

. Internal oscillator block.
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PIN CONFIGURATION

e 176-pin plastic FBGA (10 x 10)
#PD720200F1-DAK-A

Bottom View
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VDD33 VDD33 GND GND GND GND GND GND GND VDD33 PERXP PERXN | F
0OCI2B GND GND GND GND GND GND GND VDD33 VDD33 GND GND G
PPON2 ocl1B GND VDD10 GND GND GND GND VDD10 VDD10 PERSTB SMB H
PPONT1 GND GND GND GND GND GND GND GND GND AUXDET PSEL J
GND GND VDD10 VDD10 GND GND PECREQB | PEWAKEB | K

VDD33 VDD33 GND GND VDD33 VDD33 VvDD10 GND GND VvDD10 GND GND GND GND L

XT2 GND GND GND GND GND GND GND GND GND GND GND SPISCK SPisO | M

XT GND U2AVSS | U2PVSS | U2DM1 GND U2DM2 GND VDD33 VDD33 VDD33 GND SPICSB SPISI N

GND  |U2AVDD33| RREF GND U2DP1 GND U2DP2 GND CSEL | PONRSTB GND VDD33 GND GND P
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1. PIN FUNCTIONS

This section describes each pin functions.

Power supply

Pin Name Ball No. Buffer Type

Function

Vo33 D10, F3, F13, F14, G3, G4, L9, L10, L13, Power
L14, N4, N5, N6, P3

+3.3 V power supply

Al4, B3, B4, B5, B7, B9, B11, B13, B14,
C1, C2, C3, C10, C11, C12, C13, C14,
D3, D4, D11, D12, D13, D14, E1, E2, E13,
E14, F4, F6, F7, F8, F9, F11, F12, G1, G2,
G6, G7, G8, G9, G11, G12, G13, H6, H7,
H8, H9, H12, J3, J4, J6, J7, J8, J9, J11,
J12,J13, K3, K4, K13, K14, L1, L2, L3, L4,
L6, L7, L11, L12, M3, M4, M5, M6, M7,
M8, M9, M10, M11, M12, M13, N3, N7,
N9, N13, P1, P2, P4, P7, P9, P11, P14

Vop1o C4, C5, C6, C7, C8, C9, D5, D8, D9, E3, Power +1.05 V power supply.

E4, E11, E12, H3, H4, H11, K11, K12, L5,

L8
U3AVop33 D7 Power +3.3 V power supply for analog circuit.
U2AVDp33 P13 Power +3.3 V power supply for analog circuit.
Vss Al, A2, A3, A4, A5, A7, A9, All, Al3, Power Ground.

U3AVss D6 Power Ground for USB3.0 analog circuit.
U2AVss N12 Power Ground for USB2.0 analog circuit
U2PVss N11 Power Ground for internal PLL.

The mark¥ shows major revised points.

Analog Signal
Pin Name Ball No. Direction |Buffer Type| Active Level Function
RREF P12 — Analog — Reference resistor connection.
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System clock

Pin Name Ball No. Direction |Buffer Type| Active Level Function

XT1 N14 | OoSsC — Oscillator in

During 24 MHz crystal mode, connect to 24 MHz crystal.
In using external 48 MHz clock, this pin must be clamped
to low.

XT2 M14 /10 OsC — Oscillator out or external clock input

During 24 MHz crystal mode, connect to 24 MHz crystal.
In using external 48 MHz clock, this pin is used for
external 48 MHz clock input signal..

CSEL P6 I 3.3V Input - Clock select signal
0: 24 MHz crystal mode

1: 48 MHz external clock input

System Interface signal

Pin Name Ball No. Direction | Buffer Type| Active Level Function
PONRSTB P5 | 3.3V Low Power on reset signal. When supporting wakeup from
Schmitt D3cold, this signal should be pulled high with system
Input auxiliary power supply.
SMIB H1 O 3.3V Low System management Interrupt signal “SMI#”".
Output
(6mA)
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PCI express Interface

Pin Name Ball No. Direction | Buffer Type| Active Level Function
PECLKP B2 | PCIE — PCI Express / USB3.0 100 MHz Reference Clock.
PECLKN B1 | PCIE — PCI Express / USB3.0 100 MHz Reference Clock.
PETXP D2 (0] PCIE — PCI Express Transmit Data.
PETXN D1 (0] PCIE — PCI Express Transmit Data.
PERXP F2 | PCIE — PCI Express Receive Data.
PERXN F1 | PCIE — PCI Express Receive Data.
PERSTB H2 [ 3.3v Low
Schmitt PCI Express “PERST#” signal.
Input

PEWAKEB K1 (0] Open Low PCl Express “WAKE#" signal. This signal is used for
Drain remote wakeup mechanism, and requests the recovery
(6mA) of power and reference clock input.

PECREQB K2 (0] Open Low PCI Express “CLKREQ#” signal. This signal is used to
Drain request run/stop of reference clock for ExpressCard or
(6mA) Mini Card.

AUXDET J2 I 3.3V Input High Auxiliary Power detect signal. This signal should be
connected to auxiliary power line, when system supports
remote wakeup from D3cold.

PSEL Jl | 3.3V Input - PCI Express/ExpressCard select signal.

1: Others
0: ExpressCard or Mini card

USB Interface

Pin Name Ball No. Direction |Buffer Type| Active Level Function
U3TXDP (2:1) B6, B10 (0] USB3 — USB3.0 Transmit data D+ signal for super-speed
U3TXDN (2:1) | A6, A10 (@) USB3 — USB3.0 Transmit data D- signal for super-speed
U3RXDP (2:1) | B8, B12 I USB3 — USB3.0 Receive data D+ signal for super-speed
U3RXDN (2:1) | A8, Al2 I USB3 — USB3.0 Receive data D- signal for super-speed
U2DP (2:1) P8, P10 /0 UsB2 — USB2.0 D+ signal for high-/full-/low-speed
U2DM (2:1) N8, N10 110 USB2 — USBZ2.0 D- signal for high-/full-/low-speed
OCI1B H13 I 3.3V Input Low Over-current status input signal for each downstream
facing port.
Oci2B Gl4 0: Over-current condition is detected
1: No over-current condition is detected.
PPON (2:1) H14, J14 O 3.3V Output High USB port power supply control signal for each
(6mA) downstream facing ports.
0: Power supply OFF
1: Power supply ON
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SPI Interface

Pin Name Ball No. Direction |Buffer Type| Active Level Function

SPISCK M2 O 3.3V — SPI serial flash ROM clock signal.
Output
(6mA)

SPICSB N2 (@) 3.3V — SPI serial flash ROM chip select signal.
Output
(6mA)

SPISI N1 O 3.3v — SPI serial flash ROM data write signal.
Output
(6mA)

SPISO M1 | 3.3V Input SPI serial flash ROM data read signal.
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2. ELECTRICAL SPECIFICATIONS

Buffer List

3.3 V input buffer
CSEL, AUXDET, OCI1B, OCI2B, PSEL
3.3 V input schmitt buffer
PONRSTB, PERSTB
3.3V loL = 6mA output buffer
SMIB, PPON(2:1)
3.3V loL = 6mA bi-directional buffer
SPISO, SPISI, SPISCK, SPICSB
N-ch open drain buffer
PEWAKEB, PECREQB
3.3 V oscillator interface
XT1, XT2
USB Classic interface
U2DP(2:1), U2DN(2:1), RREF
PCI Express Serdes
PECLKP, PECLKN, PETXP, PETXN, PERXP, PERXN
USB Superspeed interface
U3TXDP(2:1), USTXDN(2:1), U3RXDP(2:1), U3RXDN(2:1)
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Terminology

Terms Used in Absolute Maximum Ratings

Parameter

Symbol

Meaning

Power supply voltage

Vop33, Vop1o,

Indicates the voltage range within which damage or reduced reliability will not

U2AVbpss, result when power is applied to a Voo pin.
U3AVops3
Input voltage Vi Indicates voltage range within which damage or reduced reliability will not result
when power is applied to an input pin.
Output voltage Vo Indicates voltage range within which damage or reduced reliability will not result
when power is applied to an output pin.
Output current lo Indicates absolute tolerance values for DC current to prevent damage or
reduced reliability when current flows out of or into output pin.
Operating temperature Ta Indicates the ambient temperature range for normal logic operations.
Storage temperature Tstg Indicates the element temperature range within which damage or reduced

reliability will not result while no voltage or current is applied to the device.

Terms Used in Recommended Operating Range

Parameter Symbol Meaning
Power supply voltage Vb33, Vobio, Indicates the voltage range for normal logic operations occur when Vss =0 V.
U2AVDppas,
U3AVopss3
High-level input voltage ViH Indicates the voltage, which is applied to the input pins of the device, is the
voltage indicates that the high level states for normal operation of the input
buffer.
* If a voltage that is equal to or greater than the “Min.” value is applied, the input
voltage is guaranteed as high level voltage.
Low-level input voltage ViL Indicates the voltage, which is applied to the input pins of the device, is the

voltage indicates that the low level states for normal operation of the input
buffer.

* If a voltage that is equal to or lesser than the “Max.” value is applied, the input
voltage is guaranteed as low level voltage.

Term Used in DC Characteristics

Parameter

Symbol

Meaning

Off-state output leakage current

loz

Indicates the current that flows from the power supply pins when the rated
power supply voltage is applied when a 3-state output has high impedance.

Input leakage current

Indicates the current that flows when the input voltage is supplied to the input
pin.
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Electrical Specifications

Absolute Maximum Ratings

Parameter Symbol Condition Rating Units

Power supply voltage VD33, -0.5~+4.6 \%

U2AVopss3

U3AVops33

Vop1o -05~+1.4 \%
Input voltage, 3.3 V buffer Vi Vi< Vppas + 0.5V -0.5~+4.6 \Y
Output voltage, 3.3 V buffer Vo Vo <Vpp33z + 0.5V -05~+4.6 \Y
Output current lo 15 mA
Storage temperature Tstg -65~+125 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameters. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded. The ratings and conditions indicated
for DC characteristics and AC characteristics represent the quality assurance range during normal

operation.

Recommended Operating Ranges

Parameter Symbol Condition Min. Typ. Max. Units
Operating voltage Vb33, 3.0 3.3 3.6 \%
U2AVopss3
U3AVops33
Vbpio 0.9975 1.05 1.1025
High-level input voltage ViH 2.0 Vpps3+0.3
Low-level input voltage Vi -0.3 0.8
Operating ambient temperature Ta 0 +85 °C
DC Characteristics (Vppss = 3.3V = 10% Vppio = 1.05V £ 5% Ta = -0 to +85°C)
Parameter Symbol Condition Min. Max. Units
Off-state output current loz Vi = Vob or Vss +10 LA
Input leakage current I Vi = Vob or Vss +10 LA
Low-level output voltage VoL loL = 6mA 0.4 \%
High-level output voltage VoH lon = —-6mA 24 \%
Pin capacitance
Parameter Symbol Condition Min. Max. Units
SPI Interface Pin capacitance Cspi 5 pF

10
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AC Characteristics (Vo33 = 3.3V + 10% Vopio = 1.05V = 5% Ta = —0 to +85°C)

System clock (XT1/XT2) ratings

Parameter Symbol Condition Min. Typ. Max. Units
Clock frequency Feix Crystal -100 24 +100 MHz
ppm ppm
Oscillator block -100 48 +100 MHz
ppm ppm
Clock duty cycle Toury 40 50 60 %

Remarks 1. Required accuracy of crystal or oscillator block is including initial frequency accuracy, the spread of
Crystal capacitor loading, supply voltage, temperature and aging, etc.

Power on Reset (PONRSTB) Timings

Parameter Symbol Condition Min. Max. Units

Power on reset time TrONRST Figure 2-1 1 ms

Remarks 1. There is no order to power-on of Vppas, U2AVppa3, U3AVpps3 and Vppio.
2. All power sources should be stable within 100ms from the fastest rising edge of power sources.
3. PONRSTB shall be de-asserted after all power sources and the system clock become stable.

PCI Express Interface - Reference Clock (PECLKP and PECLKN) Timings

Parameter Symbol Condition Min. Max. Units
Rising Edge Rate Trise Figure 2-5 0.6 4.0 V/ns
Falling Edge Rate TraLL Figure 2-5 0.6 4.0 V/ns
Differential Input High Voltage ViH Figure 2-8 +150 mV
Differential Input Low Voltage ViL Figure 2-8 -150 mV
Absolute crossing point voltage Vcross Figure 2-3 +250 +550 mV
Variation of Vcross over all rising clock edge V/cROSS DELTA Figure 2-4 +140 mV
Ring-back Voltage Margin VRrB Figure 2-8 -100 +100 mV
Time before Vgg is allowed TsTABLE Figure 2-8 500 ps
Average Clock Period Accuracy TPERIOD AVG -300 +2800 ppm
Absolute Period (including Jitter and Spread TPeRIOD ABS 9.847 10.203 ps
Spectrum)
Cycle to Cycle Jitter VecarTer 150 ps
Absolute Max input voltage Vmax Figure 2-3 +1.15 \%
Absolute Min input voltage VM Figure 2-3 -0.3 \%
Duty Cycle 40 60 %
Rising edge rate (PECLKP) to falling edge rate 20 %
(PECLKN) matching
Clock source DC impedance Zc-oc Figure 2-2 40 60 Q
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PCI Express Interface - PERSTB and PEWAKEB Signal Timings

Parameter Symbol Condition Min. Max. Units
Power stable to PERSTB inactive TrvPERL Figure 2-1 100 ms
PECLKP/PECLKN stable before PERSTB TPERST- Figure 2-1 100 5
inactive CLK

PCI Express Interface — Power-Up and PECREQB Signal Timings

Parameter Symbol Condition Min. Max. Units
Power Valid to PECREQB Output active TevcrL Figure 2-9 100 s
Power Valid to PERSTB input inactive TrveeL Figure 2-9 1 ms
PECLKP/PECLKN stable before PERSTB Tee_rste- | Figure 2-9 100 )73
inactive cLK

PCI Express Interface — PECREQB Clock Control Timings

Parameter Symbol Condition Min. Max. Units
PECREQB de-asserted high to clock parked TcrHOFF Figure 2-10 0 ns
PECREQB asserted low to clock active TcrLON Figure 2-10 400 ns
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PCI Express Interface — Differential Transmitter (TX) Specifications
(Refer to PCI ExpressT"’I Base Specification Revision 2.0 for more information)

(1/2
Parameter Symbol 2.5GT/s 5.0GT/S. Units
Unit Interval ul 399.88(min) 199.94(min) ps
400.12(max) 200.06(max)
Differential Peak to Peak(p-p) Tx voltage VTX-DIFFp-p 0.8(min) 0.8(min) \%
swing 1.2(max) 1.2(max)
Low power differential p-p Tx voltage swing | V1xDbiFrp-p-Low 0.4(min) 0.4(min) \%
1.2(max) 1.2(max)
Tx de-emphasis level ration V/TX-DE-RATIO-3.5dB 3.0(min) 3.0(min) dB
4.0(max) 4.0(max)
Tx de-emphasis level ration V/Tx-DE-RATIO-6dB Not specified 5.5(min) dB
6.5(max)
Instantaneous lone pulse width TMIN-PULSE Not specified 0.9(min) ul
Transmitter Eye including all jitter sources TTxEYE 0.75(min) 0.75(min) ul
Maximum time between the jitter median T TX-EYE-MEDIAN-to- 0.125(max) Not specified ul
and max deviation from the median MAX-JTTER
Tx deterministic jitter >1.5MHz TTXHF-DI-DD Not specified 0.15(max) Ul
Tx RMS jitter > 1.5MHz TTXLF-RMS Not specified 3.0 ps RMS
Transmitter rise and fall time TTXRISE-FALL 0.125(min) 0.15(max) ul
Tx rise/fall mismatch TRF-MISMATCH Not specified 0.1(max) ul
Maximum Tx PLL bandwidth BWrx-pLL 22(max) 16(max) MHz
Minimum Tx PLL BW for 3dB peaking Bwrx-pLL-LO-3DB 1.5(min) 8(min) MHz
Minimum Tx PLL BW for 1dB peaking Bwrx-pLL-LO-1DB Not specified 5(min) MHz
Tx PLL peaking with 8MHz min BW PkaTxpLL1 Not specified 3.0(max) dB
Tx PLL peaking with 5SMHz min BW PketxpLL2 Not specified 1.0(max) dB
Tx package plus Si differential return loss RL7x-DIFF 10(min) 10(min) for 0.05 — dB
1.25GHz
8(min) for 1.25 —
2.5GHz
Tx package plus Si common mode return RLtx-cm 6(min) 6(min) dB
loss
DC differential Tx impedance ZTX-DIFF-DC 80(min) 120(max) Q
120(max)
Tx AC common mode voltage (5GT/s) VTx-cM-AC-PP Not specified 100(max) mVPP
Tx AC common mode voltage (2.5GT/s) V1x-cM-AC-P 20 Not specifed mVv
Transmitter short-circuit current limit ITx-sHORT 90(max) 90(max) mA
Transmitter DC common-mode voltage V1x-DC-cMm 0(min) 0(min) \%
3.6(max) 3.6(max)
Absolute Delta of DC Common Mode V/TX-CM-DC-ACTIVE- 0(min) 0(min) mV
Voltage during LO and Electrical Idle IDLE-DELTA 100(max) 100(max)
Preliminary Data Sheet 13
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(2/2

Parameter Symbol 2.5GT/s 5.0GT/S. Units
Absolute Delta of DC Common Mode VTX-CM-DC-LINE- 0(min) 0(min) mvV
Voltage between PETXP and PETXN DELTA 25(max) 25(max)
Electrical Idle Differential Peak Output VTX-IDLE-DIFF-AC-p 0(min) 0(min) mV
Voltage 20(max) 20(max)
DC Electrical Idle Differential Output VTX-IDLE-DIFF-DC Not specified 0(min) mvV
Voltage 5(max)
The amount of voltage change allowed V/TX-RCV-DETECT 600(max) 600(max) mV
during Receiver Detection
Minimum time spent in Electrical Idle TTXIDLE-MIN 20(min) 20(min) ns
Maximum time to transition to a valid TTXIDLE-SET-TO-IDLE 8(max) 8(max) ns
Electrical Idle after sending an EIOS
Maximum time to transition to valid diff TTXIDLE-TO-DIFF- 8(max) 8(max) ns
signaling after leaving Electrical Idle DATA
Crosslink random timeout TcRrOSSLINK 1.0(max) 1.0(max) ns
Lane-to-Lane Output Skew Lx-skew 500ps + 2Ul(max) 500ps + 4Ul(max) ps
AC Coupling Capacitor Crx 75(min) 75(min) nF

200(max) 200(max)

14
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PCI Express Interface — Differential Receiver (RX) Specifications
(Refer to PCI ExpressT"’I Base Specification Revision 2.0 for more information

Parameter Symbol 2.5GT/s 5.0GT/S. Units
Unit Interval ul 399.88(min) 199.94(min) ps
400.12(max) 200.06(max)
Differential Rx peak-peak voltage for VRX-DIFF-PP-CC 0.175(min) 0.120(min) \%
common Reference clock Rx architecture 1.2(max) 1.2(max)
Differential Rx peak-peak voltage for data VRX-DIFF-PP-DC 0.175(min) 0.100(min) \%
clocked Rx architecture 1.2(max) 1.2(max)
Receiver eye time opening tRx-EYE 0.40(min) Not specified ul
Max Rx inherent timing error trRx-T3-cC Not specified 0.40(max) ul
Max Rx inherent timing error trRx-T3-DC Not specified 0.34(max) ul
Max Rx inherent deterministic timing error trRx-D3-DD-CC Not specified 0.30(max) ul
Max Rx inherent deterministic timing error trRX-DJ-DD-DC Not specified 0.24(max) ul
Max time delta between median and tRX-EYE-MEDIAN-to- 0.3(max) Not specified ul
deviation from median MAX-JITTER
Minimum width pulse at Rx tRX-MIN-PULSE Not specified 0.6(min) ul
Min/max pulse voltage on consecutive Ul tRX-MAX-MIN-RATIO Not specified 5(max) -
Maximum Rx PLL bandwidth BWRx-pLL-HI 22(max) 16(max) MHz
Minimum Rx PLL BW for 3dB peaking BWHrx-pLL-LO-3DB 1.5(min) 8(min) MHz
Minimum Rx PLL BW for 1dB peaking BWHrx-pLL-LO-1DB Not specified 5(min) MHz
Rx PLL peaking with 8 MHz min BW PKGRrx-pLL1 Not specified 3.0 dB
Rx PLL peaking with 5MHz min BW PKGRrx-pLL2 Not specified 1.0 daB
Rx package plus Si differential return loss RLRrx-DIFF 10(min) 10(min) for 0.05 — dB
1.25GHz
8(min) for 1.25 —
2.5GHz
Common mode Rx return loss RLRrx-cMm 6(min) 6(min) dB
Receiver DC single ended impedance Zrx-DC 40(min) 40(min) Q
60(max) 60(max)
DC differential impedance ZRX-DIFF-DC 80(min) Not specified Q
120(max)
Rx AC common mode voltage VRx-CM-AC-P 150(max) 150(max) mVP
DC input CM input Impedance for V>0 durin | Zrx-HGH-IMP-DC-POS 50k(min) 50k(min) Q
Reset or power down
DC input CM input Impedance for V<0 ZRX-HGH-IMP-DC-NEG 1.0k(min) 1.0k(min) Q
during Reset or power down
Electrical Idle Detect Threshold V/RX-IDLE-DET-DIFFp-p 65(min) 65(min) mvV
175(max) 175(max)
Unexpected Electrical Idle Enter Detect tRX-IDLE-DET-DIFF- 10(max) 10(max) ms
Threshold Integration Time ENTERTIME
Lane to Lane skew Lrx-skew 20(max) 8(max) ns
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USB3.0 SuperSpeed Interface — Differential Transmitter (TX) Specifications
(Refer to Universal Serial Bus 3.0 Specification Revision 1.0 for more information)

Transmitter Normative Electrical Parameters

Parameter Symbol Min Max Units
Unit Interval ul 199.94 200.06 ps
Differential p-p Tx voltage swing VTX-DIFF-PP 0.8 1.2
Low-Power Differential p-p Tx voltage V/TX-DIFF-PP-LOW 0.4 1.2
swing
Tx de-emphasis V/TX-DE-RATIO 3.0 4.0 dB
DC differential impedance R1x-DIFF-DC 72 120
The amount of voltage change allowed V/Tx-RCV-DETECT 0.6 \%
during Receiver Detection
AC Coupling Capacitor CAc-CouPLING 75 200 nF
Maximum slew rate tCDR-SLEW-MAX 10 ms/s

Transmitter Informative Electrical Parameters

Parameter Symbol Min Max Units
Deterministic min pulse MIN-PULSE-Dj 0.96 ul
Tx min pulse tMIN-PULSE-T] 0.90 Ul
Transmitter Eye trx-eve 0.625 ul
Tx deterministic jitter tx-D3-DD 0.205 Ul
Tx input capacitance for return loss C1x-PARASITIC 1.25 pf
Transmitter DC common mode impedance Rrxbc 18 30 Q
Transmitter short-circuit current limit ITx-sHORT 60 mA
Transmitter DC common-mode voltage V1x-DC-CM 0 2.2 \%
Tx AC common mode voltage VTX-CM-AC-PP-ACTIVE 100 mVp-p
Absolute DC Common Mode Voltage VTx-CM-DC-ACTIVE- 200 mV
between U1 and UO IDLE-DELTA
Electrical Idle Differential Peak- Peak VTXIDLE-DIFF-AC-pp 0 10 mvV
Output voltage
DC Electrical Idle Differential Output V/TX-IDLE-DIFF-DC 0 10 mV
Voltage
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USB3.0 SuperSpeed Interface — Differential Receiver (RX) Specifications
(Refer to Universal Serial Bus 3.0 Specification Revision 1.0 for more information)

Receiver Normative Electrical Parameters

Parameter Symbol Min Max Units
Unit Interval ul 199.94 200.06 ps
Receiver DC common mode impedance RRrx-nc 18 30 Q
DC differential impedance RRx-DIFF-DC 72 120
DC Input CM Input Impedance for V>0 ZRX-HIGH-IMP-DC-POS 25k Q

during Reset of Power down

LFPS Detect Threshold V/RX-LFPS-DET-DIFF-p-p 100 300 mV

Receiver Informative Electrical Parameters

Parameter Symbol Min Max Units

Differential Rx peak-to-peak voltage VRX-DIFF-PP-POST-EQ 30 mV
Max Rx inherent timing error TRXTj 0.45 ul
Max Rx inherent deterministic timing error TRX-DI-DD 0.285 ul
Rx input capacitance for return loss CRX-PARASITIC 11 pf

Rx AC common mode voltage VRx-CM-AC-P 150 mVPeak
Rx AC common mode voltage during the VRX-CM-DC-ACTIVE-IDLE- 200 mVPeak
U1 to UO transition DELTA-P
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USB2.0 interface

(Refer to Universal Serial Bus Specification Revision 2.0 for more information)

Low-speed Source Electrical Characteristics

Parameter Symbol Min Max Units
Driver Characteristics:
Transition Time:
Rise Time Tir 75 300 ns
Fall Time TiF 75 300 ns
Rise and Fall Time Matching TLRFM 80 125 %
Clock Timings:
Low-speed Data Rate TLDRATHS 1.49925 1.50075 Mb/s
Low-speed Data Timing:
Source Jitter for Differential Transition to TLoEoP -40 100 ns
SEO Transition
Source Jitter total (including frequency
tolerance):
To Next Transition Toba -25 25 ns
For Paired Transitions Toba -14 14 ns
Differential Receiver Jitter:
To Next Transition Tusr1 -152 152 ns
For Paired Transitions Tuirz —200 200 ns
Source SEOQ interval of EOP TieopT 1.25 1.50 us
Receiver SEOQ interval of EOP TLEOPR 670 ns
Width of SEO interval during differential Tist 210 ns
transition

18
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Full-speed Source Electrical Characteristics

Parameter Symbol Min Max Units

Driver Characteristics:

Rise Time Trr 4 20 ns
Fall Time Trr 4 20 ns
Differential Rise and Fall Time Matching TFRFM 90 111.11 %
Clock Timings:

Full-speed Data Rate TFDRATHS 11.9940 12.0060 Mb/s
Frame Interval TrrRAME 0.9995 1.0005 ms
Consecutive Frame Interval Jitter Trri 42 ns

Full-speed Data Timing:

Source Jitter for Differential Transition to TroEOP -2 5 ns
SEO Transition

Source Jitter total (including frequency

tolerance):
To Next Transition Ton -3.5 35 ns
For Paired Transitions Tox -4 4 ns

Receiver Jitter:

To Next Transition Tar1 -18.5 18.5 ns
For Paired Transitions Tir2 -9 9 ns
Source SEO interval of EOP TreopT 160 175 ns
Receiver SEQ interval of EOP TreOPR 82 ns
Width of SEO interval during differential Trst 14 ns
transition
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High-speed Source Electrical Characteristics

Parameter Symbol Min Max Units

Driver Characteristics:

Rise Time (10% - 90%) THsr 500 ps
Fall Time (10% - 90%) Thsrk 500 ps
Driver waveform requirements Figure 2-14

Clock Timings:

High-speed Data Rate THSDRAT 497.760 480.240 Mb/s
Microframe Interval THSFRAME 124.9375 125.0625 us
Consecutive Microframe Interval Difference | Thsrr 4 high-speed bit times

High-speed Data Timing:

Data source jitter Figure 2-14

Receiver jitter tolerance Figure 2-12

Hub Event Timings

Parameter Symbol Min Max Units
Time to detect a downstream facing port Toenn 25 2000 ps
connect event
Time to detect a disconnect event at a Tobis 2 25 ps

hub’s downstream facing port

Duration of driving resume to a TorsvDN 20 ms
downstream port

Time from detecting downstream resume to | Tursm 1.0 ms
rebroadcast

Inter-packet delay for packets traveling in THsIPDSD 88 Bit
same direction times
Inter-packet delay for packets traveling in THsiPDOD 8 Bit
opposite direction times
Inter-packet delay for root hub response for | ThsrspiPD1 192 Bit
high-speed times
Time for which a Chirp J or Chirp K must TrLT 25 us

be continuously detected by hub during
Reset handshake

Time after end of device Chirp K by which Tocher 100 ps
hub must start driving first Chirp K in the
hub’s chirp sequence

Time for which each individual Chirp J or TocHair 40 60 us
Chirp K in the chirp sequence is driven
downstream by hub during reset

Time before end of reset by which a hub TocHseo 100 500 ps
must end its downstream chirp sequence
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SPI Type Serial ROM Interface

SPI Type Serial ROM Interface Signals Timing (SPI Mode 0)

Parameter Symbol Min. Max. Units
SPISCK Clock Frequency 32 MHz
Clock pulses width Low tscLLow ns
Clock pulses width high tscLHIGH 9 ns
SPICSB disable time tscsois 25 ns
SPICSB setup time tscssu 25 ns
SPICSB hold time tscsH 10 ns
SPISI setup time to SPISCK rising edge tspwsu 5 ns
SPISI hold time from SPISCK rising edge tspwH 5 ns
SPISO validate time from SPISCK falling edge tSDRVALID 9 ns
SPISO hold time from SPISCK falling edge tsprH 0 ns
SPISO disable time from SPICSB disabled tsprois 100 ns
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Figure 2-1. Power Up and Reset
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Figure 2-2. PCI Express Single-Ended Measurement Points for Absolute Cross Point and Swing
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Figure 2-3. PCIl Express Single-Ended Measurement Points for Absolute Cross Point and Swing

Vmax =1.15V
PECLKN

VcRross MAax = 550 mV
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PECLKP
VMmN =-0.30V
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Figure 2-4. PCIl Express Single-Ended Measurement Points for Delta Cross Point

Figure 2-5. PCIl Express Single-Ended Measurement Points for Rise and Fall Time Matching
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Figure 2-6. PCI Express Differential Measurement Points for Duty Cycle and Period
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Figure 2-7. PCI Express Differential Measurement Points for Rise and Fall Time
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Figure 2-8. PCI Express Differential Measurement Points for Ring-back
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Figure 2-9. PCIl Express Power-Up PECREQB Timing
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Figure 2-10. PCl Express PECREQB Clock Control Timing
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Figure 2-11. Differential Input Sensitivity Range for Low-/Full-speed
Differential Input Voltage Range
Differential Outpute
Crossovere
Voltage Range
f f f f f f f f f f f f f f f f f
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Figure 2-12. Receiver Sensitivity for Transceiver at U2DP/U2DM
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Figure 2-13. Receiver Measurement Fixtures
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Figure 2-14. Transmit Waveform for Transceiver at U2DP/U2DM
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Figure 2-15. Transmitter Measurement Fixtures
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Figure 2-16. Differential data jitter for low-/full-speed
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Figure 2-17. Differential-to-EOP transition skew and EOP width for low-/full-speed
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Figure 2-18. Receiver jitter tolerance for low-/full-speed
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Figure 2-19. SPI Type Serial ROM Signal Timing
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3. PACKAGE DRAWINGS
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PNMLKJHGFEDCEBA
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(UNIT:mm|

ITEM DIMENSIONS

D 10.00=0.10

E 10.00£0.10

w 0.20

A 1.4120.10

Al 0.3020.05

A2 1.11

[e] 0.65

b 0.40+£0.05

x 0.08

y 0.10

y1 0.20

ZD 0.775

ZE 0.775
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4. RECOMMENDED SOLDERING CONDITIONS

The 4PD720200 should be soldered and mounted under the following recommended conditions.
For soldering methods and conditions other than those recommended below, contact an NEC Electronics sales

representative.

For technical information, see the following website.

Semiconductor Device Mount Manual (http://www.necel.com/pkg/en/mount/index.html)

e 1PD720200F1-DAK-A: 176-pin plastic FBGA (10 x 10)

Soldering Method

Soldering Conditions

Symbol

Infrared reflow

Peak package’s surface temperature: 260°C, Reflow time: 60 seconds or less (220°C
or higher), Maximum allowable number of reflow processes: 3,

Exposure limit Note: 7 days (10 hours pre-backing is required at 125°C afterwards),
Flux: Rosin flux with low chlorine (0.2 Wt% or below) recommended.

<Caution>

Non-heat-resistant trays, such as magazine and taping trays, cannot be baked before
unpacking.

IR60-107-3

Note The Maximum number of days during which the product can be stored at a temperature of 25°C and a relative

humidity of 65% or less after dry-pack package is opened.

Preliminary Data Sheet
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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between ViL (MAX) and ViH (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between ViL (MAX) and
Vi (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnectedq, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vob or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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All logo, trademarks or registered trademarks mentioned in this document are the intellectual
property of their respective owners.

¢ The information in this document is current as of March, 2007. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

e No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

e NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

e Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

e NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and

"Specific".
The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC
Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of
each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).
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