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KSZ9692PB, KSZ9692PB-S

Revision History

Revision Date Summary of Changes
1.0 10/14/08 Initial Release
2.0 3/10/09 Power Sequencing, Added A1 (PMEN) to pin list, 1.3V Supply for Core, Power Consumption table
3.0 8/10/09 DDR Data Width Changed to 16-bit
4.0 01/28/10 DDR Data Width Changed to 32-bit
41 06/10/10 Remove NAND Boot support
5.0 04/14/11 Add small packet device KSZ9692PB-S
09/13/11 Change the USB Port 0 to Port 2 in Figure 12 and 13. Change RSVD to DATA[31..16] in Figure 20.
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System Level Applications
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Pin Description: Signal Descriptions by Group

Pin Number ‘ Pin Name ‘ Pin Type ‘ Pin Description
System Interface
R5 RESETN | Reset, asserted Low.
RESETN will force the KSZ9692PB, KSZ9692PB-S to reset ARM9 CPU and all
functional blocks. Once asserted, RESETN must remain asserted for a
minimum duration of 256 system clock cycles. When in the reset state, all the
output pins are put into Tri-state and all open drain signals are floated.
N5 WRSTO (0] Watchdog Timer Reset Output
When the Watchdog Timer expires, this signal will be asserted for at least 200
msec.
W1 XCLK2 System Clock Input 2.
External crystal or clock input 2. The clock frequency should be
25MHz + 50ppm.
Y1 XCLK1 System Clock Input 1.
Used with XCLK1 pin when other polarity of crystal is needed. This is unused
for a normal clock input.
H19 CLK25MHz o 25MHz output to external PHY
Y15, Y14 DDCLKOI[1:0] 0] DDR Clock Out [1:0].
Output of the internal system clock, it is also used as the clock signal for DDR
interface.
W15, W14 DDCLKONI1:0] (0] The negative of differential pair of DDR Clock Out [1:0].
Output of the internal system clock, it is also used as the clock signal for DDR
interface.
u13 SDCLKEO 0] Clock Enable output for SDRAM (for Power Down Mode)
T7, U7 VREF | Reference Voltage for SSTL interface.
Must be half of the voltage for the DDR VDD supply. See EIA/JEDEC standard
EIA/JESD8-9 (Stub series terminated logic for 2.5V, SSTL_2)
W3 SDOCLK (0] DDR Clock Out for loopback from De-skew PLL
Y3 SDICLK | DDR Clock In from loopback to De-skew PLL. This pin must connect to
SDOCLK with appropriate de-skew length. See Engineering Evaluation Design
Kit for detailed implementation.
Y17,Y16 DDCLKO[3:2] (0] Factory Reserved.
W17, W16 DDCLKON[3:2] (0] Factory Reserved.
NAND/SRAM/ROM/EXIO Interface
L2, K1, K2, SADDRJ[23..0] (0] SRAM Address Bus.
J3, H5, Hfll’ The 24-bit address bus covers 16M word memory space of
;g gg |J4 ; ROM/SRAM/FLASH, and 16M byte external /O banks.
G3 G4 G2, This address bus is shared between ROM/SRAM/FLASH/EXTIO devices.
F1, G1, F2,
F3, F5, F4,
E1, E2, E3
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Pin Description: Signal Descriptions by Group (Continued)

Pin Number [ Pin Name Pin Type Pin Description
R3 NCLE Ipd/O NAND command Latch Enable
NCLE controls the activating path for command sent to NAND flash.

u2 NALE Ipd/O NAND Address Latch Enable
NALE controls the activating path for address sent to NAND flash.

T3 NCEN1 (0] NAND Bank Chip Enable 1, asserted low
NAND device bank 1 selection control.

V3 NCENO (e NAND Bank Chip Enable 0, asserted low
NAND device bank 0 selection control.

R4 NREN Ipu/O NAND Read Enable, asserted low
T4 NWEN Ipu/O NAND Write Enable, asserted low
u3 NWPN Ipu/O NAND Write Protection, asserted low
P4, U4 NRBN[1:0] | NAND Ready/Busy, asserted low for busy.
DDR
Interface
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Pin Description: Signal Descriptions by Group (Continued)

Pin Number [ Pin Name Pin Type Pin Description
T17, V18, DADDRJ[13..0] (0] DDR Address Bus.
uU17, T16,
W20, W19,
Y20, Y19,
W18, V17,
u16, T15,
Y18, V16
V13, U11, DDATA[31..0] I/0 DDR Data Bus.
V12, W13,
Y13, W12,
V11, U10,
V10, Y11,
W10, U9,
Y10, V9, W9,
Y9, W8, Y8,
Y7, W7, V7,
Y6, W6, V6,
Y5, V5, W5,
U5, T5, Y4,
V4, W4
T13, V14 BA[1:0] (0] DDR Bank Address.
u14 CSN (0] DDR Chip Select, asserted Low.
Chip select pins for DDR, the KSZ9692PB, KSZ9692PB-S supports only one
DDR bank.
T14 RASN (6] DDR Row Address Strobe, asserted Low.
The Row Address Strobe pin for DDR.
u15 CASN (0] DDR Column Address Strobe, asserted Low.
The Column Address Strobe pin for DDR.
V15 WEN (e} DDR Write Enable, asserted Low.
The write enable signal for DDR.
uUs, 76 DM[3:0] (@) Data Input/Output mask signals for DDR. DM is sampled High and is an output
T12.Y12 mask signal for write accesses and an output enable signal for read accesses.
’ Input data is masked during a Write cycle. DMO corresponds to DDATA[7:0],
DM1 corresponds to DDATA[15:8], DM2 corresponds to DDATA[23:16] and
DM3 corresponds to DDATA[31:24].
V8, U6 DQS[3:0] I/0 DDR only Data Strobe
u12,w11 Input with read data, output with write data. DQSO corresponds to DDATA[7:0],
DQS1 corresponds to DDATA[15:8].

May 2011

13 M9999-051111-4.0




Micrel, Inc. KSZ9692PB, KSZ9692PB-S

Pin Description: Signal Descriptions by Group (Continued)

Pin Number | Pin Name | Pin Type | Pin Description
Ethernet Port 0
M16 PO_RXC Ipd/O MAC mode MII: input RX clock / PHY mode MII: output RX clock
RGMII mode: input RX clock
P18, N17, PO_RXDI[3:0] | RX data[3:0]
P17, N16
N18 PO_RXDV | MIl mode: RX data valid
RGMII mode: as RX_CTL. RXDV on rising edge of RXC, logic derivative of
RXDV and RXER on falling edge of RXC
P19 PO_RXER | MIl mode: RX error
RGMII mode: input SEL
M17 PO_CRS I MAC mode MII: input carrier sense
RGMII mode: not used
P20 PO_COL I MAC mode MII: input collision
RGMII mode: not used
M18 PO_TXC Ipd/O MAC mode MII: input TX clock / PHY mode MII: output TX clock
RGMII mode: output TX clock
L17, M19, PO_TXD[3:0] o] TX data[3:0]
N20, N19
L16 PO_TXEN 0] MIl: TX enable
RGMII: as TX_CTL input. TXEN on rising edge of TXC, logic derivative of
TXEN and TXER on falling edge of TXC.
Ethernet Port
K19 P1_RXC Ipd/O MAC mode MiIl: input RX clock / PHY mode MiII: output RX clock
RGMII mode: input RX clock
L20, L19, P1_RXD[3:0] | RX data[3:0]
L18, M20
K16 P1_RXDV | MIl mode: RX data valid
RGMII mode: as RX_CTL. RXDV on rising edge of RXC, logic derivative of
RXDV and RXER on falling edge of RXC
K17 P1_RXER | MIl mode: RX error
RGMII mode: input SEL
K18 P1_CRS I MAC mode MII: input carrier sense
RGMII mode: not used
K20 P1_COL I MAC mode MIl: input collision
RGMII mode: not used
J17 P1_TXC Ipd/O MAC mode MII: input TX clock / PHY mode MII: output TX clock
RGMII mode: output TX clock
H20, J19, P1_TXD[3:0] 0] TX data[3:0] output.
J18, J20
J16 P1_TXEN O MIl: TX enable
RGMII: as TX_CTL input. TXEN on rising edge of TXC, logic derivative of
TXEN and TXER on falling edge of TXC.
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Pin Description: Signal Descriptions by Group (Continued)

Pin Number Pin Name Pin Type Pin Description
USB Interface
G19 U1P 110 USB port 1 differential + signal
(analog)
G20 UiMm 110 USB port 1 differential - signal
(analog)
F19 u2pP 110 USB port 2 differential + signal
(analog)
F20 u2m 110 USB port 2 differential - signal
(analog)
G17 USBXI | (analog) | Crystalin for USB PLL
G18 USBXO O (analog) | Crystal out for USB PLL
H16 USBREXT | (analog) | Connect to an external resistor 3.4K ohm to GND
G16 USBTEST O (Analog) | USB analog test output (factory reserved)
G15 USBCFG | USB port 2 configuration
“1” = port 2 is host
“0” = port 2 is device
( port 1 is always host)
F18 USBHOVCO | Over current sensing input for Host Controller downstream port 1.
F15 USBHOVC1 | Over current sensing input for Host Controller downstream port 2.
F17 USBHPWRO0 Ipu/O Power switching control output for downstream port 1; open drain output.
(open
drain)
F16 USBHPWR1 Ipu/O Power switching control output for downstream port 2; open drain output.
(open
drain)
SDIO
Interface
D14 KCMD Ipd/O SD 4-bit mode: Command line
SD 1-bit mode: Command line
Cc18 KCLK Ipd/O SDIO/SD Clock
C15 KDATA3 I/0 SD 4-bit mode : data line 3
SD 1-bit mode : not used
C16 KDATA2 I/0 SD 4-bit mode : data line 2 or read wait (optional)
SD 1-bit mode : read wait (optional)
E13 KDATA1 I/0 SD 4-bit mode : data line 1 or interrupt (optional)
SD 1-bit mode : interrupt
Cc17 KDATAO I/0 SD 4-bit mode : data line 0
SD 1-bit mode : data line
C14 KSDCDN | Active low used for Card Detection
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Pin Description: Signal Descriptions by Group (Continued)

Pin Number |

Pin Name

| Pin Type | Pin Description

TAP Control Signals

A18

TCK

JTAG Test Clock

A17

T™MS

JTAG Test Mode Select

A16

TDI

JTAG Test Data In

A15

TDO

JTAG Test Data Out

A14

TRSTN

JTAG Test Reset, asserted Low

Test Signals

P5

SCANEN

1 = Scan Enable (Factory reserved)
0 = Normal Operation

V2

TESTEN

Ipd

1 = Test Enable (Factory reserved)
0 = Normal Operation

V1

TESTEN1

Ipd

1 = Test Enable1 (Factory reserved)
0 = Normal Operation

Y2

TEST1

O (analog)

Factory reserved

W2

TEST2

O (analog)

Factory reserved

Power and Ground (96)

N6, M6,
M7, G7,
G8, G9,
M14,
M15, N14,
P11, P12,
P13, P14

VDD1.2

Digital power supply 1.3V (13)

G6, H6,
J6, K6,
F7, F8,
F9, F10,
F11, G10,
G11, H14,
J14, K14,
K15, L15

VDD3.3

Digital power supply 3.3V (16)

R6, R7, R8,
R9, R10,
R11, R12,
R13, R14,

T8, T9, T10,

T11

VDD2.5

DDR Pad Driver 2.5V or 2.6V Power Supply. (13)

H7, H8, H9,
H10, H11, J7,
Jg, J9, J10,
J11, K7, K8,
K9, K10, K11,
K12, L7, L9,
L10, L11,
L12, L13,
L14, M9,
M10, M11,
M12, M13,
N9, N10, N11,
N12, N13, P7,
P8, P9, P10

GND

GROUND

Digital Ground. (37)

May 2011
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Pin Description: Signal Descriptions by Group (Continued)

Pin Number Pin Name Pin Type Pin Description
L6 PLLVDDA3.3 P Band Gap Reference Analog Power. (1)
M8 PLLVSSA3.3 GROUND | Band Gap Reference Analog Ground. (1)
P6 PLLDVDD1.2 P De-skew PLL Analog and Digital Power. (1)
M5 PLLSVDD1.2 P System PLL Analog and Digital Power. (1)
N7, N8 PLLVSS1.2 GROUND | De-skew PLL and System PLL Ground. (2)
L8 PLLVSSISO GROUND | Ground Isolation PLL and other circuit. (1)
G12 USB1VDDA3.3 P Analog Power for USB Channel 1. (1)
G13 USBCVDDA3.3 P Analog Power for Common Circuit of USB Channel 1 and 2. (1)
G14 USB2VDDA3.3 P Analog Power for USB Channel 2. (1)
H1§,1\:J313, USBVSSA3.3 GROUND | Analog Ground for both USB Channels Analog Circuit. (3)
J15 uUSB1vDD1.2 P Digital Power for USB Channel 1 Controller. (1)
H15 uUSB2vDD1.2 P Digital Power for USB Channel 2 Controller. (1)
J12 USBVSSH1 GROUND | Digital Ground for USB Channel 1 Controller. (1)
H12 USBVSS2 GROUND | Digital Ground for USB Channel 2 Controller. (1)
Notes:
1. P = Power supply.
I = Input.
O = Output.

O/I = Output in normal mode; input pin during reset.

Ipu = Internal 55kQ pull-up resistor.
Ipd = Internal 55kQ pull-down resistor.
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NAND Flash
SDATA[15:0] DATAIIS.0) 3| Data[15:0]

NCLE CLE

NALE ALE

NREN »| REN

soc NWEN »{ WEN

NWPN »| wpPN

NRENO »| REN

NRBN1 |—) CEN

NCENO
NCEN1 |—
DATA[15:0] NAND Flash
—————3»{ Data[15:0]

> CLE

»| ALE

»| REN

»| WEN

» wrN

»| RBN

»| CEN

Figure 7. 16-bit NAND Interface Examples

DDR Controller

The KSZ9692PB, KSZ9692PB-S DDR memory controller provides interface for accessing external Double Data Rate
Synchronous DRAM. In addition the KSZ9692PB, KSZ9692PB-S provides two integrated DDR differential clock drivers for
a complete glueless DDR interface solution.

e Up to 200 MHz clock frequency (400 MHz data rate)

¢ Supports one 32-bit data width bank (16-bit optional)

o Up to 128MB of addressable space is available with 12 columns and 14 row address lines

e Supports all DDR device densities up to 1Gb

e Supports all DDR device data width x8 and x16

e Configurable DDR RAS and CAS timing parameters

e Two integrated JEDEC Specification JESD82-1 compliant differential clock drivers for a glueless DDR interface solution
e JEDEC Specification SSTL_2 I/Os
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SDIO/SD Host Controller
Integrated SDIO/SD host controller provides interface for removable mass storage memory card and I/O devices.
e Meets SD Host Controller Standard Specification Version 1.0
e Meets SD memory card spec 1.01. MMC spec 3.31
e Meets SDIO card specification version 1.0
e 1or 4 bit mode supported
e Card detection-insertion/removal
e Line Status LED driver
e Password protection of cards
e Supports read wait control, suspend/resume operation
e  Support multi block read and write
e Up to 12.5 Mbytes per second read and write rates using 4 parallel line for full speed card.
e Dedicated DMA or programmed I/O data transfer

IP Security Engine
Integrated hardware security engine performs complex encryption, decryption and authentication tasks with minimum
ARM processor intervention to peak line rate of 100Mbps.
e ESP, AH mode
e Transport mode
e Tunnel mode
o IPv4
e Extended Sequence Numbers
e Data Descriptor Table (DDT)based packet memory
e AES-ECB/CBC; 128/192/256-bit keys
e DES/3DES-ECB/CBC
e RC4; 40/128 bit keys
e MD5, SHA-1, SHA-256
¢ HMAC-MD5
¢ HMAC-SHA1
¢ HMAC-SHA-256
e SSLMAC SHA-1
e SSLMAC MD5
e Dedicated DMA channel
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USB 2.0 Interface

Integrated dual USB 2.0 interface can be configured as 2-port host, or host + device. Figures 12 and 13 illustrate
examples of USB 2.0 interface applications.

o Compliant with USB Specification Revision 2.0

¢ Compliant with Open Host Controller Interface (OHCI) Specification Rev 1.0a

¢ Compliant with Enhanced Host Controller Interface (EHCI) Specification Rev 1.0

¢ Root hub with 2 (max) downstream facing ports which are shared by OHCI and EHCI host controller cores

¢ All downstream facing ports can handle High-Speed (480Mbps), Full-Speed (12Mbps), and Low-Speed (1.5Mbps)
transaction

e OTG not supported

o Integrated 45-ohm termination, 1.5K pull-up and 15K pull-down resistors

e Support endpoint zero, and up to 6 configurable endpoints (IN/OUT, isochronous/ control/ interrupt/ bulk)
e One isochronous endpoint (IN or OUT)

o Dedicated DMA Channel for each port

USB 2.0 Host Controller

Port2 f———

USB 2.0 Host Controller

Port1 fp—-— &
o

Figure 12. USB 2.0 Configuration as Two-Port Host

USB 2.0 Device

Port2

USB 2.0 Host Controller

Port! f———>»

Figure 13. USB 2.0 Configuration as Host + Device
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frame’s destination.

If the network controller scans a frame and does not find the specific sequence shown above, it discards the frame and
takes no further action. If the KSZ9692PB, KSZ9692PB-S controller detects the data sequence, however, it then alerts the
device’s power management circuitry to wake up the system.

IPv6 Support
The KSZ9692PB, KSZ9692PB-S provides the following IPv6 support in the hardware:

o Generates the checksum for IPv6 TCP/UDP packets based on register configuration (LAN MAC DMA Transmit
Control Register and WAN MAC DMA Transmit Control Register) or Transmit Descriptor 1 (TDES1). The register
setting is static configuration and the TDES1 setting is packet based configuration.

o Filters IPv6 packets with TCP/UDP errors (LAN MAC DMA Receive Control Register and WAN MAC DMA Receive
Control Register).

e Supports up to 8 Source IP or Destination IP based filtering (LAN/WAN Access Control List)
Refer to the Register Description Document for more details.

DMA Controller

Integrated DMA controller connects data port of IP Security Engine, two Gb Ethernet MACs, two USB 2.0 ports, PCI 2.3
bus interface, and SDIO interface via dedicated channels to DDR memory controller for moving large amounts of data
without significant ARM processor intervention. A typical DMA channel usage is to move data from these interfaces into
DDR memory. The data in the memory is processed by the ARM processor and driven back by the DMA channel to the
external interface. Additionally, the ARM processor itself has a dedicated DMA channel to access the DDR memory
controller. Flash/ROM/SRAM, NAND controller, and peripherals do not have dedicated DMA channel and therefore
depend on the ARM processor for transfer of data to DDR memory. DMA channel interfaces are shown in the functional
block diagram on page 7.

The arbitration of all requests from DMA channels are handled by the DDR memory controller and pipelined for best
performance. The memory controller supports programmable bandwidth allocation for each DMA channel, thus enabling
the designer to optimize 1/O resource utilization of memory.

UART Interface
The KSZ9692PB, KSZ9692PB-S support four independent high-speed UARTs; UART1, UART2, UART3 and UART4. The
UART ports enhance the system availability for legacy serial communication application and console port display.

UART1, UART2, UART3 and UART4 support maximum baud rate of 5 Mbps including standard rates. The higher rates
allow for Bluetooth and GSM applications.

UART1 supports CTSN, DSRN, DCDN modem control pins in addition to RXD and TXD data pins. For UART2, UART3,
UART4 only CTSN and RTSN control pins in addition to RXD and TXD data pins are supported.

Timers and Watchdog

Two programmable 32-bit timers with one capable of watchdog timer function. These timers can operate in a very flexible
way. The host can control the timeout period as well as the pulse duration. Both timers can be enabled with interrupt
capability. When the watchdog timer is programmed and the timer setting expires, the KSZ9692PB, KSZ9692PB-S resets
itself and also asserts WRSTO to reset other devices in the system.

GPIO

Twenty general purpose /0O (GPIO) are individually programmable as input or output. Some GPIO ports are
programmable for alternate function as listed below:

o Four GPIO programmable as inputs for external interrupts

¢ Two GPIO programmable as 32-bit timers output

Six GPIO programmable as CTSN and RTSN control pins for UART2, UART3, UART4

One GPIO programmable as SDIO Line Status LED driver

One GPIO programmable as ARM CPU interrupt line activity.

See Signal Description list for detailed GPIO map.
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Timing Specifications
Figure 16 provides power sequencing requirement with respect to system reset.

Supply Voltages /
(3.3V, 2.5V/2.6V, 1.3V) |

[* tsr
RESETN
! tch
tcs &
Strap-In { h
e—trc—s]
Strap-In Pin Output { |

Figure 16. Reset Timing

Note: Power sequencing of supply voltages must be in order of 3.3V first, 2.5V/2.6V next and 1.3V last.

Symbol Parameter Min Typ Max Units
tsr Stable supply voltages to reset high 10 ms
tcs Configuration set-up time 50 ns
tch Configuration hold time 50 ns
tre Reset to strap-in pin output 50 ns

Table 1. Reset Timing Parameters

Figure 17 and Figure 18 provide NOR FLASH, ROM and SRAM interface timing.

sysclk "\AANN NN NN NN NN\ NANNNNNNNANNN

» RBITACC
RCSNi \ 7\ /

» RBITPA = » RBITPA =
» RBITACC « » RBITPA =

ADDR[23:0] I _~ooro K _~pDro X _ADDR1_X_aDDR2 ¥ _aDDR3 GG
eroEN R 7\ /N

ERWENI[1:0]

DATA[15:0] Do K 01 MK 02 MK o

Figure 17. Static Memory Read Cycle
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svselk ANAANANANNANNNANANNANANNANNAANNNANS

- RBITACC
RCSNi \
ADDR[23:0] G ADDR

ERCEN [N
ERWEN[0] NI\
DATA[15:0] |GG DATA

Figure 18. Static Memory Write Cycle

Symbol Parameter® Registers
RBITACC | Programmable bank i access time 0x5010, 0x5014
RBIiTPA Programmable bank i page access time 0x5010, 0x5014

Table 2. Programmable Static Memory Timing Parameters
Note:
1. "i" Refers to chip select parameters 0 and 1.

Figure 19 provides external 1/O ports interface timing.

SYSCLK
ECSN[i]
<« »EBITACS « = EBITACS
Appr[23:0) NG Read Address \ WWrite Address L]
* EBITACT =
< » EBITCOS < »EBITCOH
ErOEN IIF
> EBITACT =
= » EBITCOS = » EBITCOH
ERWEN[1:0]
EWAITN

pATA[15:0] D ~o-7» S o~

Figure 19. External I/O Read and Write Cycles
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Symbol | Parameter Min® Typ® Max® Units

Teta Valid address to CS setup time EBIiTACS EBIiTACS EBIiTACS ns
+0.8 +1.1 +1.3

Teos OE valid to CS setup time EBITCOS | EBIiTCOS | EBIiTCOS ns
+0.6 +0.6 +1.0

Tasu Valid read data to OE setup time 2.0 ns

Tews WE valid to CS setup time EBITCOS | EBIiTCOS | EBIiTCOS ns
+0.6 +0.6 +1.0

Tan Write data to CS hold time 0 ns

Tean Address to CS hold time EBITCOH | EBITCOH | EBITCOH ns
+1.0 +1.0 +1.4

Toew OE/WE pulsewidth EBIiTACT EBIiTACT ns

Tocs, Tesw | Rising edge CS to OE/WE hold time 0 ns

Table 3. External I/O Memory Timing Parameters
Note:
1. Measurements for minimum were taken at 0°C, typical at 25°C, and maximum at 100°C.

Symbol Parameter® Registers

EBIiTACS Programmable bank i address setup time before chip select 0x5000, 0x5004, 0x5008

EBIiTACT Programmable bank i write enable/output enable access time 0x5000, 0x5004, 0x5008

EBITCOS | Programmable bank i chip select setup time before OEN 0x5000, 0x5004, 0x5008

EBITCOH | Programmable bank i chip select hold time 0x5000, 0x5004, 0x5008

Table 4. Programmable External I/O Timing Parameters
Note:

1. "i" Refers to chip select parameters 0, 1, or 2.

May 2011 45 M9999-051111-4.0



Micrel, Inc. KSZ9692PB, KSZ9692PB-S

Package Information
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Figure 21. KSZ9692PB 400-Pin PBGA (24X24X2.33 MM)
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Figure 22. KSZ9692PB-S 400-Pin PBGA (17X17X1.4 MM)

Micrel makes no representations or warranties with respect to the accuracy or completeness of the information furnished in this data sheet. This
information is not intended as a warranty and Micrel does not assume responsibility for its use. Micrel reserves the right to change circuitry,
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specifications and descriptions at any time without notice. No license, whether express, implied, arising by estoppel or otherwise, to any intellectual
property rights is granted by this document. Except as provided in Micrel’s terms and conditions of sale for such products, Micrel assumes no liability
whatsoever, and Micrel disclaims any express or implied warranty relating to the sale and/or use of Micrel products including liability or warranties
relating to fitness for a particular purpose, merchantability, or infringement of any patent, copyright or other intellectual property right.

Micrel Products are not designed or authorized for use as components in life support appliances, devices or systems where malfunction of a product
can reasonably be expected to result in personal injury. Life support devices or systems are devices or systems that (a) are intended for surgical
implant into the body or (b) support or sustain life, and whose failure to perform can be reasonably expected to result in a significant injury to the user.
A Purchaser’s use or sale of Micrel Products for use in life support appliances, devices or systems is a Purchaser’s own risk and Purchaser agrees to
fully indemnify Micrel for any damages resulting from such use or sale.

© 2008 Micrel, Incorporated.
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