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MCF5213 Family Configurations
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Figure 1. MCF5213 Block Diagram

1.1 Features

This document contains information on a new product under development. Freescale reserves the right to change or discontinue
this product without notice. Specifications and information herein are subject to change without notice.

1.1.1 Feature Overview
The MCF5213 family includes the following features:

MCF5213 ColdFire Microcontroller, Rev. 3
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MCF5213 Family Configurations

Error-detection capabilities
Modem support includes request-to-send (RTS) and clear-to-send (CTS) lines for two UARTSs
Transmit and receive FIFO buffers

e 12C module

Interchip bus interface for EEPROMSs, LCD controllers, A/D converters, and keypads
Fully compatible with industry-standard 1°C bus
Master and slave modes support multiple masters

— Automatic interrupt generation with programmable level
*  Queued serial peripheral interface (QSPI)

Full-duplex, three-wire synchronous transfers

Up to four chip selects available

Master mode operation only

Programmable bit rates up to half the CPU clock frequency
Up to 16 pre-programmed transfers

»  Fast analog-to-digital converter (ADC)

Eight analog input channels

12-bit resolution

Minimum 1.125 us conversion time

Simultaneous sampling of two channels for motor control applications

Single-scan or continuous operation

Optional interrupts on conversion complete, zero crossing (sign change), or under/over low/high limit
Unused analog channels can be used as digital 1/0

e Four 32-bit timers with DMA support

12.5 ns resolution at 80 MHz

Programmable sources for clock input, including an external clock option
Programmable prescaler

Input capture capability with programmable trigger edge on input pin
Output compare with programmable mode for the output pin

Free run and restart modes

Maskable interrupts on input capture or output compare

DMA trigger capability on input capture or output compare

»  Four-channel general purpose timer

16-bit architecture

Programmable prescaler

Output pulse-widths variable from microseconds to seconds

Single 16-bit input pulse accumulator

Toggle-on-overflow feature for pulse-width modulator (PWM) generation
One dual-mode pulse accumulation channel

e Pulse-width modulation timer

Operates as eight channels with 8-bit resolution or four channels with 16-bit resolution
Programmable period and duty cycle

Programmable enable/disable for each channel

Software selectable polarity for each channel

Period and duty cycle are double buffered. Change takes effect when the end of the current period is reached
(PWM counter reaches zero) or when the channel is disabled.

MCF5213 ColdFire Microcontroller, Rev. 3
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Table 3. Pin Functions by Primary and Alternate Purpose

Pin Prima_ry Secont_jary Tertia_ry Quaterpary Str[t)errin‘;h/ Slew Rat?/ Pull-up l2 Pin on Pin on 81 Pin on 64
Group Function Function Function Function Control Control’ | Pull-down“| 100 LQFP | MAPBGA | LQFP/QFN
ADC AN7 — — GPIO Low FAST — 51 H9 33
ANG6 — — GPIO Low FAST — 52 G9 34
AN5 — — GPIO Low FAST — 53 G8 35
AN4 — — GPIO Low FAST — 54 F9 36
AN3 — — GPIO Low FAST — 46 G7 28
AN2 — — GPIO Low FAST — 45 G6 27
AN1 — — GPIO Low FAST — 44 H6 26
ANO — — GPIO Low FAST — 43 J6 25
SYNCA3 — — — N/A N/A — — — —
SYNCB3 — — — N/A N/A — — — —
VDDA — — — N/A N/A — 50 H8 32
VSSA — — — N/A N/A — 47 H7, J9 29
VRH — — — N/A N/A — 49 J8 31
VRL — — — N/A N/A — 48 J7 30
Clock EXTAL — — — N/A N/A — 73 B9 47
Generation XTAL — — — N/A N/A — 72 C9 46
VDDPLL — — — N/A N/A — 74 B8 48
VSSPLL — — — N/A N/A — 71 (6F:] 45
Debug Data ALLPST — — — High FAST — 86 A6 55
DDATA[3:0] — — GPIO High FAST — 84,83,78,77 — —
PST[3:0] — — GPIO High FAST — 70,69,66,65 — —
1’c SCL CANTX* UTXD2 GPIO PDSR[0] | PSRR[0] | pull-up® 10 E1 8
SDA CANRX3 URXD2 GPIO PDSR[0] | PSRR[0] | pull-up® 11 E2 9

suoneinbyuo) Ajwes 12540
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Table 3. Pin Functions by Primary and Alternate Purpose (continued)

Drive

Pin Primary Secondary Tertiary Quaternary Strenath/ Slew Rate/| Pull-up/ Pin on Pin on 81 Pin on 64
Group Function Function Function Function Cont?ol1 Control' | Pull-down? | 100 LQFP | MAPBGA | LQFP/QFN
QSPI QSPI_DIN/ CANRX* URXD1 GPIO PDSR[2] | PSRR[2] — 16 F3 12
EZPD
QSPI_DOUT/| CANTX* UTXD1 GPIO PDSR[1] | PSRRI1] — 17 G1 13
EZPQ
QSPI_CLK/ SCL URTSH1 GPIO PDSR([3] | PSRR[3] pull-up® 18 G2 14
EZPCK
QSPI_CS3 SYNCA SYNCB GPIO PDSR[7] | PSRR[7] — 12 F1 —
QSPI_CS2 — — GPIO PDSR[6] | PSRRI6] — 13 F2 —
QSPI_CSt — — GPIO PDSR[5] | PSRR[5] — 19 H2 —
QSPI_CS0 SDA UCTSH GPIO PDSR[4] | PSRR[4] pull-up® 20 H1 15
Reset® RSTI — — — N/A N/A pull-up® 96 A3 59
RSTO — — — high FAST — 97 B3 60
Test TEST — — — N/A N/A pull-down 5 c2 3
Timers, 16-bit GPT3 — PWM7 GPIO PDSR[23] | PSRR[23] | pull-up'® 62 D8 43
GPT2 — PWM5 GPIO PDSR[22] | PSRR[22] | pull-up'® 61 D9 42
GPT1 — PWM3 GPIO PDSR[21] | PSRR[21] | pull-up'® 59 E9 41
GPTO — PWM1 GPIO PDSR[20] | PSRR[20] | pull-up'® 58 F7 40
Timers, 32-bit DTIN3 DTOUT3 PWM6 GPIO PDSR[19] | PSRR[19] — 32 H3 19
DTIN2 DTOUT2 PWM4 GPIO PDSR[18] | PSRR[18] — 31 J3 18
DTIN1 DTOUT1 PWM2 GPIO PDSR[17] | PSRR[17] — 37 G4 23
DTINO DTOUTO PWMO GPIO PDSR[16] | PSRR[16] — 36 H4 22
UART 0 UCTSO CANRX — GPIO PDSR[11] | PSRR[11] — 6 C1 4
URTSO CANTX — GPIO PDSR[10] | PSRR[10] — 9 D3 7
URXDO — — GPIO PDSR[9] | PSRRI9] — 7 D1 5
UTXDO — — GPIO PDSR[8] | PSRR[8] — 8 D2 6
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MCF5213 Family Configurations

1.5 External Interrupt Signals

Table 8 describes the external interrupt signals.

Table 8. External Interrupt Signals

Signal Name Abbreviation Function /0

External Interrupts IRQ[7:1] |External interrupt sources. |

1.6 Queued Serial Peripheral Interface (QSPI)

Table 9 describes the QSPI signals.
Table 9. Queued Serial Peripheral Interface (QSPI) Signals

Signal Name Abbreviation Function /0

QSPI Synchronous QSPI_DOUT |Provides the serial data from the QSPI and can be programmedtobe | O
Serial Output driven on the rising or falling edge of QSPI_CLK.

QSPI Synchronous QSPI_DIN |Provides the serial data to the QSPI and can be programmed to be |
Serial Data Input sampled on the rising or falling edge of QSPI_CLK.

QSPI Serial Clock QSPI_CLK |Provides the serial clock from the QSPI. The polarity and phase of (0]
QSPI_CLK are programmabile.

Synchronous Peripheral | QSP1_CS[3:0] |QSPI peripheral chip select; can be programmed to be active highor| O
Chip Selects low.

1.7  1’C I/O Signals

Table 10 describes the 12C serial interface module signals.
Table 10. I2C I/O Signals

Signal Name Abbreviation Function /0

Serial Clock SCL Open-drain clock signal for the for the 1°C interface. When the bus is | 1/O
In master mode, this clock is driven by the 12C module; when the bus
is in slave mode, this clock becomes the clock input.

Serial Data SDA Open-drain signal that serves as the data input/output for the 1’c I/0
interface.

MCF5213 ColdFire Microcontroller, Rev. 3
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MCF5213 Family Configurations

1.8 UART Module Signals

Table 11 describes the UART module signals.
Table 11. UART Module Signals

Signal Name Abbreviation Function /0
Transmit Serial Data UTXDn Transmitter serial data outputs for the UART modules. The output is (0]
Output held high (mark condition) when the transmitter is disabled, idle, or in

the local loopback mode. Data is shifted out, LSB first, on this pin at
the falling edge of the serial clock source.

Receive Serial Data URXDn Receiver serial data inputs for the UART modules. Data is received on I
Input this pin LSB first. When the UART clock is stopped for power-down
mode, any transition on this pin restarts the clock.

Clear-to-Send UCTSn Indication to the UART modules that they can begin data
transmission.

Request-to-Send URTSn Automatic request-to-send outputs from the UART modules. This (0]
signal can also be configured to be asserted and negated as a
function of the RxFIFO level.

1.9 DMA Timer Signals

Table 12 describes the signals of the four DMA timer modules.
Table 12. DMA Timer Signals

Signal Name Abbreviation Function /0
DMA Timer Input DTIN Event input to the DMA timer modules. |
DMA Timer Output DTOUT Programmable output from the DMA timer modules. (0]

1.10 ADC Signals

Table 13 describes the signals of the Analog-to-Digital Converter.
Table 13. ADC Signals

Signal Name Abbreviation Function /0
Analog Inputs AN[7:0] Inputs to the analog-to-digital converter. I
Analog Reference VRH Reference voltage high and low inputs. |
VgL I
Analog Supply Vopa Isolate the ADC circuitry from power supply noise. —
Vssa —
ADC Sync Inputs SYNCA/ |These signals can initiate an analog-to-digital conversion
SYNCB process.

MCF5213 ColdFire Microcontroller, Rev. 3
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MCF5213 Family Configurations

1.11 General Purpose Timer Signals

Table 14 describes the general purpose timer signals.
Table 14. GPT Signals

Signal Name Abbreviation Function /0
General Purpose Timer GPT[3:0] Inputs to or outputs from the general purpose timer module. I/0
Input/Output

1.12 Pulse Width Modulator Signals

Table 15 describes the PWM signals.
Table 15. PWM Signals

Signal Name Abbreviation Function /0

PWM Output Channels | PWM[7:0] |Pulse width modulated output for PWM channels. (0]

1.13 Debug Support Signals

These signals are used as the interface to the on-chip JTAG controller and the BDM logic.
Table 16. Debug Support Signals

Signal Name Abbreviation Function /0
JTAG Enable JTAG_EN |Select between debug module and JTAG signals at reset. I
Test Reset TRST This active-low signal is used to initialize the JTAG logic |
asynchronously.
Test Clock TCLK Used to synchronize the JTAG logic. I
Test Mode Select T™MS Used to sequence the JTAG state machine. TMS is sampled on the |
rising edge of TCLK.
Test Data Input TDI Serial input for test instructions and data. TDI is sampled on the rising |
edge of TCLK.
Test Data Output TDO Serial output for test instructions and data. TDO is tri-stateable and is (0]

actively driven in the shift-IR and shift-DR controller states. TDO
changes on the falling edge of TCLK.

Development Serial DSCLK Development Serial Clock - Internally synchronized input. (The logic |

Clock level on DSCLK is validated if it has the same value on two
consecutive rising bus clock edges.) Clocks the serial communication
port to the debug module during packet transfers. Maximum frequency
is PSTCLK/5. At the synchronized rising edge of DSCLK, the data
input on DSl is sampled and DSO changes state.

Breakpoint BKPT Breakpoint - Input used to request a manual breakpoint. Assertion of |
BKPT puts the processor into a halted state after the current
instruction completes. Halt status is reflected on processor
status/debug data signals (PST[3:0] and PSTDDATA[7:0]) as the
value OxF. If CSR[BKD] is set (disabling normal BKPT functionality),
asserting BKPT generates a debug interrupt exception in the
processor.

MCF5213 ColdFire Microcontroller, Rev. 3
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Electrical Characteristics

1.15 Power and Ground Pins

The pins described in Table 18 provide system power and ground to the chip. Multiple pins are provided for adequate current
capability. All power supply pins must have adequate bypass capacitance for high-frequency noise suppression.

Table 18. Power and Ground Pins

Signal Name Abbreviation Function
PLL Analog Supply VDDPLL, |[Dedicated power supply signals to isolate the sensitive PLL analog
VSSPLL [circuitry from the normal levels of noise present on the digital power
supply.
Positive Supply VDD These pins supply positive power to the core logic.
Ground VSS This pin is the negative supply (ground) to the chip.

2 Electrical Characteristics

This section contains electrical specification tables and reference timing diagrams for the MCF5213 microcontroller unit,
including detailed information on power considerations, DC/AC electrical characteristics, and AC timing specifications.

NOTE

The parameters specified in this data sheet supersede any values found in the module

specifications.

MCF5213 ColdFire Microcontroller, Rev. 3
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Electrical Characteristics

Table 21. Typical Active Current Consumption Specifications

Typical’ Typical’
Characteristic Symbol Active Active Peak? Unit
(SRAM) (Flash)
1 MHz core & I/O Ibb — 3.48 — mA
8 MHz core & 1/0O 7.28 13.37 19.02
16 MHz core & I/O 12.08 25.08 35.66
64 MHz core & I/O 40.14 54.62 85.01
80 MHz core & I/0 49.2 64.09 100.03
RAM standby supply current IsTRY
+  Normal operation: Vpp > Vgrgy - 0.3 V N/A3 N/A3 uA
+ Transient condition: Vgrgy - 0.3V > Vpp > Vgg + 0.5V N/A3 N/A3 mA
Standby operation: Vpp < Vgg + 0.5 V N/A3 N/A3 nA
Analog supply current Ibpa
* Normal operation — — 16 mA
¢ Low-power stop — — 50 pA

1

2.3

Tested at room temperature with CPU polling a status register. All clocks were off except the UART and CFM (when
running from flash memory).

2 Peak current measured with all modules active, and default drive strength with matching load.

3 Due to the errata “Non-functional RAM Standby Supply” in the MCF5213 Device Errata, VgtgyY Should be connected
directly to Vpp and cannot be used for RAM standby operation.

Table 22 lists thermal resistance values.

Thermal Characteristics

Table 22. Thermal Characteristics

Characteristic Symbol Value Unit
100 LQFP  |Junction to ambient, natural convection  |Single layer board (1s) 04a 5312 °C/W
Junction to ambient, natural convection Four layer board (2s2p) 0a 3913 °C/W
Junction to ambient, (@200 ft/min) Single layer board (1s) 0JMA 4213 °C/W
Junction to ambient, (@200 ft/min) Four layer board (2s2p) 0JMA 3313 °C/W
Junction to board — 0,8 254 °C/W
Junction to case — 04c 9° °C/W
Junction to top of package Natural convection ¥t 26 °C/W
Maximum operating junction temperature — T; 105 °C

MCF5213 ColdFire Microcontroller, Rev. 3
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Electrical Characteristics

Table 26. DC Electrical Specifications (continued)1

Characteristic Symbol Min Max Unit

Output high voltage (high drive) VoH Vpp—0.5 — \
IOH =-5mA
Output low voltage (high drive) VoL — 0.5 \Y
IOL =5mA

Output high voltage (low drive) Vou Vpp - 0.5 — \'
IOH =-2mA

Output low voltage (low drive) VoL — 0.5 \Y
|o|_ =2mA

Weak internal pull Up device current, tested at V_ Max.2 lapPU -10 -130 pA
Input Capacitance * Cin pF
¢ All input-only pins — 7

* All input/output (three-state) pins — 7

T Refer to Table 27 for additional PLL specifications.
2 Refer to Table 3 for pins having internal pull-up devices.
8 This parameter is characterized before qualification rather than 100% tested.

2.7 Clock Source Electrical Specifications

Table 27. PLL Electrical Specifications
(VDD and VDDPLL =2.7103.6 V, VSS = VSSPLL =0 V)

Characteristic Symbol Min Max Unit
PLL reference frequency range MHz
* Crystal reference fref_crystal 2 10.0
* External reference fref ext 2 10.0
System frequency ' fsys MHz
¢ External clock mode 0 66.67 or 802
« On-chip PLL frequency for/ 32 66.67 or 80?
Loss of reference frequency 3 ° fLor 100 1000 kHz
Self clocked mode frequency fsem 1 5 MHz
Crystal start-up time 5 © test — 10 ms
EXTAL input high voltage VIHEXT \Y
¢ External reference 2.0 Vb
EXTAL input low voltage VILEXT \Y
¢ External reference Vsg 0.8
PLL lock time*” ol — 500 us
Duty cycle of reference 4 tac 40 60 % frof

MCF5213 ColdFire Microcontroller, Rev. 3
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Electrical Characteristics

Table 27. PLL Electrical Specifications (continued)
(VDD and VDDPLL =2.710 3.6 V, VSS = VSSPLL =0 V)

Characteristic Symbol Min Max Unit
Frequency un-LOCK range fuL -15 15 % fref
Frequency LOCK range flek -0.75 0.75 % fref
CLKOUT period jitter # % 8.9 measured at fgyg Max Ciitter
¢ Peak-to-peak (clock edge to clock edge) — 10 % fsys
¢ Long term (averaged over 2 ms interval) — .01
On-chip oscillator frequency foco 7.84 8.16 MHz

1
2
3
4

[o) )

All internal registers retain data at 0 Hz.

Depending on packaging; see Table 2.

Loss of Reference Frequency is the reference frequency detected internally, which transitions the PLL into self clocked mode.
Self clocked mode frequency is the frequency at which the PLL operates when the reference frequency falls below f g with
default MFD/RFD settings.

This parameter is characterized before qualification rather than 100% tested.

Proper PC board layout procedures must be followed to achieve specifications.

7 This specification applies to the period required for the PLL to relock after changing the MFD frequency control bits in the

synthesizer control register (SYNCR).

Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum fgy.
Measurements are made with the device powered by filtered supplies and clocked by a stable external clock signal. Noise
injected into the PLL circuitry via Vppp | and Vggp | and variation in crystal oscillator frequency increase the Cjiye, percentage
for a given interval.

Based on slow system clock of 40 MHz measured at fg s max.

2.8 General Purpose I/0 Timing

GPI0 can be configured for certain pins of the QSPI, DDR Control, timer, UART, and Interrupt interfaces. When in GP1O mode,
the timing specification for these pins is given in Table 28 and Figure 5.

The GPIO timing is met under the following load test conditions:

* 50 pF /50 Q for high drive
o 25pF/25Q for low drive

Table 28. GPIO Timing

NUM Characteristic Symbol Min Max Unit
G1 CLKOUT High to GPIO Output Valid tcHPov — 10 ns
G2 CLKOUT High to GPIO Output Invalid tcHPol 1.5 — ns
G3 GPIO Input Valid to CLKOUT High tpveH 9 — ns
G4 CLKOUT High to GPIO Input Invalid tcHpl 1.5 — ns

MCF5213 ColdFire Microcontroller, Rev. 3
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Electrical Characteristics

2.10 I%C Input/Output Timing Specifications

Table 30 lists specifications for the 1°C input timing parameters shown in Figure 7.
Table 30. I2C Input Timing Specifications between 12C_SCL and 12C_SDA

Num Characteristic Min Max Units
11 | Start condition hold time 2 xteye — ns
2 |Clock low period 8 x tove — ns
I3 |SCL/SDA rise time (V| .=0.5VtoV|y=2.4V) — 1 ms
4 |Data hold time 0 — ns
I5 |SCL/SDA fall time (V|y=2.4Vto V| =0.5V) — 1 ms
16 |Clock high time 4 x tove — ns
I7 |Data setup time 0 — ns
I8 |Start condition setup time (for repeated start condition only) 2 xteye — ns
19 |Stop condition setup time 2 xteoye — ns

Table 31 lists specifications for the 1°C output timing parameters shown in Figure 7.
Table 31. I2C Output Timing Specifications between 12C_SCL and 12C_SDA

Num Characteristic Min Max Units
11" |Start condition hold time 6 x toye — ns
12! |Clock low period 10 x toye — ns
182 |12C_SCL/I2C_SDA rise time — — Hs

(ViL=0.5VtoVy=24V)
14! |Data hold time 7 x teye — ns
153  |12C_SCL/I2C_SDA fall time — 3 ns
(Viy=2.4VtoV, =0.5V)
16"  |Clock high time 10 x toye — ns
17! |Data setup time 2 x toye — ns
I8! |Start condition setup time (for repeated start 20 x teyc — ns

condition only)

19" | Stop condition setup time 10 x teye — ns

1 Output numbers depend on the value programmed into the IFDR; an IFDR programmed with the
maximum frequency (IFDR = 0x20) results in minimum output timings as shown in Table 31. The 1’C
interface is designed to scale the actual data transition time to move it to the middle of the SCL low
period. The actual position is affected by the prescale and division values programmed into the IFDR,;
however, the numbers given in Table 31 are minimum values.

Because SCL and SDA are open-collector-type outputs, which the processor can only actively drive
low, the time SCL or SDA take to reach a high level depends on external signal capacitance and pull-up
resistor values.

3 Specified at a nominal 50-pF load.

MCF5213 ColdFire Microcontroller, Rev. 3
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Table 32. ADC Parameters’ (continued)

Electrical Characteristics

Name Characteristic Min Typical Max Unit
THD Total harmonic distortion — -75 — dB
SFDR  |Spurious free dynamic range — 67 to 70.3 — dB
SINAD |Signal-to-noise plus distortion — 61 t0 63.9 — dB
ENOB |Effective number of bits 9.1 10.6 — Bits

N o o M W =

INL measured from V|\ = VgepL t0 ViN = VREFH
LSB = Least Significant Bit
INL measured from V|y = 0.1Vgggy to Viy = 0.9VRgrH
Includes power-up of ADC and VRgg
ADC clock cycles

Current that can be injected or sourced from an unselected ADC signal input without impacting the performance of the ADC

2.12 Equivalent Circuit for ADC Inputs

Figure 10-17 shows the ADC input circuit during sample and hold. S1 and S2 are always open/closed at the same time that S3
is closed/open. When S1/S2 are closed & S3 is open, one input of the sample and hold circuit moves to (Vgregrn-VrerL)/2, While
the other charges to the analog input voltage. When the switches are flipped, the charge on C1 and C2 are averaged via S3, with
the result that a single-ended analog input is switched to a differential voltage centered about (Vgreen-VrerL)/2. The switches
switch on every cycle of the ADC clock (open one-half ADC clock, closed one-half ADC clock). There are additional
capacitances associated with the analog input pad, routing, etc., but these do not filter into the S/H output voltage, as S1 provides
isolation during the charge-sharing phase. One aspect of this circuit is that there is an on-going input current, which is a function
of the analog input voltage, Vgge and the ADC clock frequency.

el

Analog Input

125W ESD Resistor

1

oL O

connected to it at sampling time; 1.4pF
5. Equivalent input impedance, when the input is selected =

T
£

(®)

8pF noise damping capacitor

S1

C1

S/H

(VRerH- VRerL)/ 2

c2

(ADC Clock Rate) x (1.4x10712)

Figure 8. Equivalent Circuit for A/D Loading

MCF5213 ColdFire Microcontroller, Rev. 3

C1=C2=1pF

Parasitic capacitance due to package, pin-to-pin and pin-to-package base coupling; 1.8pF

Parasitic capacitance due to the chip bond pad, ESD protection devices and signal routing; 2.04pF
Equivalent resistance for the channel select mux; 100 Qs
Sampling capacitor at the sample and hold circuit. Capacitor C1 is normally disconnected from the input and is only

All measurements are preliminary pending full characterization, and made at Vpp = 3.3V, Vrgpy = 3.3V, and Vggg = ground

Freescale Semiconductor
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3 Mechanical Outline Drawings

This section describes the physical properties of the MCF5213 and its derivatives.

3.1 64-pin LQFP Package
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3.2 64 QFN Package
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NOTES:
1. ALL DIMENSIONS IN MILLIMETERS.
2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.
& MAXIMUM SOLDER BALL DIAMETER MEASURED PARALLEL TO DATUM A.

DATUM A, THE SEATING PLANE, IS DETERMINED BY THE SPHERICAL CROWNS OF THE
SOLDER BALLS.

PARALLELISM MEASUREMENT SHALL EXCLUDE ANY EFFECT OF MARK ON TOP SURFACE

OF PACKAGE.
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TITLE: PBGA, LOW PROFILE, DOCUMENT NO: 98ASA10670D REV: O
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