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1 Overview

The MAC7100 Family of microcontrollers (MCUs) are members of a pin-compatible family
of 32-bit Flash-memory-based devices developed specifically for embedded automotive
applications. The pin-compatible family concept enables users to select between different
memory and peripheral options for scalable designs. All MAC7100 Family members are
composed of a 32-bit central processing unit (ARM7TDMI-S), up to 512Kbytes of embedded
Flash EEPROM for program storage, up to 32Kbytes of embedded Flash for data and/or
program storage, and up to 32Kbytes of RAM. The family is implemented with an enhanced
DMA (eDMA) controller to improve performance for transfers between memory and many of
the on-chip peripherals. The peripheral set includes asynchronous serial communications
interfaces (eSCI), serial peripheral interfaces (DSPI), inter-integrated circuit (12C) bus
controllers, FlexCAN interfaces, an enhanced modular I/O subsystem (eMIOS), 10-bit
analog-to-digital converter (ATD) channels, general-purpose timers (PIT) and two
special-purpose timers (RTI and SWT). The peripherals share a large number of general
purpose input-output (GPIO) pins, all of which are bidirectional and available with interrupt
capability to trigger wake-up from low-power chip modes.

The inclusion of a PLL circuit allows power consumption and performance to be adjusted to
suit operational requirements. The operating frequency of devices in the family is up to a
maximum of 50 MHz. The internal data paths between the CPU core, eDMA, memory and
peripherals are all 32 bits wide, further improving performance for 32-bit applications. The
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MAC7111 and MAC7131 also offer a 16-bit wide external data bus with 22 address lines. The family of

devices is capable of operating over a junction temperature range of -40° C to 150° C.

Table 1 provides a comparison of members of the MAC7100 Family and the availability of peripheral
modules on the various devices.

Table 1. MAC7100 Family Device Derivatives

Module Options MAC7101 MAC7111 MAC7121 MAC7131 MAC7141
Program Flash 512Kbytes 512Kbytes 512Kbytes 512Kbytes 512Kbytes
Data Flash 32Kbytes 32Kbytes 32Kbytes 32Kbytes 32Kbytes
SRAM 32Kbytes 32Kbytes 32Kbytes 32Kbytes 32Kbytes
External Bus No Yes No Yes No
ATD Modules 2 1 1 2 1
CAN Modules 4 4 4 4 2
eSCIl Modules 4 4 4 4 2
DSPI Modules 2 2 2 2 2
12C Modules 1 1 1 1 1
eMIOS Module 16 channels, 16 channels, 16 channels, 16 channels, 16 channels,
16-bit 16-bit 16-bit 16-bit 16-bit
Timer Module 10 channels, 10 channels, 10 channels, 10 channels, 10 channels,
24-bit 24-bit 24-bit 24-bit 24-bit
GPIO Pins (max.) 111 111 84 127 71
Package 144 LQFP 144 LQFP 112 LQFP 208 MAP BGA 100 LQFP

2 Ordering Information

MAC7101CPV50xx

MC Status —T
Core Code
Core Number

Generation / Family
Package Option

Temperature Option
C=-40°Cto 85°C
V= -40°Cto 105° C
M=-40°Cto 125°C

Device Number Package Option
Temperature Range FU= 100 QFP
Package Identifier PV = 112/144 LQFP

Speed (MHz)
Optional Package Identifiers

Figure 1. Order Part Number Example
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3 Electrical Characteristics

This section contains electrical information for MAC7100 Family microcontrollers. The information is
preliminary and subject to change without notice.

MAC7100 Family devices are specified and tested over the 5 V and 3.3 V ranges. For operation at any
voltage within that range, the 3.3 V specifications generally apply. However, no production testing is done
to verify operation at intermediate supply voltage levels.

3.1 Parameter Classification

The electrical parameters shown in this appendix are derived by various methods. To provide a better
understanding to the designer, the following classification is used. Parameters are tagged accordingly in in
the column labeled “C” of the parametric tables, as appropriate.

Table 2. Parametric Value Classification

P Parameters guaranteed during production testing on each individual device.

C Parameters derived by the design characterization and by measuring a statistically relevant
sample size across process variations.

T Parameters derived by design characterization on a small sample size from typical devices
under typical conditions (unless otherwise noted). All values shown in the typical column
are within this classification, even if not so tagged.

D Parameters derived mainly from simulations.

3.2 Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only. Functional operation outside these maximums is not
guaranteed. Stress beyond these limits may affect reliability or cause permanent damage to the device.

MAC7100 Family devices contain circuitry protecting against damage due to high static voltage or
electrical fields; however, it is advised that normal precautions be taken to avoid application of any voltages
higher than maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if
unused inputs are tied to an appropriate logic voltage level (for example, either Vg5 or Vpp5).

Table 3. Absolute Maximum Ratings

Num Rating Symbol Min Max Unit
A1l 1/0, Regulator and Analog Supply Voltage Vpp5 -0.3 +6.0 \%
A2 |Digital Logic Supply Voltage 1 Vpp2.5 -0.3 +3.0 \Y,
A3 |PLL Supply Voltage ' VppPLL -0.3 +3.0 \Y,
A4 |ATD Supply Voltage VppA -0.3 +6.5 \Y,
A5 |Analog Reference VRH, VRL -0.3 +6.0 \
A6 |Voltage difference VppX to VppA AvpDX -0.3 +0.3 \Y
A7  |Voltage difference VggX to VggA Ayssx -0.3 +0.3 \
A8 |Voltage difference Vgy — VrL VrH — VRL -0.3 +6.5 \
A9 |Voltage difference VppA — Vry VppA — VrH —6.5 +6.5 \Y
A10 |Digital I/O Input Voltage VN -0.3 +6.0 \%
MOTOROLA MAC7100 Microcontroller Family Hardware Specifications 3
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Table 3. Absolute Maximum Ratings (continued)

Num Rating Symbol Min Max Unit
A11  |XFC, EXTAL, XTAL inputs Vi -0.3 +3.0 \Y,
A12 |TEST input V1EST -0.3 +10.0 \
Instantaneous Maximum Current 2
A13 Single pin limit for XFC, EXTAL, XTAL 3 oL -25 +25 mA
A14 Single pin limit for all digital /0 pins 4 ID -25 +25 mA
A15 Single pin limit for all analog input pins 4 IDA -25 +25 mA
A16 Single pin limit for TEST 5 IDT -0.25 0 mA
A17 |Storage Temperature Range TStg -65 +155 °C

absolute maximum ratings apply when the device is powered from an external source.

The device contains an internal voltage regulator to generate the logic and PLL supply from the 1/0 supply. The

Input must be current limited to the value specified. To determine the value of the required current-limiting resistor,

calculate resistance values using Vposciamp = VopA + 0.3 V and VyegeLame = —0.3 'V, then use the larger of the

calculated values.

3.3 ESD Protection and Latch-up Immunity

These pins are internally clamped to VggPLL and VppPLL.
All'l/O pins are internally clamped to VggX and VppX, VggR and VppR or VggA and VppA.
This pin is clamped low to VggX, but not clamped high, and must be tied low in applications.

All ESD testing is in conformity with CDF-AEC-Q100 Stress test qualification for Automotive Grade
Integrated Circuits. During the device qualification ESD stresses were performed for the Human Body

Model (HBM), the Machine Model (MM) and the Charge Device Model.

A device is defined as a failure if after exposure to ESD pulses the device no longer meets the device
specification. Complete DC parametric and functional testing is performed per the applicable device
specification at room temperature followed by hot temperature, unless specified otherwise.

Table 4. ESD and Latch-up Test Conditions
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Model Description Symbol Value Unit
Human Body Series Resistance R1 1500 Ohm
Storage Capacitance C 100 pF
Number of Pulses per pin — —
positive 3
negative 3
Machine Series Resistance R1 0 Ohm
Storage Capacitance C 200 pF
Number of Pulse per pin — —
positive 3
negative 3
Latch-up Minimum input voltage limit -2.5 \%
Maximum input voltage limit 7.5 \%
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Table 5. ESD and Latch-Up Protection Characteristics

Num | C Rating Symbol Min Max Unit
B1 | C |Human Body Model (HBM) VM 2000 — \Y
B2 | C |Machine Model (MM) Vi 200 — \Y
B3 | C |Charge Device Model (CDM) Veoum 500 — \Y
B4 | C |Latch-up Current at Ty = 125°C AT mA

positive +100 —
negative -100
B5 | C |Latch-up Current at Ty = 27°C AT — mA
positive +200
negative -200

3.4

Operating Conditions

Unless otherwise noted, the following conditions apply to all parametric data. Refer to the temperature
rating of the device (C, V, M) with respect to ambient temperature (T, ) and junction temperature (Ty). For
power dissipation calculations refer to Section 3.5, “Power Dissipation and Thermal Characteristics.”

Table 6. MAC7100 Family Device Operating Conditions

Num Rating Symbol Min Typ Max Unit
C1 |l/O, Regulator and Analog Supply Voltage Vppb 4.5 5 5.5 Vv
C2 |Digital Logic Supply Voltage * Vpp2.5 2.35 25 2.75 \%
C3 |PLL Supply Voltage ' VppPLL 2.35 2.5 2.75 Y,
C4 |Voltage Difference VppX to VppA AyppX -0.1 0 0.1 \
C5 |Voltage Difference VggX to VggA AygsX -0.1 0 0.1 \Y
C6 |Oscillator Frequency fosc 0.5 — 16 MHz
C7 |Bus Frequency fous 0.5 — 50 MHz
C8a | MAC7100C| Operating Junction Temperature Range TJ —40 — 110 °C
C8b Operating Ambient Temperature Range 2 TA —40 25 85 °C
C9a | MAC7100V| Operating Junction Temperature Range TJ —40 — 130 °C
C9b Operating Ambient Temperature Range 2 TA —40 25 105 °C

C10a | MAC7100M| Operating Junction Temperature Range TJ —40 — 150 °C

C10b Operating Ambient Temperature Range 2 TA —40 25 125 °C

1

The device contains an internal voltage regulator to generate the logic and PLL supply from the 1/O supply. The

absolute maximum ratings apply when this regulator is disabled and the device is powered from an external source.
2 Please refer to Section 3.5, “Power Dissipation and Thermal Characteristics,” for more details about the relation
between ambient temperature T, and device junction temperature T.
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3.41 5VI/OPins

The I/O pins operate at a nominal level of 5 V. This class of pins is comprised of the clocks, control and general
purpose/peripheral pins. The internal structure of these pins is identical; however, some functionality may be
disabled (for example, for analog inputs the output drivers, pull-up/down resistors are permanently disabled).

3.4.2 Oscillator Pins

The pins XFC, EXTAL, XTAL are dedicated to the oscillator and operate at a nominal level of 2.5 V.

3.5 Power Dissipation and Thermal Characteristics
Power dissipation and thermal characteristics are closely related. The user must assure that the maximum
operating junction temperature is not exceeded.

Note that the JEDEC specification reserves the symbol Rgjs or 055 (Theta-JA) strictly for junction-to-
ambient thermal resistance on a ls test board in natural convection environment. Rgypa Or Opva
(Theta-JMA) will be used for both junction-to-ambient on a 2s2p test board in natural convection and for
junction-to-ambient with forced convection on both 1s and 2s2p test boards. It is anticipated that the generic
name, 0;,, will continue to be commonly used.

The average chip-junction temperature (Tj) in °C is obtained from:
T, =Tar+(0O,)
T, = Junction Temperature (°C)
T, = Ambient Temperature (°C)
Pp = Total Chip Power Dissipation (W)
0,5 = Package Thermal Resistance (°C/W)
The total power dissipation is calculated from:
Po = Pnt*Pio
P\nt = Chip Internal Power Dissipation (W)
Pt = (oo * Vo) + (IppPLL x VppPLL) + (IgpA x VppA)
Two cases for P, with the internal voltage regulator enabled and disabled, must be considered:

1. Internal Voltage Regulator disabled:

Pio = ZRDSON : (lloi)2

1

P|o is the sum of all output currents on I/O ports associated with VppX and VppR.

R Yo (for outputs driven low)
DSON ~ 7 p
or
Vppd -V
Rpson = % (for outputs driven high)

2. Internal voltage regulator enabled:
Pint = (ppR x VppR) + (IppA x VppA)

IppR is the current shown in Table 12 and not the overall current flowing into VppR, which
additionally contains the current flowing into the external loads with output high.
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3.5.1

Power Dissipation Simulation Details

Table 7. Thermal Resistance for 100 lead 14x14 mm LQFP, 0.5 mm Pitch '

Rating Value | Unit | Comments
Junction to Ambient (Natural Convection) Single layer board (1s) RoJA 44 °C/W 1,2
Junction to Ambient (Natural Convection) Four layer board (2s2p) RoJMA 34 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Single layer board (1s) RoJMA 37 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Four layer board (2s2p) RoJMA 29 °C/W 1,3
Junction to Board RoJB 18 °C/W 4
Junction to Case RoJC 7 °C/W 5
Junction to Package Top Natural Convection YiT 2 °C/W 6
100 LQFP, Case Outline: 983-02
Table 8. Thermal Resistance for 112 lead 20x20 mm LQFP, 0.65 mm Pitch '
Rating Value Unit | Comments
Junction to Ambient (Natural Convection) Single layer board (1s) ReJA 42 °C/W 1,2
Junction to Ambient (Natural Convection) Four layer board (2s2p) RoJMA 34 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Single layer board (1s) RoJMA 35 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Four layer board (2s2p) RoJMA 30 °C/W 1,3
Junction to Board RoJB 22 °C/W 4
Junction to Case ReJc 7 °C/W 5
Junction to Package Top Natural Convection YIT 2 °C/W 6
' 112 LQFP, Case Outline: 987-01
Table 9. Thermal Resistance for 144 lead 20x20 mm LQFP, 0.5 mm Pitch *
Rating Value Unit | Comments
Junction to Ambient (Natural Convection) Single layer board (1s) RoJA 42 °C/W 1,2
Junction to Ambient (Natural Convection) Four layer board (2s2p) RoJMA 34 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Single layer board (1s) RoJMA 35 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Four layer board (2s2p) RoJMA 30 °C/W 1,3
Junction to Board RoJB 22 °C/W 4
Junction to Case ReJC 7 °C/W 5
Junction to Package Top Natural Convection YyT 2 °C/W 6
1 144 LQFP, Case Outline: 918-03
Table 10. Thermal Resistance for 208 lead 17x17 mm MAP, 1.0 mm Pitch !
Rating Value | Unit | Comments
Junction to Ambient (Natural Convection)  |Single layer board (1s) ReJA 46 °C/W 1,2
Junction to Ambient (Natural Convection) Four layer board (2s2p) RoJMA 29 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Single layer board (1s) RoJMA 38 °C/W 1,3
Junction to Ambient (@ 200 ft./min.) Four layer board (2s2p) RoJMA 26 °C/W 1,3
Junction to Board RoJB 19 °C/W 4
Junction to Case RoJc 7 °C/W 5
Junction to Package Top Natural Convection YiT 2 °C/W 6

1 208 MAP BGA, Case Outline: 1159A-01
Comments:

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board)
temperature, ambient temperature, air flow, power dissipation of other components on the board, and board thermal resistance.

2. Per SEMI G38-87 and JEDEC JESD51-2 with the single layer board (JESD51-3) horizontal.

3. Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.

4. Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on the top
surface of the board at the center lead. For fused lead packages, the adjacent lead is used.

5. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).

6. Thermal characterization parameter indicating the temperature difference between package top and junction temperature per JEDEC

JESD51-2. When Greek letters are not available, the thermal characterization parameter is written as Psi-JT.
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Table 11. Power Dissipation 1/8 Simulation Model Packaging Parameters

Component Conductivity
Mold Compound 0.9 W/mK
Leadframe (Copper) 263 W/im K
Die Attach 1.7 W/m K

3.6 Power Supply

The MAC7100 Family utilizes several pins to supply power to the oscillator, PLL, digital core, I/O ports
and ATD. In the context of this section, Vpp5 is used for VppA, VppR or VppX; Vgg5 is used for VggA,
VggR or VggX unless otherwise noted. Ipp5 denotes the sum of the currents flowing into the VppA, VppX,
and VppR. Vpp is used for Vpp2.5, and VppPLL, Vg is used for Vgg2.5 and VqgPLL. I is used for the
sum of the currents flowing into Vpp2.5 and VppPLL.

3.6.1 Current Injection

The power supply must maintain regulation within the Vpp5 or Vpp2.5 operating range during
instantaneous and operating maximum current conditions. If positive injection current (V;, > Vpp5) is
greater than Ipp35, the injection current may flow out of Vpp5 and could result in the external power supply
going out of regulation. It is important to ensure that the external Vpp5 load will shunt current greater than
the maximum injection current. The greatest risk will be when the MCU is consuming very little power (for
example, if no system clock is present, or if the clock rate is very low).

3.6.2 Power Supply Pins

The VppR — VggR pair supplies the internal voltage regulator. The VppA — VggA pair supplies the A/D
converter and the reference circuit of the internal voltage regulator. The VppX — VggX pair supplies the I/O
pins. VppPLL — VggPLL pair supplies the oscillator and PLL.

All VppX pins are internally connected by metal. All VggX pins are internally connected by metal. All
Vg¢s2.5 pins are internally connected by metal. VppA, VppX and VppR as well as VggA, VggX and VggR
are connected by anti-parallel diodes for ESD protection.

3.6.3 Supply Currents

All current measurements are without output loads. Unless otherwise noted the currents are measured in
single chip mode, internal voltage regulator enabled and at 40MHz bus frequency using a 4MHz oscillator
in low power mode. Production testing is performed using a square wave signal at the EXTAL input.

In expanded modes, the currents flowing in the system are highly dependent on the load at the address, data
and control signals as well as on the duty cycle of those signals. No generally applicable numbers can be
given. A good estimate is to take the single chip currents and add the currents due to the external loads.
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Table 12. Supply Current Characteristics

Electrical Characteristics

Num Rating Symbol Typ Max Unit
D1a Run Supply Current —40°C IppReore —1 1 mA
Single Chip ° 25°C 1 1 mA
[ 85°C?2 —1 —1 mA
©  105°¢2 1 — mA
125° C 2 —_1 _1 mA
D1b o~ —40°C IDDRreg —1 —1 mA
g8 25°C — — mA
S & 85C?2 — T mA

25 2 T T
© @ 105°C — — mA

e 2 1 1
125°C — — mA
D1c —-40°C IDDRpins 1 _1 mA
25°C —1 —1 mA

[72]
£ 85°C 2 — — mA
105° C 2 —1 —1 mA
125°C?2 —1 —1 mA
D2 Doze Supply Current Run > Doze > Pseudo Stop

D3a Psuedo Stop Current —40°C IopPScore —1 T nA

o T T
PLL on 0 25°C _ — WA
s 85° C 2 _ 1 — 1 HA
©  105°c?2 — — A
125° C2 —1 1 A
D3b . —40°C IopPSreg — — iy
% 25°C 278/3273 —1 pA
S 85°C 2 _ 1 _ 1 “-A
g  105°C2 — —1 LA

e 2 T T
125°C — — A
D3c -40°C IooPSpins — —1 A
w 25°C 4/53 — LA
£ 85°C 2 —7 —1 uA
105°C 2 —7 —1 uA
125°C2 —1 1 A
D4a Stop Current —40°C IppScore -1 —T A
T, =Ty assumed o 25°C 1 1 WA
3 85° C 2 _ 1 —_ 1 “-A
© 105° C 2 —_1 _1 LA
125° C 2 —1 —1 A
D4b - —40°C IDDSreg — —1 A
8 25°C 68 —1 pA

= 2 T T
S 85°C — — pA
g  105°C? — — A

x 2 T T
125°C — — A
D4c -40°C IobSpins —1 — nA
25°C 4 —1 pA

2 2 1 1
E 85°C — — HA
105° C 2 —1 1 A
125° C 2 —1 —1 A

1

2 85°C, 105°C, and 125°C refer to the "C", "V", and "M" Temperature Options, respectively.
3 RTI disabled / enabled.
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3.6.4 Voltage Regulator Characteristics

Table 13. VREG Operating Conditions

Num Characteristic Symbol Min Typical Max Unit
E1 Input Voltages VvDDRA 2.97 — 5.5 \Y
E2 Regulator Current IReG

Reduced Power Mode — TBD 50 A
Shutdown Mode — TBD 40 pA
E3 Output Voltage Core Vbop
Full Performance Mode 2.45 2.5 2.75 V
Reduced Power Mode 1.60 25 2.75 \%
Shutdown Mode — —1 — v
E4 Output Voltage PLL VppPLL
Full Performance Mode 2.35 2.5 2.75 V
Reduced Power Mode 2 2.00 2.5 2.75 \Y,
Reduced Power Mode 3 1.60 2.5 2.75 \Y;
Shutdown Mode — 1 — \
E5 Low Voltage Interrupt 4
Assert Level Vivia 4.10 4.37 4.66 \
Deassert Level Vivip 4.25 4.52 4.77 \
E6 Low Voltage Reset °
Assert Level VivRA 2.25 2.35 — \Y
E7 Power On Reset ©
Assert Level Vpora 0.97 — — V
Deassert Level VpoRrRD — — 2.05 V
1 High Impedance Output.
2 Current IppPLL = 1mA (Low Power Oscillator).
3" Current IppPLL = 3mA (Standard Oscillator).
4

&)}
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Monitors VppA, active only in full performance mode. Indicated 1/O and ATD performance degradation due to low supply
voltage.

Monitors Vpp2.5, active only in full performance mode. Only POR is active in reduced performance mode.
Monitors VppZ2.5, active in all modes.
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3.6.5 Chip Power Up and Voltage Drops

The VREG sub-modules LVI (low voltage interrupt), POR (power on reset) and LVR (low voltage reset)
handle chip power-up or drops of the supply voltage. Refer to Figure 2.

Voltage

A VDDA
N/EY/ 153 S N> oo
VIVA [=7 """ """ T T e e T e N Ty T

| |
|
: . Vpp2.5
| |
| |
VLVRD ___________________ T T T :___ ____:_ |___
VIVRA [T~~~ "~~~ Ao m ot oo I
VPORD ______________ I_____I ___________ :____7___1'__:____
! : I : Lo
! I I | [
! | | | I
| | |
| | IR _
t T T T =
[ | - ' LVI Disabled  Time
LVI | | : : LVI Enabled due to LVR
i | ! 1
POR __—— | | l :
LVR | | |

Note: Not to scale.
Figure 2. VREG Chip Power-up and Voltage Drops

3.6.6 Output Loads

The on-chip voltage regulator is intended to supply the internal logic and oscillator circuits. No external DC
load is allowed. Capacitive loads are specified in Table 14. Capacitors with X7R dielectricum are required.

Table 14. VREG Recommended Load Capacitances

Rating Symbol Min Typ Max Unit
Load Capacitance on each Vpp2.5 pin CLvDD 200 440 12000 nF
Load Capacitance on VppPLL pin CLvDDfePLL 90 220 5000 nF
MOTOROLA MAC7100 Microcontroller Family Hardware Specifications 11
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3.7 1/0 Characteristics

This section describes the characteristics of all I/O pins in both 3.3 V and 5 V operating conditions. All
parameters are not always applicable; for example, not all pins feature pull up/down resistances.

Table 15. 5 V I/O Characteristics

Conditions shown in Table 6 unless otherwise noted

Num |C Rating Symbol | Min Typ Max Unit
F1a | P |Input High Voltage VIH 0.65 x — — \%
Vppb
F1b | T |Input High Voltage ViH — — Vpp5 + \Y,
0.3
F2a | P |Input Low Voltage VIL — — 0.35 x \%
Vppb
F2b | T [Input Low Voltage Vi Vgsb — — — \Y
0.3
F3 | C |Input Hysteresis VHYS — 250 — mV
F4 |P |Input Leakage Current (pins in high impedance input mode) ! Iin TBD — TBD pA
Vin = VDDS or V335
F5 | P |Output High Voltage (pins in output mode) Vou | VopS- — — \
Partial Drive |loH = —2mA 0.8
Full Drive Iy =—-10mA
F6 | P |Output Low Voltage (pins in output mode) VoL — — 0.8 \

Partial Drive Ig_ = +2mA
Full Drive g = +10mA

F7 | P |Internal Pull Up Device Current, IpuL — — -130 pA
tested atV Max.

F8 | P |Internal Pull Up Device Current, IpuH -10 — — pA
tested at VIH Min.

F9 | P |Internal Pull Down Device Current, lppH — — 130 pA
tested at vV, Min.

F10 | P (Internal Pull Down Device Current, lpDL 10 — — pA
tested at V”_ Max.

F11 | D |Input Capacitance Cin — 6 — pF
F12 | T |Injection current 2 — pA
Single Pin limit lics -2.5 25
Total Device Limit. Sum of all injected currents licp -25 25
F13 | P |Port Interrupt Input Pulse filtered 3 truLsE — — 3 us
F14 |P |Port Interrupt Input Pulse passed 3 tpuLsE 10 — — Hs

T Maximum leakage current occurs at maximum operating temperature. Current decreases by approximately one-half

for each 8°C to 12°C in the temperature range from 50°C to 125°C.
2 Refer to Section 3.6.1, “Current Injection,” for more details
3 Parameter only applies in STOP or Pseudo STOP mode.
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Table 16. 3.3 V I/O Characteristics

Conditions shown in Table 6, with VppX = 3.3 V #10% and a temperature maximum of +140°C unless otherwise noted.
Num |C Rating Symbol | Min Typ Max Unit
G1a | P |Input High Voltage VIH 0.65 x — — \%
Vpp5
G1b | T |Input High Voltage VIH — — Vpp5 + V
0.3
G2a | P |Input Low Voltage V”_ — — 0.35 x Vv
Vpp5
G2b | T |Input Low Voltage Vi Vggb — — — \Y,
0.3
G3 | C [Input Hysteresis VHYS — 250 — mV
G4 | P |Input Leakage Current (pins in high impedance input mode) Iin TBD — TBD pA
Vin = VDD5 or VSSS
G5 | P [Output High Voltage (pins in output mode) VOH Vpp5 - — — \%
Partial Drive IoH =—-0.75mA 0.4
Full Drive IoH = —4.5mA
G6 | P |Output Low Voltage (pins in output mode) VOL — — 0.4 \Y,
Partial Drive |g| = +0.9mA
Full Drive IgL = +5.5mA
G7 | P |Internal Pull Up Device Current, IpuL — — —60 pA
tested at V”_ Max.
G8 | P |Internal Pull Up Device Current, lpuH —6 — — pA
tested at vV Min.
G9 | P |Internal Pull Down Device Current, lpDH — — 60 pA
tested at VIH Min.
G10 | P {Internal Pull Down Device Current, lppoL 6 — — pA
tested atV Max.

G11 | D |Input Capacitance Cin — 6 — pF
G12 | T |Injection current 2 — pA
Single Pin limit lics -2.5 25
Total Device Limit. Sum of all injected currents licp —25 25
G13 | P |Port Interrupt Input Pulse filtered 3 tpuLsE — — 3 Hs
G14 | P |Port Interrupt Input Pulse passed 3 tPuLSE 10 — — us

1

for each 8°C to 12°C in the temperature range from 50°C to 125°C.
2 Refer to Section 3.6.1, “Current Injection,” for more details
Parameter only applies in STOP or Pseudo STOP mode.
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3.8 Clock and Reset Generator Electrical
Characteristics

This section describes the electrical characteristics for the oscillator, phase-locked loop, clock monitor and
reset generator.

3.8.1 Oscillator Characteristics

The MAC7100 Family features an internal low power loop controlled Pierce oscillator and a full swing Pierce
oscillator/external clock mode. The selection of loop controlled Pierce oscillator or full swing Pierce
oscillator/external clock depends on the level of the XCLKS signal at the rising edge of the RESET signal.
Before asserting the oscillator to the internal system clock distribution subsystem, the quality of the
oscillation is checked for each start from either power on, STOP or oscillator fail. tcqoyr specifies the
maximum time before switching to the internal self clock mode after POR or STOP if a proper oscillation is
not detected. The quality check also determines the minimum oscillator start-up time t;pogc. The device also
features a clock monitor. A Clock Monitor Failure is asserted if the frequency of the incoming clock signal
is below the Clock Monitor Assert Frequency frypa-

Table 17. Oscillator Characteristics

Num |C Rating Symbol Min Typ Max Unit
H1a | C |Crystal oscillator range (loop controlled Pierce) fosc 4.0 — 16 MHz
H1b | C |Crystal oscillator range (full swing Pierce) -2 fosc 0.5 — 40 MHz
H2 | P |Startup Current losc 100 — — pA
H3 | C |Oscillator start-up time (loop controlled Pierce) tuposc — TBD3 504 ms
H4 | D [Clock Quality check time-out tcaouT 0.45 — 25 ]
H5 | P |Clock Monitor Failure Assert Frequency fomea 50 100 200 KHz
H6 | P |External square wave input frequency 2 fexT 0.5 — 40 MHz
H7 | D |External square wave pulse width low texTL 9.5 — — ns
H8 | D |External square wave pulse width high tEXTH 9.5 — — ns
H9 | D |External square wave rise time texTR — — 1 ns
H10 | D |External square wave fall time texTE — — 1 ns
H11 | D |Input Capacitance (EXTAL, XTAL pins) Cin — 7 — pF
H12 | C |EXTAL pin DC Operating Bias in loop controlled | Vpcgias — TBD — \Y

mode
1 Depending on the crystal; a damping series resistor might be necessary
2 XCLKS negated during reset
j fsc =4 MHz, C = 22 pF.

Maximum value is for extreme cases using high Q, low frequency crystals
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3.8.2 PLL Filter Characteristics

The oscillator provides the reference clock for the PLL. The voltage controlled oscillator (VCO) of the PLL
is also the system clock source in self clock mode. In order to operate reliably, care must be taken to select
proper values for external loop filter components.

VppPLL
T T
Phase
Detector R VCO
1 fReF
foce—>» ———— —> K . ——> K > f
osc REFDV+1 b v VCO
fomp Loop Divider
1 < 1L
SYNR+1 | 2 |

Figure 3. Basic PLL Functional Diagram

The procedure described below can be used to calculate the resistance and capacitance values using typical
values for K, f; and iy, from Table 18. First, the VCO Gain at the desired VCO output frequency is
approximated by:

(f1 _ fVCO)
Ky -1V
Ky = K4 k
The phase detector relationship is given by:
Ko = —licn| - Ky

i.p 18 the current in tracking mode. The loop bandwidth f- should be chosen to fulfill the Gardner’s stability
criteria by at least a factor of 10, typical values are 50. { = 0.9 ensures a good transient response.

2.6 fg

n-(E+A1+C )

And finally the frequency relationship is defined as

fo (50—>fc 4ffef (¢ = 09))

fVCO

n = =2-(synr+1)
fref
With the above inputs the resistance can be calculated as:
2 : TE N n N fC
KCD

The capacitance Cgq can now be calculated as:

Cq = g 0516 (C 0.9)

T - fC
The capacitance Cp should be chosen in the range of:
Cg+20<Cp<Cg+10

The stabilization delays shown in Table 18 are dependant on PLL operational settings and external
component selection (for example, crystal, XFC filter).
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3.8.2.1 Jitter Information

The basic functionality of the PLL is shown in Figure 3. With each transition of the clock f;,,, the deviation
from the reference clock f,.ris measured and input voltage to the VCO is adjusted accordingly. The adjustment
is done continuously with no abrupt changes in the clock output frequency. Noise, voltage, temperature and
other factors cause slight variations in the control loop resulting in a clock jitter. This jitter affects the real
minimum and maximum clock periods as illustrated in Figure 4. It is important to note that the pre-scaler used
by timers and serial modules will eliminate the effect of PLL jitter to a large extent.

N-1

l mi iml i ami

tmin(N)
< tmax(N) >

Y

Figure 4. Jitter Definitions

The relative deviation of tyg) 1s at its maximum for one clock period, and decreases towards zero for larger
number of clock periods (N). Thus, jitter is defined as:

For N < 100, the following equation is a good fit for the maximum jitter:

~twax(N)

1 tmin(N)
“tnom

J(N) =
(N) max( N- tyyoy

1

i
J(N) = —+
(N) JN I

JIN) A

| | | | | -
01 5 10 15 20

Figure 5. Maximum Bus Clock Jitter Approximation

P4
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Electrical Characteristics

3.8.3

PLL Characteristics

Table 18. PLL Characteristics

Num | C Rating Symbol Min Typ Max Unit
J1 PLL reference frequency, crystal oscillator range 1 fRerF 0.5 — 16 MHz
J2 | P |Self Clock Mode frequency fscm 1 — 5.5 MHz
J3 | D |VCO locking range fvco 8 — 40 MHz
J4 | D |Lock Detector transition from Acquisition to Tracking mode|  |Ayyl 3 — 4 % 2
J5 | D |Lock Detection IALock] 0 — 1.5 % 2
J6 | D |Un-Lock Detection [Aynil 0.5 — 25 % 2
J7 | D |Lock Detector transition from Tracking to Acquisition mode| |Ayny 6 — 8 % 2
J8 | C |PLLON Total Stabilization delay (Auto Mode) 3 tstab — 0.5% 3% ms
J9 | D |PLLON Acquisition mode stabilization delay 2 tacq — 0.3% 14 ms
J10 | D |PLLON Tracking mode stabilization delay 3 ty — 0.2% 24 ms
J11 | D |Charge pump current acquisition mode [ ich | — 38.5 — pA
J12 | D |Charge pump current tracking mode |ich | — 3.5 — pA
J13 | D | Jitter fit VCO loop gain parameter K4 — -100 — MHz/V
J14 | D | Jitter fit VCO loop frequency parameter f4 — 60 — MHz
J15 | C |Jitter fit parameter 1 j1 — — TBD % 4
J16 | C | Jitter fit parameter 2 i2 — — TBD %4

" VppPLL at2.5 V.

Percentage deviation from target frequency
PLL stabilization delay is highly dependent on operational requirement and external component values (for

example, crystal and XFC filter component values). Notes 4 and 5 show component values for a typical
configurations. Appropriate XFC filter values should be chosen based on operational requirement of system.
4 frer = 4 MHz, fgyg = 25 MHz (REFDV = 0x03, SYNR = 0x01), Cg = 4.7 nF, Cp = 470 pF, Rg = 10 KQ.
5 frer = 4 MHz, fgyg = 8 MHz (REFDV = 0x00, SYNR = 0x01), Cg = 33 nF, Cp = 3.3 nF, Rg = 2.7 KQ.

3.8.4 Crystal Monitor Time-out

The time-out Table 19 shows the delay for the crystal monitor to trigger when the clock stops, either at the high
or at the low level. The corresponding clock period with an ideal 50% duty cycle is twice this time-out value.

Table 19. Crystal Monitor Time-Outs

Min Typ

Max

Unit

6 10

18.5

us

3.8.5 Clock Quality Checker

The timing for the clock quality check is derived from the oscillator and the VCO frequency range in
Table 18. These numbers define the upper time limit for the individual check windows to complete.

Table 20. CRG Maximum Clock Quality Check Timings

17

Clock Check Windows Value Unit
Check Window 9.1 to 20.0 ms
Timeout Window 0.46t0 1.0 s
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3.8.6 Startup

Table 21 summarizes several startup characteristics explained in this section. Refer to the MAC7100
Microcontroller Family Reference Manual (MAC7100RM/D) for a detailed description of the startup
behavior.

Table 21. CRG Startup Characteristics

Num |C Rating Symbol Min Typ Max Unit
K1 | T |POR release level VPoRR — — 2.07 \Y,
K2 | T |POR assert level VpoRrA 0.97 — — \Y
K3 | D [Reset input pulse width, minimum input time PWgsTL 2 — — tosc
K4 | D |Startup from Reset NRST 192 — 196 Nosc
K5 |D |Interrupt pulse width, IRQ edge-sensitive mode PWirq 20 — — ns
K6 | D |Wait recovery startup time twrs — — 14 teye

3.8.6.1 Power On and Low Voltage Reset (POR and LVR)

The release level Vporp and the assert level Vpog 4 are derived from the Vpp2.5 supply. The assert level
Vivra is derived from the Vpp2.5 supply. They are also valid if the device is powered externally. After
releasing the POR or LVR reset, the oscillator and the clock quality check are started. If after a time tcqouT
no valid oscillation is detected, the MCU will start using the internal self-generated clock. The fastest startup
time possible is given by t,, (refer to Table 17).

3.8.6.2 SRAM Data Retention

The SRAM contents integrity is guaranteed if the PORF bit in the CRGFLG register is not set following a
reset operation.

3.8.6.3 External Reset

When external reset is asserted for a time greater than PWgr gty , the CRG module generates an internal reset
and the CPU starts fetching the reset vector without doing a clock quality check, if there was stable
oscillation before reset.

3.8.6.4 Stop Recovery

The MCU can be returned to run mode from the stop mode by an external interrupt. A clock quality check
is performed in the same manner as for POR before releasing the clocks to the system.

3.8.6.5 Pseudo Stop and Doze Recovery

Recovery from pseudo stop and doze modes are essentially the same, since the oscillator is not stopped in
either mode. The controller is returned to run mode by internal or external interrupts or other wakeup events
in the system. After t,,, the CPU fetches an interrupt vector if the wakeup event was an interrupt, or
continues to execute code if the wakeup event was not an interrupt.
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3.9 External Bus Timing Specifications

Table 22 lists processor bus input timings, which are shown in Figure 6, Figure 7 and Figure 8.

NOTE

All processor bus timings are synchronous; that is, input setup/hold and
output delay with respect to the rising edge of a reference clock. The

reference clock is the CLKOUT output.

All other timing relationships can be derived from these values.

Table 22. External Bus Input Timing Specifications

Num |C Rating ! Symbol | Min | Max | Unit
L1 CLKOUT tcye 23 — ns
Control Inputs
L2a Control input valid to CLKOUT high 2 teveH 13 — ns
L3a CLKOUT high to control inputs invalid 2 teHen 0 — ns
Data Inputs
L4 Data input (DATA[15:0]) valid to CLKOUT high toiveH — ns
L5 CLKOUT high to data input (DATA[15:0]) invalid tchon 0 — ns
1 Timing specifications have been indicated taking into account the full drive strength for the pads.
2 TA pins are being referred to as control inputs.
CLKOUT(45MHz) / \ 7Z 1.5V \ /
tseTup <~
—> tHoLD
Input Setup & Hold Invalid 1.5V Valid 15V Invalid
—> [<— tR|SE =1.5ns
o Vu=Vim o _. L
Input Rise Time VL=V --—=-- /
—>> €<— tFALL =1.5ns
Input Fall Ti VT Vi - N
nput Fall 1ime VL = VIL _______
CLKOUT
Inputs
Figure 6. General Input Timing Requirements
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3.9.1 Read and Write Bus Cycles

Table 23 lists processor bus output timings. Read/write bus timings listed in Table 23 are shown in Figure 7
and Figure 8.

Table 23. External Bus Output Timing Specifications

Num |C Rating Symbol Min Max Unit
Control Outputs
L6a CLKOUT high to chip selects valid tcHev — 0.5tcyc + 10 ns
L6b CLKOUT high to byte select (BS[1:0]) valid 2 teHsy — 0.5tcyc + 10| ns
L6c CLKOUT high to output select (OE) valid 3 tcHov — 0.5tcyc + 10 ns
L7a CLKOUT high to control output (BS[1:0], OE) invalid tchcor | 0.5tcyc + 2 — ns
L7b CLKOUT high to chip selects invalid tcHar | 0.5tcyc *+ 2 — ns
Address and Attribute Outputs
L8 CLKOUT high to address (ADDR[21:0]) and control tchav — 10 ns
(R/W) valid
L9 CLKOUT high to address (ADDR[21:0]) and control tchal 2 — ns
(R/W) invalid
Data Outputs
L10 CLKOUT high to data output (DATA[15:0]) valid tcHDoV — 13 ns
L11 CLKOUT high to data output (DATA[15:0]) invalid tcHpol 2 — ns
L12 CLKOUT high to data output (DATA[15:0]) high impedance| tchpoz — 9 ns

1

CSn transitions after the falling edge of CLKOUT.
2

BSn transitions after the falling edge of CLKOUT.
3 OE transitions after the falling edge of CLKOUT.
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Figure 7. Read/Write (Internally Terminated) Bus Timing
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cLKouT A N\ 4

CSn

ADDR[21:0]
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DATA[15:0]
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Figure 8. Read Bus Cycle Terminated by TA
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3.10 Analog-to-Digital Converter Characteristics

Table 24 and Table 25 show conditions under which the ATD operates. The following constraints exist to
obtain full-scale, full range results: VggA < Vi1 < Vi < Vry < VppA. This constraint exists because the
sample buffer amplifier cannot drive beyond the ATD power supply levels. If the input level goes outside
of this range it will effectively be clipped.

Table 24. ATD Operating Characteristics in 5 V Range

Conditions shown in Table 6 unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
M1 | D |Reference Potential Low VRL VgsA — VppA + 2 \Y
High| Vgy VppA + 2 — VppA \
M2 | C |Differential Reference Voltage ' VrH — VRL 4.50 5.00 5.25 \
M3 | D |ATD Clock Frequency faTDCLK 0.5 — 2.0 MHz
M4 | D |ATD 10-bit Conversion PeriodClock Cycles 2 Nconvio 14 — 28 Cycles
@ 2.0MHz fatpeik| Tconvio 7 — 14 us
M5 | D |ATD 8-bit Conversion PeriodClock Cycles 2 Nconvs 12 — 26 Cycles
@ 2.0MHz farpcik| Tconvs 6 — 13 ps
M6 | D |Recovery Time (VppA =5.0V) trRec — — 20 us
M7 | P |Reference Supply current 1 ATD module enabled IREF — — 0.375 mA
M8 | P |Reference Supply current 2 ATD modules enabled IREF — — 0.750 mA

1

Full accuracy is not guaranteed when differential voltage is less than 4.50 V

Minimum time assumes final sample period of 2 ATD clocks; maximum time assumes final sample period of 16 ATD clocks.

Table 25. ATD Operating Characteristics in 3.3 V Range

Conditions shown in Table 6, with VppX = 3.3 V #10% and a temperature maximum of +140°C unless otherwise noted.

Num |C Rating Symbol Min Typ Max Unit
N1 | D |[Reference Potential Low| VgL VgsA — VppA + 2 \Y
ngh VRH VDDA +2 — VDDA Vv
N2 |C |Differential Reference Voltage ' Vru—VRL 3.0 3.3 3.6 \
N3 | D |ATD Clock Frequency fATDCLK 0.5 — 2.0 MHz
N4 | D |ATD 10-bit Conversion PeriodClock Cycles 2 Nconvio 14 — 28 Cycles
Conv, Time at 2.0MHz ATD Clock fATDCLK TCONV10 7 — 14 us
N5 |D |ATD 8-bit Conversion PeriodClock Cycles 2 Nconvs 12 — 26 Cycles
Conv, Time at 2.0MHz ATD Clock fATDCLK TCONVS 6 — 13 us
N6 | D [Recovery Time (VppA=5.0 V) trec — — 20 us
N7 | P |Reference Supply current 1 ATD module enabled IREF — — 0.375 mA
N8 | P [Reference Supply current 2 ATD modules enabled IREF — — 0.250 mA

1

Full accuracy is not guaranteed when differential voltage is less than 3.0 V

2 Minimum time assumes final sample period of 2 ATD clocks; maximum time assumes final sample period of 16 ATD clocks.

3.10.1 Factors Influencing Accuracy

Three factors — source resistance, source capacitance and current injection — have an influence on the
accuracy of the ATD.

23
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3.10.1.1 Source Resistance

Due to the input pin leakage current as specified in Table 15 in conjunction with the source resistance there
will be a voltage drop from the signal source to the ATD input. The maximum specified source resistance Rg,
results in an error of less than 1/2 LSB (2.5 mV) at the maximum leakage current. If the device or operating
conditions are less than the worst case, or leakage-induced errors are acceptable, larger values of source
resistance are allowed.

3.10.1.2 Source Capacitance

When sampling, an additional internal capacitor is switched to the input. This can cause a voltage drop due
to charge sharing with the external capacitance and the pin capacitance. For a maximum sampling error of
the input voltage < 1 LSB, then the external filter capacitor must be calculated as, C¢> 1024 x (Cjng — Cinn)-

3.10.1.3 Current Injection

There are two cases to consider:

1.

A current is injected into the channel being converted. The channel being stressed has conversion
values of 0x3FF (0xFF in 8-bit mode) for analog inputs greater than Vi and 0x000 for values less
than Vg unless the current is higher than specified as disruptive condition.

Current is injected into pins in the neighborhood of the channel being converted. A portion of this
current is picked up by the channel (coupling ratio K), This additional current impacts the
accuracy of the conversion depending on the source resistance. The additional input voltage error
on the converted channel can be calculated as Vg = K x Rg x Iy, with Iy being the sum of the
currents injected into the two pins adjacent to the converted channel.

Table 26. ATD Electrical Characteristics

Conditions are shown in Table 6 unless otherwise noted
Num |C Rating Symbol Min Typ Max Unit
P1 | C|Max input Source Resistance Rs — — 1 KQ
P2 | T |Total Input Capacitance
Non Sampling CiNN — — 10 pF
Sampling Cins — — 22 pF
P3 | C |Disruptive Analog Input Current INA -2.5 — 25 mA
P4 | C |Coupling Ratio positive current injection Kp — — TBD A/A
P5 | C |Coupling Ratio negative current injection Kn — — TBD AA
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3.10.2 ATD Accuracy

Table 27 and Table 28 specify the ATD conversion performance excluding any errors due to current
injection, input capacitance and source resistance.

Table 27. ATD Conversion Performance in 5 V Range

Conditions shown in Table 6 unless otherwise noted.

VRer = VRH — VRL = 5.12 V, resulting in one 8 bit count = 20 mV and one 10 bit count =5 mV

fatbcLk = 2.0 MHz, 4.5V <VppA <55V

Num |C Rating Symbol Min Typ Max Unit
Q1 | P [10-bit Resolution LSB — 5 — mV
Q2 | P [10-bit Differential Nonlinearity DNL -1 — 1 Counts
Q3 | P |10-bit Integral Nonlinearity INL -2.5 +1.5 2.5 Counts
Q4 | P [10-bit Absolute Error ! AE -3 +2.0 3 Counts
Q5 | P |8-bit Resolution LSB — 20 — mV
Q6 | P |8-bit Differential Nonlinearity DNL -0.5 — 0.5 Counts
Q7 | P |8-bit Integral Nonlinearity INL -1.0 +0.5 1.0 Counts
Q8 | P [8-bit Absolute Error ! AE -1.5 +1.0 1.5  |Counts

T These values include the quantization error which is inherently 1/2 count for any A/D converter.

Table 28. ATD Conversion Performance in 3.3 V Range

Conditions shown in Table 6 unless otherwise noted.

VRrer = VRH — VRL = 5.12V, resulting in one 8 bit count = 20 mV and one 10 bit count = 5 mV

fatpclk = 2.0 MHz, 4.5V <VppA <55V

Num |C Rating Symbol Min Typ Max Unit
R1 | P |10-bit Resolution LSB — 3.25 — mV
R2 | P |10-bit Differential Nonlinearity DNL -1.5 — 1.5 Counts
R3 | P |10-bit Integral Nonlinearity INL -3.5 +1.5 3.5 Counts
R4 | P [10-bit Absolute Error ! AE -5 +2.0 5 Counts
R5 | P |8-bit Resolution LSB — 13 — mV
R6 | P |8-bit Differential Nonlinearity DNL -0.5 — 0.5 Counts
R7 | P |8-bit Integral Nonlinearity INL -1.5 +1.0 1.5 Counts
R8 | P |8-bit Absolute Error ' AE -1.5 +1.0 1.5 Counts

" These values include the quantization error which is inherently 1/2 count for any A/D converter.

For the following definitions see also Figure 8.

Differential Non-Linearity (DNL) is defined as the difference between two adjacent switching steps.

DNL(i) = V—‘_Vi*1—1
M= —TsB

The Integral Non-Linearity (INL) is defined as the sum of all DNLs:

n

_ N anvo
INL(n) = 3" DNL(i) = e’
i=1
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10-bit Resolution
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Figure 9. ATD Accuracy Definitions
NOTE
Figure 8 shows only definitions, for specification values refer to Table 27.
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3.10.3 ATD Electrical Specifications

Table 29 lists the DC electrical characteristics for the ATD module. Table 27 lists the analog-to-digital
conversion performance specifications.

Table 29. ATD Electrical Characteristics (Operating) 1

Num Rating Symbol Min Typ Max Unit
S1 Reference Potential “Low VRL VgsA — VppA + 2 \Y
S2 High VRH VppA + 2 — VppA \
S3 Voltage Difference Vgy — Vg, ° VRH - VRL 4.5 — 5.5 v
S4 Analog Input Voltage VINDC -0.3 — VppA + 0.3 \Y
S5 Digital Input High V4 0.7 x VppA — VppA + 0.3 \
S6 Voltage Low Vi VgsA—-0.3 — 0.2 x VppA \
S7 Analog Supply Run —40°C IopArun — TBD TBD mA

Current 25°C — TBD TBD mA

85°C*4 — TBD TBD mA

105°C 4 — TBD TBD mA

125°C 4 — TBD TBD mA

S8 Pseudo  —40°C |IppApseudo_stop — TBD TBD pA
Stop 25°C — 17 TBD pA

85°C 4 — TBD TBD A

105°C 4 — TBD TBD A

125°C 4 — TBD TBD pA

S9 Stop —40°C IppAstop — TBD TBD pA
(low power) 25°C — 17 TBD pA

85°C 4 — TBD TBD pA

105°C 4 — TBD TBD A

125°C 4 — TBD TBD iy

S10 Reference Supply Current IREF — 200 250 pA
S11 Input Injection Current ° liNng — — 2 mA

S§12 Input Current, Off Channel ® lorr —200 — 200 nA

S13 Total Input Not Sampling CINN — — 10 pF

S14 Capacitance Sampling Cins — — 15 pF

S15 Disruptive Analog Input Current INA -3 — 3 mA

516 Coupling Ratio & K — — 1074 A/A

S17 Incremental Error due to injection current — — +1 Counts

(All channels with 10k < Rs < 100k)?
S18 Incremental Error due to injection current — — +1 Counts
(Channel under test Rs=10k, Iy j=£3mA) °
S19 Incremental Capacitance during Csamp — — 5 pF

Sampling 10

noted. Refer to Table 6 for additional operating conditions.

the power supply levels. If the input level goes outside of this range, it will effectively be clipped.

Full accuracy is not guaranteed when the differential reference voltage is less than 4.5 V.
85°C, 105°C, and 125°C refer to the "C", "V", and "M" Temperature Options, respectively.

The input injection current is specified to 1 count of error.
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Maximum leakage occurs at maximum operating temperature. Current decreases by approximately one-half for
each 8 to 12 °C, in the ambient temperature range of 50 to 125 °C.

Below disruptive current conditions, the channel being stressed has conversion values of Ox3FF for analog inputs
greater than Vg and 0x000 for values less than Vg, . This assumes that VppA > AV and Vg, > VggA due to the
presence of the sample amplifier. Other channels are not affected by non-disruptive conditions.

Coupling Ratio, K, is defined as the ratio of the output current, Ioy7, measured on the pin under test to the injection
current, Iy, when both adjacent pins are overstressed with the specified injection current. K = g7 + ljny- The input
voltage error on the channel under test is calculated as Verr = Iy x KX Rg.

Total injection current is determined by the number of channels injecting (for example, 15), external injection voltage
(Ving — VePoscLamp ©F Ving — VNEcceLamp), @and the external source impedance, Rs, wherein all input channels have
the same values. To determine the error voltage on the converted channel, only the two adjacent channels are
expected to contribute to the error voltage: Ve = (Ving — Veramp) x K x 2.

10 For a maximum sampling error of the input voltage < 1LSB, then the external filter capacitor, C¢ > 1024 x Cgayp The
value of Cgapp in the new design may be reduced, or increased slightly.

Table 30. ATD Performance Specifications

Num |C Rating Symbol Min Typ Max Unit
T1 | D [10-bit Resolution LSB — 5 — mV
T2 | D [10-bit Differential Nonlinearity2 DNL -1 — 1 Counts
T3 | D [10-bit Integral Nonlinearity2 INL -2 — 2 Counts
T4 | D [10-bit Absolute Error % 3 AE 25 — 2.5 Counts
T5 | D [Max input Source Impedance4 Rs — — 100 kQ

T All voltages referred to VggA, VppA = 5.0 V+10%, ATD clock = 2.1 Mhz., —40 to 125 °C.
2 Note: 1 LSB = 1 Count (At Vggg = 5.12 V, one 8 bit count = 20 mV, one 10-bit count = 5 mV)
j These values include quantization error which is inherently 1/2 count for any A/D converter.

This value is based on error attributed to the specified leakage value of TBD nA resulting in an error of less than 1/2
LSB (2.5 mV). If operating conditions are less than worst case or leakage-induced error is acceptable, larger values
of source resistance is allowable.

3.10.4 ATD Timing Specifications

Table 31. ATD Timing Specifications

Num |C Rating Symbol Min Typ Max Unit
U1 | D |ATD Module Clock Frequency Feik — — 25.0 MHz
U2 | D |ATD Conversion Clock Frequency Fatdclk 0.5 — 2.0 MHz
U3 | D |ATD 10-bit Conversion Period Clock Cycles| Nconvio 14 — 28 Cycles

Conv. Time| Tconvio 7 — 14 usec
U4 | D |Stop Recovery Time (VppA = 5.0 V) Tsr — — 100 psec
Table 32. ATD External Trigger Timing Specifications
Num | C Parameter Symbol Min Max Unit
V1 D |ETRIG Minimum Period TrERIOD — 1 sample + CYCLE
1 conv. +
1 ATD clock
V2 | D |ETRIG Minimum Pulse Width tew 2 — SYS CLK
V3 | D |[ETRIG Level Recovery ' tir 1 — SYS CLK
V4 | D |Conversion Start Delay toLy — 2 SYS CLK

Time prior to end of conversion that the ETRIG pin must be deactivated so that another conversion sequence does
not start.
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Figure 10. ATD External Trigger Timing Diagram
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3.11 Serial Peripheral Interface Electrical

Specifications

3.11.1 Master Mode

Figure 11 and Figure 12 illustrate master mode timing. Timing values are shown in Table 33.

Table 33. SPI Master Mode Timing Characteristics 1

Conditions are shown in Table 6 unless otherwise noted, C| oap = 200pF on all outputs
Num|C Rating Symbol Min Typ Max Unit
WH1a | P |Operating Frequency fop DC — 1/4 fous
Wi1b | P |SCK Period tgg = 1/fgp tsek 4 — 2048 tous
W2 | D |Enable Lead Time tiead 1/2 — — tsck
W3 | D |Enable Lag Time tiag 1/2 — — tsek
W4 | D |Clock (SCK) High or Low Time twsck tous — 30 — 1024 ty s ns
W5 | D |Data Setup Time (Inputs) tsu 25 — — ns
W6 | D |Data Hold Time (Inputs) thi 0 — — ns
W9 | D |Data Valid (after Enable Edge) ty — — 25 ns
W10 | D |Data Hold Time (Outputs) tho 0 — — ns
W11 | D |Rise Time Inputs and Outputs t, — — 25 ns
W12 | D |Fall Time Inputs and Outputs t — — 25 ns

1

between the Master and the Slave timing shown in Table 34.

3.11.2 Slave Mode

Figure 13 and Figure 14 illustrate the slave mode timing. Timing values are shown in Table 34.

Table 34. SPI Slave Mode Timing Characteristics

The numbers 7, 8 in the column labeled “Num” are missing. This has been done on purpose to be consistent

Conditions are shown in Table 6 unless otherwise noted, CLOAD = 200pF on all outputs

Num |C Rating Symbol Min Typ Max Unit
X1a | P |Operating Frequency fop DC — 1/4 fous
X1b | P |SCK Period tsg = 1/fop tsek 4 — 2048 thus
X2 | D |Enable Lead Time tiead 1 — — toye
X3 | D |Enable Lag Time tiag 1 — — teye
X4 | D |Clock (SCK) High or Low Time twsck teye — 30 — — ns
X5 | D |Data Setup Time (Inputs) tsu 25 — — ns
X6 | D |Data Hold Time (Inputs) thi 25 — — ns
X7 | D |Slave Access Time ta — — 1 toye
X8 |D |Slave SIN Disable Time tais — — 1 toye
X9 | D |Data Valid (after SCK Edge) ty — — 25 ns
X10 | D |Data Hold Time (Outputs) tho 0 — — ns
X11 | D |Rise Time Inputs and Outputs t, — — 25 ns
X12 | D |Fall Time Inputs and Outputs t — — 25 ns
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Figure 11. SPI Master Timing (CPHA = 0)
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Figure 12. SPI Master Timing (CPHA =1)
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3.12 FlexCAN Electrical Specifications

Table 35. FlexCAN Wake-up Pulse Characteristics

Conditions are shown in Table 6 unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
Y1 | P |FlexCAN Wake-up dominant pulse filtered twup — — 2 Hs
Y2 | P [FlexCAN Wake-up dominant pulse passed twup 5 — — us

3.13 Program Flash and Data Flash Timing
Characteristics

NOTE

Unless otherwise noted the abbreviation NVM (Non-Volatile Memory) is
used for both program Flash and data Flash.

3.13.1 NVM timing

The time base for all NVM program or erase operations is derived from the system clock divided by two
(Fsys/2). A minimum system frequency fyymgsys is required for performing program or erase operations.
The NVM modules do not have any means to monitor the frequency and will not prevent program or erase
operation at frequencies above or below the specified minimum. Attempting to program or erase the NVM
modules at a lower frequency a full program or erase transition is not assured.

The Flash and Data Flash program and erase operations are timed using a clock derived from the system
frequency using the CFMCLKD register. The frequency of this clock must be set within the limits specified
as fyvmop- The minimum program and erase times shown in Table 36 are calculated for maximum fyyypop
and maximum f}, ;. The maximum times are calculated for minimum fypop and a fy,, of 2 MHz.

3.13.1.1 Single Word Programming

The programming time for single word programming is dependant on the bus frequency as a well as on the
frequency fyymop and can be calculated according to the following formula.
L 25 - 1

t =9.
fnvmop fous

swpgm

3.13.1.2 Burst Programming

This applies only to the Flash where up to 32 words in a row can be programmed consecutively using burst
programming by keeping the command pipeline filled. The time to program a consecutive word can be
calculated as:

1 +g.i

fNVMOP 1:bus

tbwpgm =4

The time to program a whole row is:

tbrpgm - tswpgm +31 'tbwpgm

Burst programming is more than 2 times faster than single word programming.
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3.13.1.3 Sector Erase
Erasing a 4k byte Flash sector takes:

t,,,~ 4000 . ——
fNVMOP
The setup time can be ignored for this operation.
3.13.1.4 Mass Erase
Erasing a NVM block takes:
t . ~20000 ——
fNVMOP

The setup time can be ignored for this operation.

3.13.1.5 Blank Check

The time it takes to perform a blank check on the Flash or Data Flash is dependant on the location of the
first non-blank word starting at relative address zero. It takes one bus cycle per word to verify plus a setup
of the command.

teneck = location -t o+ 10 - t.

Table 36. NVM Timing Characteristics 1

Num C Rating Symbol Min Typ Max Unit
Z1 | D |System Clock/2 favMtsys 0.5 — 502 MHz
Z2 | D |Bus frequency for Programming or Erase Operations| fyymeus 1 — — MHz
Z3 | D |Operating Frequency fnvmor 150 — 200 kHz
Z4 | P |Single Word Programming Time tswpgm 463 — 7454 us
Z5 | D |Flash Burst Programming consecutive word towpgm 2043 — 314 us
Z6 | D |Flash Burst Programming Time for 32 Words torpgm 678.4 3 — 103554 | pus
Z7 |P |Sector Erase Time tera 20° — 26.74 ms
Z8 | P |Mass Erase Time tmass 100° — 1334 ms
Z9 | D |Blank Check Time Flash per block teheck 11 © — 327787 toye
Z10 | D |Blank Check Time Data Flash per block toheck 116 — 2058 7 teye

' Conditions are shown in Table 6 unless otherwise noted
2 Restrictions for oscillator in crystal mode apply!
j Minimum programming times are achieved under maximum NVM operating frequency fyypop @and maximum bus frequency fy .

Maximum erase and programming times are achieved under particular combinations of fyymop and bus frequency
fous- Refer to formulae in Section 3.13.1.1, “Single Word Programming,” through Section 3.13.1.4, “Mass Erase,” for
more information.

Minimum erase times are achieved under maximum NVM operating frequency fyymop:

Minimum time, if first word in the array is not blank

Maximum time to complete check on an erased block
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3.13.2 NVM Reliability

The reliability of the NVM blocks is guaranteed by stress test during qualification, constant process
monitors and burn-in to screen early life failures. The failure rates for data retention and program/erase
cycling are specified at the operating conditions noted. The program/erase cycle count on the sector is
incremented every time a sector or mass erase event is executed.

Table 37. NVM Reliability Characteristics

Conditions shown in Table 6 unless otherwise noted.
Num | C Rating Min Unit
Z10 | C |Program/Data Flash Program/Erase endurance (—40C to +125C) 10,000 Cycles
Z11 | C |Program/Data Flash Data Retention Lifetime 15 Years
NOTE
All values shown in Table 37 are target values and subject to
characterization.
For Flash cycling performance, each Program operation must be preceded
by an erase.
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Device Pin Assignments

The MAC7100 Family is available in 208-pin ball grid array (MAP BGA), 144-pin low profile quad flat
(LQFP), 112-pin LQFP, and 100-pin LQFP package options. The family of devices offer pin-compatible
packaged devices to assist with system development and accommodate a direct application enhancement
path. Refer to Table 1 for a comparison of the peripheral sets and package options for each device.

Most pins perform two or more functions, which is described in more detail in the MAC7100
Microcontroller Family Reference Manual (MAC7100RM/D). Figure 15, Figure 16, Figure 17, Figure 18,
and Figure 19 show the pin assignments for the various packages.

MAC7141PV Pin Assignments

4.1

36
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Figure 15. Pin Assignments for MAC7141 in 100-pin LQFP
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4.2 MAC7121PV Pin Assignments
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Figure 16. Pin Assignments for MAC7121 in 112-pin LQFP

MAC7100 Microcontroller Family Hardware Specifications
PRELIMINARY—SUBJECT TO CHANGE WITHOUT NOTICE

For More Information On This Product,
Go to: www.freescale.com

/ XCLKS

MOTOROLA



Freescale Semiconductor, Inc.

Device Pin Assignments

4.3 MAC7101PV Pin Assignments
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Figure 17. Pin Assignments for MAC7101 in 144-pin LQFP
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4.4 MAC7111PV Pin Assignments
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Figure 18. Pin Assignments for MAC7111 in 144-pin LQFP
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4.5 MAC7131VF Pin Assignments

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A | VggX | VesX | PGO | PG14 | PA2 | PA5 | TCLK | TDI | PE15 | PE14 | PH14 | PE12 | PH11 | VR | Vea | VooA

B | VgsX | VggX | PG2 | PG15 | PAO | PA4 | TMS | TDO | PD9 | PH15 | PE13 | PH12 | PE10 | PH9 | VppA | PH8

C| PG5 | PG3 | VggX | PG1 | PA1 | PA3 | PA6 |Vgs25| VppX | PD6 | PH13 | PE11 | VppA | PE8 | PE7 | PH7

D| PGY | PG8 | PG4 | VsX | VgsX |Vss2.5|Vss25| PD10 | PD8 | PD7 | VggA | VgsA | PH10 | PE9 | PE6 | PH6

E | PG6 | PG11 | PG10 | VgsX PE4 | PE5 | PH5 | PH4
F| PCO | PG7 | PC1 | VggX PE2 | PE3 | PH3 | PH2
G| PBO | PC2 | PC3 | VggX VgeX | VesX | VgsX | VssX PHO | PH1 | PE1 | PEO
H| PB3 | PB2 | PBT | VppX VgeX | VesX | VagX | VssX PA8 | PA9 | PA7 | PA10
J| PB5 | PB6 | PB4 | VgeX VgeX | VesX | VgsX | VssX PD5 | PA12 | PA11 | PC15
K| PB7 | PB8 | PF15 | VgsX VgeX | VesX | VgsX | VssX PC13 | PC12 | PC14 | VppX
L | PF14 | PF13 | PC4 | VgeX PD13 | PD14 | PD15 | PD4
M| PF12 | PC5 | PC6 | VggX VsgX | TA | PD3 |CLKOUT

N | PF11 | PF10 | PC7 | VgeX | VagR | VasR |Vgs2.5 |Vgs2.5 [VasPLL [VegPLL | VasX | VasX | VgsX | PB11 | PB14 | PB15

P| PF9 | PF8 | VggX | PF5 | PC8 | PC10 | VppX |Vss2.5| VppR | VppX | PA15 | PD11 | PD12 | VggX | PB12 | PB13

R| PF7 | VggX | PF6 | PF3 | PF1 | PCO | PG12 | PG13 | VX | VggX | TEST | PA13 | PD1 | PB10 | VggX | VgeX

T | VgeX | VgsX | PF4 | PF2 | PFO | PC11 |RESET |VgPLL| XFC |EXTAL| XTAL | PA14 | PDO | PB9 | VggX | VgeX

Figure 19. Pin Assignments for MAC7131 in 208-pin MAP BGA
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5 Mechanical Information
5.1 100-Pin LQFP Package
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Figure 20. 100-Pin LQFP Mechanical Dimensions (Case No. 983)
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5.2 112-Pin LQFP Package
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Figure 21. 112-Pin LQFP Mechanical Dimensions (Case No. 987)
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5.3 144-Pin LQFP Package
4X Q L-M 4X 36 TIPS Q L-M

PIN 1
IDENT

/

-

— i |
— ]
— .
= ]
= ]
— i |
— i |
— i |
Y I
— I
L — .
— i |
— i |
P! o~
— I
] i |
=t ==3
[ ]
— i |
— i |
— ]
— .
— ]
= ]
— i |
= VIEWY |[B Vi
— I I
— 0
— .
36 =5 ,|\ = 73 NOTES:
1 —1 1. DIMENSIONS AND TOLERANCING PER ASME
mﬁﬁmﬂlﬂﬁﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ Y14.5M. 1994,
37 72

)

. DIMENSIONS IN MILLIMETERS.

. DATUMS L, M, N TO BE DETERMINED AT THE
SEATING PLANE, DATUM T.

Al i 4. DIMENSIONS S AND V TO BE DETERMINED AT
SEATING PLANE, DATUM T.

| N

w

| S1 ! 5. DIMENSIONS A AND B DO NOT INCLUDE MOLD
A PROTRUSION. ALLOWABLE PROTRUSION IS
[ 0.25 PER SIDE. DIMENSIONS A AND B DO
S INCLUDE MOLD MISMATCH AND ARE

DETERMINED AT DATUM PLANE H.
. DIMENSION D DOES NOT INCLUDE DAMBAR

=)

PROTRUSION. ALLWABLE DAMBAR
PROTRUSION SHALL NOT CAUSE THE D
VIEW AB DIMENSION TO EXCEED 0.35.

|-~
C
] 02 /:\_ L A 0.1]T| 144x MILLIMETER

DIM| MIN [ MAX
A | 2000BSC
Al| 10.00BSC
B | 20.00BSC

Bl| 10.00BSC
C | 140 [ 160

c1] 005 [ 015

c2| 135 | 145
D | 017 | 027

E | 045 | 075

PLATING F | 017 | 023
G 0.50 BSC

AA 2 J [ 009 020
— K 0.50 REF

— R2 P 0.25 BSC
R1| 013 [ 020

i E— R2| 013 [ 020

A R1 S 22.00 BSC
S1| 11.00BSC

vV | 2200BSC

BASE
METAL

V1| 11.00BSC

GAGE PLANE Y 0.25 REF
z 1.00 REF
AA| 009 | 0.16

i b DT
SECTIONJ]O-JI t (K) 01| o0°] 7°
(ROTQEI%R%) C1 E 02 1° | 13°
01

[]0.08@ |T[L-M|N]

)—
VIEWAB — O

Figure 22. 144-Pin LQFP Mechanical Dimensions (Case No. 918)
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5.4 208-Pin MAP BGA Package
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Figure 23. 208-Pin MAP BGA Mechanical Dimensions (Case No. 1159A-01)
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