Freescale Semiconductor, Inc.

Addendum to

Order this document by
MC68302UMADD33V

MC68302

MC68302 Integrated Multiprotocol Processor

User Manual

July 19, 2000
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6.0 ELECTRICAL CHARACTERISTICS

The AC specifications presented consist of output delays, input setup and hold times, and sig-
nal skew times. All signals are specified relative to an appropriate edge of the clock (CLKO
pin) and possibly to one or more other signals.

6.1 MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vpp -0.3to+7.0 Y,
Input Voltage Vin -0.3to+7.0 \%
Operating Temperature Range Ta
MC68302 0to 70 °C
MC68302C -401to0 85
Storage Temperature Range Tstg -55t0 + 150 °C
6.2 THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
B3a 25 °CIW
Thermal Resistance for PGA
03¢ 2 °C/W
03a 40 °C/W
Thermal Resistance for CQFP
8¢ 15 °C/W
EAN 42 °C/W
Thermal Resistance for PQFP
03¢ 20 °C/W

This device contains circuitry to
protect the inputs against damage
due to high static voltages or elec-
tric fields; however, it is advised
that normal precautions be taken
to avoid application of any voltage
higher than maximume-rated volt-
ages to his high-impedance circuit.
Reliability of operation is en-.
hanced if unused inputs are tied to
an appropriate logic voltage level
(e.g., either GND or Vpp)
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Ty=Ta+ (Pp Ua)
Pp = (Vpp Upp) + Piio
where:
Pjo is the power dissipation on pins.
For Ty =70°C and P;,o + 0 W, 16.67 MHz, 3.6 V, and CQFP package,
the worst case value of T;is:
T;=70°C + (3.6V [(25mA [40°C/W) = 73.6C

6.3 POWER CONSIDERATIONS

The average chip-junction temperature, T3, in °C can be obtained from:

Ty = Ta+ (Pp e 634)(1)
where:
Ta = Ambient Temperature, °C
0o = Package Thermal Resistance, Junction to Ambient, °C/W
Pbo = PiNT *+ Pijo
PINT = Ipp X Vpp, Watts—Chip Internal Power

Pio Power Dissipation on Input and Output Pins—User Determined

For most applications Pj;o < 0.3 « PiNT @nd can be neglected.

If Pijo is neglected, an approximate relationship between Pp and Tj is
Pbo = K=+ (Tj+273°C)(2)

Solving equations (1) and (2) for K gives:
K = Pp * (Ta + 273°C) + 034 « Pp2(3)

where K is a constant pertaining to the particular part. K can be determined from equation
(3) by measuring Pp (at equilibrium) for a known Ta. Using this value of K, the values of Pp
and T3 can be obtained by solving equations (1) and (2) iteratively for any value of Ta.

6.4 POWER DISSIPATION

Characteristic Symbol Typ Max Unit

Power Dissipation at 3.3V 16.67 MHz-Rev C.651 (see Note 2) PD 25 50 mA

NOTES:

2.The IMP is tested with the M68000 core executing, all three baud rate generators enabled and clocking at a rate of
64 kHz, and the two general-purpose timers running with a prescaler of 256. Power measurements are not
significantly impacted by baud rate generators or timers until their clocking frequency becomes a much more
sizable fraction of the system frequency than in these test conditions.
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6.5 DC ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Max Unit

Input High Voltage (Except EXTAL) ViH 2.0 Vpp \Y
Input Low Voltage (Except EXTAL) Vi Vgg-0.3 0.8 \%
Input High Voltage (EXTAL) Ve VDD*0.8 VDD \Y
Input Low Voltage (EXTAL) Ve Vgs-0.3 0.6 V
Input Leakage Current [N — 20 HA
Input Capacitance All Pins Cin — 15 pF
Three-State Leakage Current (2.4/0.5 V) ITsi — 20 A
Open Drain Leakage Current (2.4 V) lob — 20 HA
Output High Voltage (Ioy = 400 pA) (see Note) VoH 2.4 — V
Output Low Voltage VoL
(lo. =3.2mA) A1-A23, PBO-PB11, FCO-FC2, CS0-CS3 — 05

IAC, AVEC, BG, RCLK1, RCLK2, RCLK3,

TCLK1, TCLK2, TCLK3, RTS1, RTS2, RTS3,

SDS2, PA12, RXD2, RXD3, CTS2, CD2, CD3

DREQ, BRG1
(lo,. =5.3mA) AS, UDS, LDS, R/W, BERR — 0.5

BGACK, BCLR, DTACK, DACK, v

RMC, D0-D15, RESET
(lo, =7.0mA) TXD1, TXD2, TXD3 - 0.5
(loL = 8.9 mA) DONE, HALT, BR (as output) o 0.5
(loL =3.2mA) CLKO — 0.4
Output Drive CLKO OcLk — 50 pF
Output Drive ISDN I/F (GCIl Mode) Ogal — 150 pF
Output Drive All Other Pins OaLL — 130 pF
Output Drive Derating Factor for CLKO of 0.030 ns/pF Okr 20 50 pF
Output Drive Derating Factor for CLKO of 0.035 ns/pF Okr 50 130 pF
Output Drive Derating Factor for All Other Pins 0.035 ns/pF Okr 20 130 pF
Output Drive Derating Factor for All Other Pins 0.055 ns/pF Okr 130 220 pF
Power Vbbp 3.0 3.6 \
Common Vss 0 0 \%

NOTE: The maximum lpy for a given pin is one-half the 1o rating for that pin. For an Ioy between 400 pA and I /2

mA, the minimum Vg is calculated as: Vpp - (1 +.05 VIMA(lgy -.400 mA)).
NOTE: All AC specs are assume an output load of 130pf (except for CLKO).
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6.6 DC ELECTRICAL CHARACTERISTICS—NMSI1 IN IDL MODE

Characteristic Symbol Min Max Unit Condition
Input Pin Characteristics: LICLK , L1SY1, LIRXD, L1GR
Input Low Level Voltage Vi -10% + 20% (% of Vpp)
Input High Level Voltage Vi Vpp - 20% Vpp + 10%
Input Low Level Current I — +10 HA Vin = Vss
Input High Level Current Iy —_ +10 MA Vin = Vpp
Output Pin Characteristics: LITXD , SDS1- SDS2, L1RQ
Output Low Level Voltage VoL 0 1.0 loL =5.0 A
Output High Level Voltage Vou Vpp - 1.0 Vpp lon =400 pA
6.7 AC ELECTRICAL SPECIFICATIONS—CLOCK TIMING
(see Figure 6-1, Figure 6-2, Figure 6-3, and Figure 6-4)
16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
Frequency of Operation f 8 |16.67| MHz
1 Clock Period (EXTAL) (See note 3) teye 60 125 ns
2,3 Clock Pulse Width (EXTAL) teLs teH 25 [ 625 | ns
4,5 Clock Rise and Fall Times (EXTAL) tern et — 5 ns
5a EXTAL to CLKO Delay (See Notes 1 and 2) tcp 5 12 ns

NOTE:

1. CLKO loading is 50 pF max.

2. CLKO skew from the rising and falling edges of EXTAL will not differ from each other by more than 1 ns, if the
EXTAL rise time equals the EXTAL fall time.
3. You may not stop the clock input at any time.

VCIH =

EXTAL

CLKO

\ciL=0.6V

i

(&~

y !

c)
/N

Figure 6-1. Clock Timing Diagram
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6.8 AC ELECTRICAL SPECIFICATIONS—IMP BUS MASTER CYCLES

(see Figure 6-2, Figure 6-3, Figure 6-4, and Figure 6-5))

16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
6 Clock High to FC, Address Valid tchHecapv| O 45 ns
7 gé%%kn?ég&tgx ,:-\rglcji;ﬁ)ss Data Bus High Im- tecHADZ . 50 ns
8 %Il?r% High to Address, FC Invalid (Mini- teHAF 0 _ ns

9 Clock High to AS, DS Asserted (see Note 1) tchsL 3 30 ns
11 Address, FC Valid to AS, DS Asserted

(Read) AS Asserted Write (see Note 2) taFcvsL | 15 - ns
12 Clock Low to AS, DS Negated (see Note 1) | tcisH — 30 ns
13 ﬁgt’eDéS) Negated to Address, FC Invalid (see tsHAFI 15 _ .
AS (and DS Read) Width Asserted (see
14| Note 2) ts 120 | — ns
14A | DS Width Asserted, Write (see Note 2) tpsL 60 — ns
15 | AS, DS width Negated (see Note 2) tsH 60 — ns
16 Clock High to Control Bus High Impedance | tchcz — 50 ns
17 AS, DS Negated to R/W Invalid (see Note 2)| tsyrH 15 — ns
18 | Clock High to R/W High (see Note 1) tCHRH — 30 ns
20 Clock High to R/W Low (see Note 1) tcHRL — 30 ns
20A | AS Asserted to R/W Low (Write) (see Notes tASRY . 10 ns
2 and 6)
21 Address FC Valid to R/W Low (Write) (see tarcvrL | 15 _ ns
Note 2)
29 %NV Low to DS Asserted (Write) (see Note tRisL 30 . ns
23 Clock Low to Data-Out Valid tcLpo — 30 ns
AS, DS, Negated to Data-Out Invalid (Write)
25 | (see Note 2% tsipor | 15 | — | ns
16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
26 Bg%g—zo)ut Valid to DS Asserted (Write) (see tosL 15 . ns
Data-In Valid to Clock Low (Setup Time on
27 | Read) (see Note 5) toicL 7 — | ns
AS, DS Negated to DTACK Negated (Asyn-
28 | chronous old) (see Note 2) tsHDAH 0 110 | ns
AS, DS Negated to Data-In Invalid (Hold
29 | Time on Rgad) ( tsHpil 0 — | ns
30 | AS, DS Negated to BERR Negated tSHBEH 0 — ns
DTACK Asserted to Data-In Valid (Setup
31 Time) (see Notes 2 and 5) tpALDI - 50 ns
32 HALT and RESET Input Transition Time tRur tRHF | — 150 ns
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33 Clock High to BG Asserted tcHeL — 30 ns
34 Clock High to BG Negated tcHGH — 30 ns
35 BR Asserted to BG Asserted (see Note 11) | tgricL 25 | 45 | clks
36 BR Negated to BG Negated (see Note 7) terHeH | 1.5 | 2.5 | clks
37 BGACK Asserted to BG Negated tgaicH | 2.5 | 4.5 | clks
37A E)GACK Asserted to BR Negated (see Note toasry | 10 | 15 Cr:i/s
38 BG Asserted to Control, Address, Data Bus ¢ . 50 ns
High Impedance (AS Negated) Lz
39 BG Width Negated ten 1.5 — | clks
40 BGACK Asserted to Address Valid tGALAV 15 — ns
41 | BGACK Asserted to AS Asserted toaasa | 30 | — | ns
44 AS, DS Negated to AVEC Negated tsHVPH 0 50 ns
46 BGACK Width Low teaL 15 — | clks
47 é)synchronous Input Setup Time (see Note tas) 12 _ ns
BERR Asserted to DTACK Asserted (see
48 | Notes 2 and 3) et | 10 | — | ns
53 Data-Out Hold from Clock High tcHDoI 0 — ns
55 (F%V;/@Zserted to Data Bus Impedance tRLDBD 0 . ns
56 HALT/RESET Pulse Width (see Note 4) tHrRPW 10 — clks
57 BGACK Negated to AS, DS, R/W Driven tcAsSD 15 — | clks
57A BGACK Negated to FC tcAFD 1 — clks
58 Elgté\l%jated to AS, DS, R/W Driven (see tRHSD 15 — | clks
58A | BR Negated to FC (see Note 7) tRHED 1 — | clks
60 Clock High to BCLR Asserted tcHBCL — 30 ns
Clock High to BCLR High Impedance (See
61 | Note 10)g gh'mp ( tehecH | — | 30 | ns
16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
Clock Low (SO Falling Edge during read) to
62 | G Acseriaq ing Edg gread o teiqu | — | 30 | ns
63 Clock High (during write) to RMC Negated | tcHrMH — 30 ns
64 RMC Negated to BG Asserted (see Note 9)| trmueL | — 30 ns
NOTES:
1. For loading capacitance of less than or equal to 50 pF, subtract 4 ns from the value given in the maximum

2.

columns.

Actual value depends on clock period since signals are driven/latched on different CLKO edges. To calculate the
actual spec for other clock frequencies, the user may derive the formula for each specification. First, derive the
margin factor as: M = N(P/2) - Sa

where N is the number of one-half CLKO periods between the two events as derived from the timing diagram, P
is the rated clock period of the device for which the specs were derived (e.g., 60 ns with a 16.67-MHz device),
and Sa is the actual spec in the data sheet. Thus, for spec 14 at 16.67 MHz:

M = 5(60 ns/2) - 120 ns = 30 ns.
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Once the margin (M) is calculated for a given spec, a new value of that spec (Sn) at another clock frequency
with period (Pa) is calculated as:
Sn =N(Pa/2) - M
Thus for spec 14 at 12.5 MHz:
Sn =5(80 ns/2) - 30 ns = 170 ns.
These two formulas assume a 50% duty cycle. Otherwise, if N is odd, the previous values N(P/2) and N(Pa/2)
must be reduced by X, where X is the difference between the nominal pulse width and the minimum pulse width
of the EXTAL input clock for that duty cycle.
If #47 is satisfied for both DTACK and BERR, #48 may be ignored. In the absence of DTACK, BERR is a
synchronous input using the asynchronous input setup time (#47).

4. For power-up, the MC68302 must be held in the reset state for 100 ms to allow stabilization of on-chip circuit. After
the system is powered up #56 refers to the minimum pulse width required to reset the processor.

5. If the asynchronous input setup (#47) requirement is satisfied for DTACK, the DTACK asserted to data setup
time (#31) requirement can be ignored. The data must only satisfy the data-in to clock low setup time (#27) for the
following clock cycle.

6. When AS and R/W are equally loaded (+20%), subtract 5 ns from the values given in these columns.

7. The MC68302 will negate BG and begin driving the bus if external arbitration logic negates BR before asserting
BGACK.

8. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be
reasserted.

9. This specification is valid only when the RMCST bit is set in the SCR register.

10.0Occurs on SO of SDMA read/write access when the SDMA becomes bus master.

11.Specification may be exceeded during the TAS instruction if the RMCST bit in the SCR is set.
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NOTES:
1. Setup time for the asynchronous inputs IPL2—IPLO guarantees their recognition at the next falling edge of
the clock.

2. BR need fall at this time only to insure being recognized at the end of the bus cycle.

3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts,
unless otherwise noted. The voltage swing through this range should start outside and pass through the
range such that the rise or fall is linear between 0.8 volts and 2.0 volts.

Figure 6-2. Read Cycle Timing Diagram
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NOTES:

1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts,
unless otherwise noted. The voltage swing through this range should start outside and pass through the
range such that the rise or fall is linear between between 0.8 volt and 2.0 volts.

2. Because of loading variations, R/W may be valid after AS even though both are initiated by the rising edge
of S2 (specification #20A)

3. Each wait state is a full clock cycle inserted between S4 and S5.

Figure 6-3. Write Cycle Timing Diagram
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. For other timings than RMC, see Figures 6-2 and 6-3.

. RMCST =0 in the SCR.

. RMCST = 1in the SCR.

. Wait states may be inserted between S4 and S5 during the write cycle and between S16 and S17 during the read cycle.
. Read-modify-write cycle is generated only by the TAS instruction.
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Figure 6-4. Read-Modify-Write Cycle Timing Diagram
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Figure 6-5. Bus Arbitration Timing Diagram
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6.9 AC ELECTRICAL SPECIFICATIONS—DMA (see Figure 6-6 and Figure 6-7)

16.67 MHz
Num. Characteristic Symbol | min | Mmax | Unit
80 1D)REQ Asynchronous Setup Time (see Note tREOAS] 15 . ns
81 DREQ Width Low (see Note 2) trREQL 2 — clks
82 DREQ Low to BR Low (see Notes 3 and 4) | treqLerL | — 2 clks
83 Clock High to BR Low (see Notes3and 4) | tchgr. | — 30 ns
Clock High to BR High Impedance (see
84 Notes 3 gnd 4) gnimp ( tcHBrRz | — 30 ns
BGACK Low to BR High Impedance (see
85 Notes 3 and 4) gnimp ( tekierz | 30 - ns
86 Clock High to BGACK Low tcHBKL — 30 ns
87 AS and BGACK High (the Latest One) to t 15 2.5 | clks
BGACK Low (when BG Is Asserted) ABHBKL : +30 | ns
gg | BG Low to BGACK Low (No Other Bus t 15 | 25 |clks
Master) (see Notes 3 and 4) BGLBKL : +30 | ns
89 g?nl-élglg Impedance to BG High (see Notes tBRHBGH 0 . ns
Clock_on which BGACK Low to Clock on
90 | which AS Low tetekiar | 2| 2 | clks
91 Clock High to BGACK High tCHBKH — 30 ns
92 Clock Low to BGACK High Impedance tcLekzZ —_ 30 ns
93 Clock High to DACK Low tcHACKL — 30 ns
94 Clock Low to DACK ngh tCLACKH — 30 ns
95 Clock High to DONE Low (Output) tcHDNL — 30 ns
96 Clock Low to DONE High Impedance tcLoNZ — 30 ns
DONE Input Low to Clock Low (Asynchro-
97 nous Setup) onteH | 15 - ns

NOTES:

1. DREQ is sampled on the falling edge of CLK in cycle steal and burst modes.

2. If #80 is satisfied for DREQ, #81 may be ignored.

3. BR will not be asserted while BG, HALT, or BERR is asserted.

4. Specifications are for DISABLE CPU mode only.

5. DREQ, DACK, and DONE do not apply to the SDMA channels.

6. DMA and SDMA read and write cycle timing is the same as that for the M68000 core.
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Figure 6-6. DMA Timing Diagram (IDMA)
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6.10 AC ELECTRICAL SPECIFICATIONS—EXTERNAL MASTER
INTERNAL ASYNCHRONOUS READ/WRITE CYCLES

(see Figure 1 and Figure 6-8)

16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
100 R/W Valid to DS Low trwvpsL | O — ns
101 DS Low to Data-In Valid tosipy | — 30 ns
102 DTACK Low to Data-In Hold Time tDKLDH 0 — ns
103 AS Valid to DS Low tasvDSL 0 — ns
104 DTACK Low to AS, DS High tDKLDSH 0 — ns
105 | DS High to DTACK High toshokh | — | 45 | ns
106 DS Inactive to AS Inactive tpsias] 0 — ns
107 | DS High to R/W High toshrwH | O — | ns
108 DS High to Data High Impedance toshpz | — 45 ns
108A | DS High to Data-Out Hold Time (see Note) | tpsHpH 0 — ns
109A | Data Out Valid to DTACK Low tpovokL | 15 — ns

NOTE: If AS is negated before DS, the data bus could be three-stated (spec 126) before DS is negated.
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Figure 1. External Master Internal Asynchronous Read Cycle Timing Diagram
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6.11 AC ELECTRICAL SPECIFICATIONS—EXTERNAL MASTER
INTERNAL SYNCHRONOUS READ/WRITE CYCLES

(see Figure 6-9, Figure 6-10, and Figure 6-11)

16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
110 Address Valid to AS Low tavAsL 15 — ns
111 AS Low to Clock High tasLcH 30 — ns
112 Clock Low to AS High tcLASH — 45 ns
113 AS High to Address Hold Time on Write tASHAH 0 — ns
114 | AS Inactive Time tash 1 — clk
115 UDSI/LDS Low to Clock High (see Note 2) tsLcH 40 — ns
116 Clock Low to UDS/LDS High tcLsH — 45 ns
117 R/W Valid to Clock High (see Note 2) trwveH | 30 — ns
118 Clock High to R/W High tchrwH | — 45 ns
119 AS Low to IAC High tASLIAH — 40 ns
120 AS High to IAC Low tASHIAL — 40 ns
121 | AS Low to DTACK Low (0 Wait State) tasiore | — 45 ns
122 Clock Low to DTACK Low (1 Wait State) tcLoTL — 30 ns
123 | AS High to DTACK High tasHDTH | — 45 ns
124 DTACK High to DTACK High Impedance {DTHDTZ — 15 ns
125 Clock High to Data-Out Valid tcHDOV — 30 ns
126 | AS High to Data High Impedance tashipz | — 45 ns
127 AS High to Data-Out Hold Time tasHDOI 0 — ns
128 AS High to Address Hold Time on Read tASHAI 0 — ns
129 UDSI/LDS Inactive Time tsy 1 — clk
130 Data-In Valid to Clock Low tcLpv 30 — ns
131 Clock Low to Data-In Hold Time tcLDIH 15 — ns

NOTES:
1. Synchronous specifications above are valid only when SAM = 1 in the SCR.
2. ltisrequiredthatthis signal notbe asserted prior to the previous rising CLKO edge (i.e., in the previous clock
cycle). It must be recognized by the IMP no sooner than the rising CLKO edge shown in the diagram.
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6.12 AC ELECTRICAL SPECIFICATIONS—INTERNAL MASTER
INTERNAL READ/WRITE CYCLES (see Figure 6-12)

o5 N /N SN N

16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
140 Clock High to IAC High tCHIAH — 40 ns
141 Clock Low to IAC Low tcLiAL — 40 ns
142 Clock High to DTACK Low tcHDTL — 45 ns
143 Clock Low to DTACK High tcLpTH — 40 ns
144 Clock High to Data-Out Valid tcHpDov — 30 ns
145 | AS High to Data-Out Hold Time tASHDOH 0 — ns
S0 S1 S2 S3 S5 S6 S7 SO

A23-A1

(OUTPUT)

><

AS
(OUTPUT) /

IAC
(OUTPUT)

uDS
LDS

(OUTPUT)_/

RW
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DTACK
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Figure 6-12
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. Internal Master Internal Read/Write Cycle Timing Diagram
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6.13 AC ELECTRICAL SPECIFICATIONS—CHIP-SELECT TIMING
INTERNAL MASTER (see Figure 6-13)

16.67 MHz

Num. Characteristic Symbol Min | Max | Unit

150 Clock High to CS, IACK Low (see Note 2) | tchcsiakL | O 40 ns

151 Clock Low to CS, IACK High (see Note 2) | tcLcsiakH 0 40 ns

152 | CS Width Negated tesH 60 — ns
153 Clock High to DTACK Low (0 Wait State) tcHDTKL — 45 ns
154 gg%(sl)_ow to DTACK Low (1-6 Wait teLDTRL . 30 ns
155 Clock Low to DTACK High tcLDTKH — 40 ns
156 Clock High to BERR Low (see Note 1) tCHBERL — 40 ns
157 ﬁl(;)tgklljow to BERR High Impedance (see telpern | — 40 ns
158 | DTACK High to DTACK High Impedance | tptkrptkz | — 15 ns
171 Input Data Hold Time from S6 Low tipHCL 5 — ns
172 | CS Negated to Data-Out Invalid (Write) tcsnDol 10 — ns
173 Address, FC Valid to CS Asserted taAFvCSA 15 — ns
174 CS Negated to Address, FC Invalid tcsNAFI 15 — ns
175 | CS Low Time (0 Wait States) tesiT 120 | — ns
176 | CS Negated to R/W Invalid tcsnrRWI 10 — ns
177 | CS Asserted to R/W Low (Write) tcsarwl | — 10 ns

178 gﬁé\leegda;ted to Data-In Invalid (Hold Time tesNDIl 0 . ns

NOTE:
1.This specification is valid only when the ADCE or WPVE bits in the SCR are set.
2.For loading capacitance less than or equal to 50 pF, subtract 4 ns from the maximum value given.
3.Since AS and CS are asserted/negated on the same CLKO edges, no AS to CS relative timings can be
specified. However, CS timings are given relative to a number of other signals, in the same manner as AS.
See Figure 6-2 and Figure 6-3 for diagrams.
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Figure 6-13. Internal Master Chip-Select Timing Diagram

6.14 AC ELECTRICAL SPECIFICATIONS—CHIP-SELECT TIMING
EXTERNAL MASTER (see Figure 6-14)

16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
154 Clock Low to DTACK Low (1-6 Wait States) | tc pTkL — 30 ns
160 | AS Lowto CS Low tasicst | — 30 ns
161 | AS High to CS High tasHcsH | — 30 ns
162 Address Valid to AS Low tavASL 15 — ns
163 R/W Valid to AS Low (see Note 1) trwvasL | 15 — ns
164 | AS Negated to Address Hold Time tASHAI 0 — ns
165 | AS Low to DTACK Low (0 Wait State) tasipTKL | — 45 ns
167 | AS High to DTACK High tASHDTKH | — 30 ns
168 | AS Low to BERR Low (see Note 2) tasiBerL | — 30 ns
169 ﬁgég;;%cw High Impedance (see tasHBERH | — 30 ns

NOTES:
1.The minimum value must be met to guarantee write protection operation.
2.This specification is valid when the ADCE or WPVE bits in the SCR are set.
3.Also applies after a timeout of the hardware watchdog.
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Figure 6-14. External Master Chip-Select Timing Diagram

6.15 AC ELECTRICAL SPECIFICATIONS—PARALLEL 1/O

(see Figure 6-15)

16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
180 Input Data Setup Time (to Clock Low) tbsu 20 — ns
181 Input Data Hold Time (from Clock Low) toH 10 — ns
Clock High to Data-out Valid
182 (CPU Wﬁtes Data, Control, or Direction) feHpov | — 35 ns
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Figure 6-15. Parallel /0 Data-In/Data-Out Timing Diagram

6.16 AC ELECTRICAL SPECIFICATIONS—INTERRUPTS

(seeFigure 6-16)

16.67 MHz

Num. Characteristic Symbol | Min | Max | Unit

190 Interruk}lt Pulse Width Low IRQ (Edge Trig- oW 50 . ns

gered Mode) or PB8-11

191 Minimum Time Between Active Edges tAEMT 3 — clk

NOTE: Setup time for the asynchronous inputs IPL2—-IPLO and AVEC guarantees their recognition at the next falling
edge of the clock.

(INIID?UQI';] \
(199

Figure 6-16. Interrupts Timing Diagram
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6.17 AC ELECTRICAL SPECIFICATIONS—TIMERS

(see Figure 6-17)

16.67 MHz
Num. Characteristic Symbol | Min | Max | Unit
200 Timer Input Capture Pulse Width trpw 50 — ns
201 TIN Clock Low Pulse Width tricLt 50 — ns
TIN Clock High Pulse Width and Input
202 | Capture High Pulse Width P tiewr | 2 | — | clk
203 TIN Clock Cycle Time teye 3 — clk
204 Clock High to TOUT Valid tcHTOV — 35 ns
205 Kllgtzelg)ut Setup Time (to Clock High) (see T 20 . ns
206 FRZ Input Hold Time (from Clock High) tERZHT 10 — ns

NOTES:
1. FRZ should be negated during total system reset.
2.The TIN specs above do not apply to the use of TIN1 as a baud rate generator input clock. In such a case,
specifications 1-3 may be used.

CLKO __,///__\\\__4/7

TouTO
(OUTPUT)

TINO \
(INPUT)

FRzO
(INPUT)

Figure 6-17. Timers Timing Diagram
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6.18 AC ELECTRICAL SPECIFICATIONS—SERIAL
COMMUNICATIONS PORT (see Figure 6-18).

16.67 MHz
Num. Characteristic Min | Max | Unit
250 SPCLK Clock Output Period 4 64 | clks
251 SPCLK Clock Output Rise/Fall Time 0 15 ns
252 Delay from SPCLK to Transmit (see Note 1)| 0 40 ns
253 SCP Receive Setup Time (see Note 1) 40 — ns
254 SCP Receive Hold Time (see Note 1) 10 — ns

NOTES:
1. This also applies when SPCLK is inverted by Cl in the SPMODE register.
2. The enable signals for the slaves may be implemented by the parallel 1/0 pins.

-~ =<6

SPCLKO
(OUTPUT)

-3

B N X e X e X e X e X e X X e )
e X X X X >J£ DEDED

Figure 6-18. Serial Communication Port Timing Diagram
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6.19 AC ELECTRICAL SPECIFICATIONS—IDL TIMING (All timing measurements,

unless otherwise specified, are referenced to the L1CLK at 50% point of Vpp) (see Figure 6—19).

16.67 MHz
Num. Characteristic Min | Max | Unit
260 | L1CLK (IDL Clock) Frequency (see Note 1) | — | 6.66 | MHz
261 | L1CLK Width Low 55 — ns
262 | L1CLK Width High (see Note 3) P+10| — ns
263 %Iln'%(D L1RQ, SDS1-SDS2 Rising/Falling | 20 ns
264 |L1SY1 (sync) Setup Time (to L1CLK Falling 30 . ns
Edge)
L1SY1 (sync) Hold Time (from L1CLK Fall-
265 |ing Edge)y 50 | — | ns
266 | L1SY1 (sync) Inactive Before 4th LICLK 0 — ns
267 |LLTXD Active Delay (from L1CLK Rising 0 75 ns
Edge)
L1TxD to High Impedance (from L1CLK Ris-
268 ing Edge) (see Note 2) 0 50 ns
269 | L1RxD Setup Time (to L1CLK Falling Edge)| 50 — ns
L1RxD Hold Time (from L1CLK Falling
270 Edge) 50 — ns
271 | Time Between Successive IDL syncs 20 — L1CLK|
272 | L1RQ Valid before Falling Edge of L1SY1 1 — L1CLK|
273 | L1GR Setup Time (to L1SY1 Falling Edge) | 50 — ns
274 | L1GR Hold Time (from L1SY1 Falling Edge)| 50 — ns
SDS1-SDS2 Active Delay from L1CLK Ris-
275 ing Edge 10 75 ns
SDS1-SDS2 Inactive Delay from L1CLK
276 | Falling Edge / 0] 7 | ns

NOTES:
1. The ratio CLKO/L1CLK must be greater than 2.5/1.
2. High impedance is measured at the 30% and 70% of Vpp points, with the line at Vpp/2 through 10K in
parallel with130 pF.
3.Where P = 1/CLKO. Thus, for a 16.67-MHz CLKO rate, P = 60 ns.
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6.20 AC ELECTRICAL SPECIFICATIONS—GCI TIMING

GCI supports the NORMAL mode and the GCI channel 0 (GCNO) in MUX mode. Normal
mode uses 512 kHz clock rate (256K bit rate). MUX mode uses 256 x n - 3088 kbs (clock
rate is data rate x 2). The ratio CLKO/L1CLK must be greater than 2.5/1 (see Figure 6-20).

16.67 MHz
Num. Characteristic Min | Max | Unit
L1CLK GCI Clock Frequency (Normal Mode) (see
Note 1) quency ( ) ( — | 512 | kHz
280 | L1CLK Clock Period Normal Mode (see Note 1) 1800 | 2100 | ns
281 | L1CLK Width Low/High Normal Mode 840 | 1450 | ns
282 | L1CLK Rise/Fall Time Normal Mode (see Note 4) — — ns
L1CLK (GCI Clock) Frequency (MUX Mode) (see — |6.668| MHz
Note 1) :
280 | L1CLK Clock Period MUX Mode (see Note 1) 150 | — ns
281 | L1CLK Width Low MUX Mode 55| — ns
281A | L1CLK Width High MUX Mode (see Note 5) P+10| — ns
282 | L1CLK Rise/Fall Time MUX Mode (see Note 4) — — ns
283 | L1SY1 Sync Setup Time to L1CLK Falling Edge 30| — ns
284 | L1SY1 Sync Hold Time from L1CLK Falling Edge 50 | — ns
2g5 | L1TXD Active Delay (from L1CLK Rising Edge) (see ol 100! ns
Note 2)
286 | L1TxD Active Delay (from L1SY1 Rising Edge) (see ol 100! ns
Note 2)
287 | L1RxD Setup Time to L1CLK Rising Edge 20 | — ns
288 | L1RxD Hold Time from L1CLK Rising Edge 50 | — ns
ogg | Time Between Successive L1SY1in Normal| 64 | — [L1CLK
SCIT Mode| 192 | — [L1CLK
SDS1-SDS2 Active Delay from L1CLK Rising Edge
290 (see Note 3) 10 90 | ns
SDS1-SDS2 Active Delay from L1SY1 Rising Edge
201 (see Note 3) 10 90 | ns
292 Eggsel—SDSZ Inactive Delay from L1CLK Falling 10 9 | ns
293 | GCIDCL (GCI Data Clock) Active Delay 0 50 | ns

NOTES:
1.The ratio CLKO/L1CLK must be greater than 2.5/1.
2. Condition C|_ =150 pF. L1TD becomes valid after the L1CLK rising edge or L1SY1, whichever is later.
3.SDS1-SDS2 become valid after the L1CLK rising edge or L1SY1, whichever is later.
4.Schmitt trigger used on input buffer.
5.Where P = 1/CLKO. Thus, for a 16.67-MHz CLKO rate, P = 60 ns.
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Figure 6-20. GCI Timing Diagram
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6.21 AC ELECTRICAL SPECIFICATIONS—PCM TIMING

There are two sync types:

Short Frame—Sync signals are one clock cycle prior to the data
Long Frame—Sync signals are N-bits that envelope the data, N > 0; see Figure 6-21
and Figure 6-22).

16.67 MHz

Num. Characteristic Min | Max Unit
300 Ii)1CLK (PCM Clock) Frequency (see Note | __ | g @ MHz
301 L1CLK Width Low 55 — ns
301A | L1CLK Width High (see Note 4) P+10| — ns
302 EﬁTSEﬁEﬁYl Setup Time to LICLK 0 . ns
303 Iﬁ%ﬁmg—ELdlgSeYl Hold Time from L1CLK 40 . ns
304 L1SYO-L1SY1 Width Low 1 — L1CLK
305 Ersi??grﬁ:egvr%z? Successive Sync Signals 8 . L1CLK
306 I(_Sle'léxﬁggt%Valid after LICLK Rising Edge 0 70 ns
307 Iﬁg;](gD ItE% gHé();h Impedance (from L1CLK 0 50 ns
308 Ebgé?(ggéu’go'{émﬁ (to L1CLK Falling 20 . ns
309 Iﬁégéij(?eoeldNEtrg% )(from L1CLK Falling 50 _ .

NOTES:
1. The ratio CLK/L1CLK must be greater than 2.5/1.
2.L1TxD becomes valid after the L1CLK rising edge or the sync enable, whichever is later, if long frames are used.
This note should only be used if the user can guarantee that only one sync pin (L1SY0 and L1SY1) is changed
simultaneously in the selection and de-selection of the desired PCM channel time slot. A safe example of this is
using only PCM CH-1. Another example is using CH-1 and CH-2 only, where CH-1 and CH-2 are not contiguous on
the PCM highway.
3. Specification valid for both sync methods.
4. Where P = 1/CLKO. Thus, for a 16.67-MHz CLKO rate, P = 60 ns.
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Figure 6-22. PCM Timing Diagram (SYNC Prior to 8-Bit Data)
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6.22 AC ELECTRICAL SPECIFICATIONS—NMSI TIMING

The NMSI mode uses two clocks, one for receive and one for transmit. Both clocks can be
internal or external. When t he clock is internal, it is generated by the internal baud rate gen-
erator and it is output on TCLK or RCLK. All the timing is related to the external clock pin.
The timing is specified for NMSI1. It is also valid for NMSI2 and NMSI3 (see Figure 6-23).

16.67 MHz | 16.67 MHz
- Internal External .
Num. Characteristic Clock Clock Unit
Min | Max | Min | Max

RCLK1 and TCLK1 Fre-

315 quency (see Note 1) — |5.55| — |6.668|MHz
RCLK1 and TCLK1 Low

316 (see Note 4) 65 | — |P+10| — | ns

316a| RCLK1 and TCLK1 High 65 | — | 55 | — | ns
RCLK1 and TCLK1 Rise/Fall

317 | Time (see Note 3) — |20 — | —|ns
TXD1 Active Delay from

318 | TCIK1 Falling Edge O |40 | 0|70 | ns
RTS1 Active/lnactive Delay

319 | from TCLK1I Falling Edge 0 40 0 | 100 | ns
CTS1 Setup Time to TCLK1

320 Rising Edge 50 | — | 10 | — | ns
RXD1 Setup Time to RCLK1

321 Rising Edge 50 | — | 10 | — | ns
RXD1 Hold Time from

322 | RCLK1 Rising Edge (see 10| — | 50 | — | ns
Note 2)
CD1 Setup Time to RCLK1

323 Rising Edge 50 | — | 10 | — | ns

NOTES:

1. The ratio CLKO/TCLK1 and CLKO/RCLK1 must be greater than or equal to 2.5/1 for external clock. The input clock
to the baud rate generator may be either an internal clock or TIN1, and may be as fast as EXTAL. However, the
output of the baud rate generator must provide a CLKO/TCLK1 and CLKO/RCLKZ1 ratio greater than or equal to 3/1.
In asynchronous mode (UART), the bit rate is 1/16 of the TCLK1/RCLK1 clock rate.

2. Also applies to CD hold time when CD is used as an external sync in BISYNC or totally transparent mode.

. Schmitt triggers used on input buffers.
4. Where P = 1/CLKO. Thus, for a 16.67-MHz CLKO rate, P = 60 ns.

w
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any products herein. Freescale Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of
any product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical” parameters which may be
provided in Freescale Semiconductor data sheets and/or specifications can and do
vary in different applications and actual performance may vary over time. All operating
parameters, including “Typicals” must be validated for each customer application by
customer’s technical experts. Freescale Semiconductor does not convey any license
under its patent rights nor the rights of others. Freescale Semiconductor products are
not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended or
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Freescale
Semiconductor was negligent regarding the design or manufacture of the part.
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