SECTION 6

ELECTRICAL CHARACTERISTICS

The AC specifications presented consist of out
signal skew times. All signals are specified relative to an appropriate edge of the clock (CL-

KO pin) and possibly to one or more other signals.

6.1 MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vbp -0.3to+7.0 "
input Voltage Vin -03to+7.0 v
Operating Temperature Range Ta
&0682902 0to 70 °C
MC68302C -4010 85
Storage Temperature Range Ts,g -55t0 + 150 °C
6.2 THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Bya 25 °C/W
Thermal Resistance for PGA
fyc 2 °C/W
0)a 40 °C/W
Thermal Resistance for CQFP
8,c 15 °C/W
O 42 °C/W
Thermal Resistance for PQFP
8ic 20 °Cc/w

Ty=Ta+(Pp- a)
Pp =(Vpp - Ipp) + Pyo
where:
Pyo is the power dissipation on pins.

For Ta = 70°C and Py;p + O W, 16.67 MHz, 5.5 V, and CQFP

package, the worst case value of T is:
Ty=70°C + (5.5 V- 30 mA . 40°C/W) = 98.65C
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put delays, input setup and hold times, and

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 voltafge
higher than maximum-rated volf-
ages to his high-impedance circuit.
Reliability of operation is en-.
hanced if unused inputs are tied to
an appraopriate logic voltage level
(e.g., either GND or Vpp)
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Electrical Characteristics

6.3 POWER CONSIDERATIONS
The average chip-junction temperature, Ty, in °C can be obtained from:

Ty = Ta + (Pp e 84a)(1)
where:
Ta = Ambient Temperature, °C
6a = Package Thermal Resistance, Junction to Ambient, °C/W
Po = PiNT + Pro
PINT = Ipp x Vpp, Watts—Chip Internal Power
Pio = Power Dissipation on Input and Output Pins—User Determined

For most applications Pyo < 0.3 « PinT and can be neglected.

If Pjo is neglected, an approximate relationship between Ppand Tyis
Pph = K+ (Ty +273°C)(2)

Solving equations (1) and (2) for K gives:
K = Pp ® (Ta + 273°C) + 6a * Pp2(3)

n 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 T can be obtained by solving equations (1) and (2) iteratively for any value of Ta.
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Electrical Characteristics

6.4 POWER DISSIPATION

Characteristic Symbol Typ Max Unit—’
Power Dissipation at 25 MHz- Rev C.8u (see Notes 1 & 2) PD 85 130 mA
Power Dissipation at 25 MHz -Rev C.65u (see Notes 1 & 2) PD 65 90 mA
Power Dissipation at 20 MHz-Rev C.8) (see Notes 1 & 2) PD 65 100 mA
Power Dissipation at 20 MHz-Rev C.651 (see Notes 1 & 2) PD 50 80 mA
Power Dissipation at 16.67 MHz-Rev C.8 (see Notes 1 & 2) PD 54 85 mA
Power Dissipation at 16.67 MHz-Rev C.65p (see Notes 1 & 2) PD 44 70 mA
Power Dissipation at 4 MHz-Rev C.8u (see Notes 1,2 & 3) PD 40 - mA
Power Dissipation at 4 MHz-Rev C.850 (see Notes 1, 2 & 3) PD 27 - mA
Power Dissipation at 3.3V 20 MHz-Rev C.65u (see Note 2) PD 30 60 mA
Power Dissipation at 3.3V 16.67 MHz-Rev C.650 (see Note 2) PD 25 50 mA

NOTES:

1.Values measured with maximum loading of 130 pF on all output pins. Typical means 5.0 V at 25°C. Maximum
means guaranteed maximum over maximum temperature (85°C) and voltage (5.5 V).

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.

3.The M68000 core will not operate at 4 MHz. This is only for low power mode.
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Electrical Characteristics

6.5 DC ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Max Unit
input High Voltage (Except EXTAL) Vi 2.0 Vpp \
Input Low Voltage (Except EXTAL) Vi Vgs - 0.3 0.8 \
input High Voltage (EXTAL) Ven 4.0 vDD \"
Input Low Voltage (EXTAL) Ve Vgg - 0.3 0.6 \
Input Leakage Current iy — 20 HA
Input Capacitance All Pins Cin — 15 pF
Three-State Leakage Current (2.4/0.5 V) brsi — 20 uA
Open Drain Leakage Current (2.4 V) lop — 20 HA
Output High Voltage (lon = 400 pA) (see Note) Vox Vpp—-1.0 — Y
Output Low Voltage VoL

(lop = 3.2 mA) A1-A23, PBO-PB11, FCO-FC2, CS0-CS3 — 0.5

TAC, AVEC, BG, RCLK1, RCLK2, RCLKS3,

TCLK1, TCLK2, TCLK3, RTST, RTS2, RTS3,

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

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

BGACK, BCLR, DTACK, DACK, v

RMC, D0-D15, RESET
(lo=7.0mA)  TXD1, TXD2, TXD3 - 05
(loL = 8.9 mA) DONE, HALT, BR (as output) o 0.5
(loL = 3.2 mA) CLKO — 0.4
Output Drive CLKO Ocik — 50 pF
Output Drive ISDN I/F (GCI Mode) Ot — 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 Voo 4.5 5.5 Y
Common Vss Q 0 \Y

NOTE: The maximum loy for @ given pin is one-half the Ig_rating for that pin. For an loy between 400 pA and lg /2
mA, the minimum Vgy is calculated as: Vpp - (1 +.05 V/mA(lgy --400 mA)).
NOTE: All AC specs are assume an output load of 130pf (except for CLKO).
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Electrical Characteristics

6.6 DC ELECTRICAL CHARACTERISTICS—NMSI1 IN IDL MODE

Characteristic | Symbol l Min l Max [ Unit | Condition
Input Pin Characteristics: L1CLK, L1SY1, L1RXD, L1GR
input Low Level Voltage ViL -10% +20% (% of Vpp)
Input High Level Voltage Vi Vpp - 20% Vpp + 10% v
Input Low Level Current 1 — +10 uA Vin = Vsg
Input High Level Current Iy — +10 pA Vin = Vpp
Output Pin Characteristics: L1TXD, SDS1- SDS2, L1RQ
Output Low Level Voltage VoL 0 1.0 oL =5.0 mA
Output High Level Voltage Vou Vpp - 1.0 Vbp v loy = 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 20 MHz 25 MHz
Num. Characteristic Symbol | Min | Max | Min | Max | Min | Max | Unit
Frequency of Operation f 8 |16.67| 8 20 8 25 | MHz
1 Clock Period (EXTAL) (See note 3) teye 60 1256 | 50 125 | 40 | 125 | ns
2,3 Clock Pulse Width (EXTAL) foL.ton | 256 1625 | 21 [ 625 16 | 625 ns
4,5 Clock Rise and Fall Times (EXTAL) ten tof — 5 — 4 — 4 ns
5a EXTAL to CLKO Delay (See Notes 1 and 2) tco 2 11 2 9 2 7 ns
NOTE:

1. CLKO loading is 50 pF max.

2. CLKO skew from the rising and falling edges of EXTAL wi

EXTAL rise time equals the EXTAL fall time.
3. You may not stop the clock input at any time.

VoiH=4V
EXTAL
VeiL=0.6v [ )

CLKO m

[E—

Figure 6-1. Clock Timing Diagram
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Electrical Characteristics

6.8 AC ELECTRICAL SPECIFICATIONS—IMP BUS MASTER CYCLES

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

B 6367248 0L37u4kL7? 225 1N

16.67 MHz 20 MHz 25 MH2
Num. Characteristic Symbol | Min | Max | Min | Max Min | Max | Unit
6 Clock High to FC, Address Valid tcurcapv| O 45 ] 40 0 30, ns
Clock High to Address, Data Bus High Im- _ _ _
7 pedanceg(Maximum) g tcHapz 50 42 33 | ns
8 %IS% High to Address, FC Invalid (Mini- teHARI 0 _ 0 . 0 _ ns
9 Clock High to AS, DS Asserted (see Note 1)|  fcHst 3 30 3 25 3 20 | ns
Address, FC Valid to AS, DS Asserted _
11| (Read) &'A’gAsserted Write (see Note 2) trcvst | 15 | — | 12| — | 10 ns
12 | Clock Low to AS, DS Negated (see Note 1) [ tcLsH — 30 — | 25 | — | 20 | ns
13 ﬁg 5_23) Negated to Address, FC Invalid (see| o ., 15 __ 12 _ 10! — 1 ns
14 | AS(and DS Read) Width Asserted (see ts 420 | — | 100 — [ 80 | — | ns
Note 2)
14A | DS Width Asserted, Write (see Note 2) tosL 60 — 50 —_ 40 — ns
15 | AS, DS Width Negated (see Note 2) tsh 60 —_ 50 — 40 | — ns
n 16 | Clock High to Control Bus High Impedance | tcrcz — 50 — 42 | — | 33 [ ns
17 | AS, DS Negated to R/W Invalid (see Note 2) tsHrH 15 —_ 12 — 10 | — ns
18 | Clock High to R/W High (see Note 1) tcHRH — {3 | — |25 | — | 20 | ns
20 | Clock High to RW Low (see Note 1) tCHRL — 30 — 25 — | 20 ns
20A szi '{I-}jssét)aned to RAW Low (Write) (see Notes |, .., _ 10 . 10 | — 7 ns
21 ﬁg?erezs)s FC Valid to R/W Low (Write) (see | t, ..o, | 15 _ 12 _ 10| — ns
29 %/W Low to DS Asserted (Write) (see Note | ¢, o a0 | — 25| — | 2| — | ns
23 Clock Low to Data-Out Valid tcLpo — 30 — 25 — | 20 | ns
25 f;%é DNSét\;le ated to Data-Out Invalid (Write)} ¢, 15 _ 12 _ 10| — 1| ns
28 B?,E?)Ut Valid to DS Asserted (Write) (see | 1o 15 | — 2] — |10l =1 ns
Data-In Valid to Clock Low (Setup Time on
27 Read) (see Note 5) ( P toicL 7 - 6 — 5 — | ns
AS, DS Negated to DTACK Negated (Asyn-
28 | chronous l-?old) (see Note 2) g (Y™ topipan 0 | 110 0 95 0 75 | ns
29 ?En g)?nNFt‘eegaatc)ad to Data-In Invalid (Hold tsHoII 0 _ o.| — 0 _ ns
30 | AS, DS Negated to BERR Negated tsHBEH 0 — 0 — 0 — |'ns
DTACK Asserted to Data-In Valid (Setu
31 | Time) (see Notes 2 and 5) (Setup toap | — | 50 | — | 42 | — |3 ] s
32 HALT and BESET Input Transition Time taHn RHe | — 150 — 150 — 150 | ns
33 Clock High to BG Asserted tcHGL —_ 30 —_ 25 — 20 ns
34 | Clock High to BG Negated | toHeH — 30 —_— 25 | — | 20 [ ns
35 BR Asserted to BG Asserted (see Note 1) | teriaL | 25 | 45 | 25 | 45 25 | 45 | cks
36 | BR Negated to BG Negated (see Note 7) tgpmgH | 1.5 | 258 [ 1.5 (25 [ 1.5 | 25 | cks
6-6 MC68302 USER’S MANUAL MOTOROLA
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Electrical Characteristics

16.67 MHz 20 MHz 25 MHz
Num, Characteristic Symbol | Min | Max | Min | Max | Min | Max | Unit
37 BGACK Asserted to BG Negated leagh [ 25 | 45 | 25 [ 45 | 25 | 45 | clks
a7A 8B)GAC:K Asserted to BR Negated (see Note | , eaerr | 10 | 15 | 10 | 15 | 10 | 15 cr}z/s
BG Asserted to Control, Address, Data Bus
s High Impedance (AS Negated) lotz — 0|~ |4 —|38]ns
39 | BG Width Negated taH 15| — [ 18] — | 15 | — | cks
40 BGACK Asserted to Address Valid taaLav 15 —_ 15 — 15 — ns
41 | BGACK Asserted to AS Asserted toaasa [ 30 | — [ 30 | — | 20 | — | ns
44 | AS, DS Negated to AVEC Negated tsHVPH 0 50 0 42 0 33 | ns
46 BGACK Width Low teaL 15 | — 15| — [ 15 — | cks
47 g\)synchronous Input Setup Time (see Note tas) i0 — 10 _ 7 _ ns
BERR Asserted to DTACK Asserted (see
48 | Notes 2 and 3) ¢ TEOAL | 10 | — F 10 | — | 7 | — | ns
53 | Data-Out Hold from Clock High tcHpol 0 — 0 — 0 — | ns
55 gﬂng‘saserted to Data Bus Impedance tALDBD 0 _ 0 _ 0 — | ns
56 HALT/RESET Pulse Width (see Note 4) tHrPW 10 — 10 — 10 — | clks
57 | BGACK Negated to AS, DS, R/W Driven lgasp | 15| — | 156 | — | 15 | — | clks
57A | BGACK Negated to FC tearFD 1 —_ 1 — 1 — | clks
58 ﬁgtgl;:?ated to AS, DS, RW Driven (see tRHsD 15 — | 15| — | 15| — | cks
58A | BR Negated to FC (see Note 7) tRHFD 1 — 1 — 1 — | clks
60 Clock High to BCLR Asserted tcHBeL — 30 — 25 — 20 ns
Clock High to BCLR High Impedance (See
61 | Note 10)° gh mp ( towson | — | 30 | — | 25 | — | 20 | ns
Clock Low (S0 Falling Edge during read) to _ _
62 | RMC Asselsted 9 =do 9 ) teceme {1 — | 30 25 20 | ns
63 Clock High (during write) to RMC Negated | tcHrMH — 30 — 25 —_ 20 ns
64 | RMC Negated to BG Asserted (see Note 9) tamMHGL | — 30 — 25 | — | 20 | ns

NOTES:
1. For loading capacitance of less than or equal to 50 PF, subtract 4 ns from the value given in the maximum columns.
2. Actual vaiue depends on clock period since signals are drivenflatched 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 or 50 ns
with a 20 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.
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:
Snh =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.
3. If #47 is satisfied for both DTACK and BERR, #48 may be ignored. in the absence of DTACK, BERRis a
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Electrical Characteristics

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.

10.0ccurs 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 fatling edge of
the clock.
2. BR need fall at this fime 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 voitage 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 $4 and S5.

Figure 6-3. Write Cycle Timing Diagram
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NOTES:
1. For other timings than RMC, see Figures 6-2 and 6-3.
2. RMCST =0 in the SCR.
3. RMCST =1 in the SCR.
4. Wait states may be inserted between S4 and S5 during the write cycle and between S16 and S17 during the read cycle.
5. Read-modify-write cycle is generated only by the TAS instruction.

Figure 6-4. Read-Modify-Write Cycle Timing Diagram
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6.9 AC ELECTR'CAL SPEC|F|CAT|ONS—DMA (see Figure 6-6 and Figure 6-7)

16.67 MHz 20 MHz 25 MHz

Num. Characteristic Symbol | min Max | Min | Max | Min | Max | Unit
80 %HEQ Asynchronous Setup Time (see Note T 15 — 15 _ 10 _ ns
81 DREQ Width Low (see Note 2) tREQL 2 — 2 — 2 — | clks
82 DREQ Low to BR Low (see Notes 3 and 4) |tReqLeRL | — 2 — 2 — 2 clks
83 Clock High to BR Low (see Notes 3 and 4) tcHBAL — 30 — 25 s 20 ns

Clock High to BR High Impedance (see
84 Notes 3 gnd 4) 9 P ( tcHBRZ — 30 — 25 — 20 ns
BGACK Low to BR High Impedance (see
85 | Notes 3 and 4) on me ¢ Rz | 30 | — | 25 | — | 20 | — | ns
86 Clock High to BGACK Low toHBKL — 30 — 25 — 20 ns
87 AS and BGACK High (the Latest One) to t 15 2.5 15 25 15 2.5 | clks
BGACK Low (when BG Is Asserted) ABHBKL | 15 1 yg0 | ™0 425 | 5 | o0 | ne
BG Low to BGACK Low (No Other Bus 25 25 25 | clks
88 | Master) (see Notes 3 ar(1d 4) tsarekL | 1.5 +a0 | 15|25 | 16 +20 | ns
89 %I-ii?h Impedance to BG High (see Notes 3 teruaaH | O _ 0 _ 0 — | ns
Clock on which BGACK Low to Clock on
90 which AS Low toLBKLAL 2 2 2 2 2 2 clks
91 Clock High to BGACK High tcHekH | — 30 — 25 — | 20 ns
92 Clock Low to BGACK High impedance toLekz — 15 — 15 — 10 ns
93 Clock High to DACK Low teHacke —_ 30 - 25 - 20 ns
94 Clock Low to DACK High toLackn | — 30 — 25 — 20 ns
95 Clock High to DONE Low (Output) tcHoNL — 30 — 25 — 20 ns
96 Ciock Low to DONE High Impedance teLonz — 30 —_ 25 — 20 ns
97 DONE Input Low to Clock Low (Asynchro- toniten | 15 - 15 _ 10 _ ns

nous Setup)

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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6.10 AC ELECTRICAL SPECIFICATIONS—EXTERNAL MASTER
INTERNAL ASYNCHRONOUS READ/WRITE CYCLES

(see Figure 6-8 and Figure 6-9)

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Symbol | Min | Max | Min | Max | Min | Max Unit
100 R/W Valid to DS Low tawvosL | O — 0 — 0 —_ ns
101 | DS Low to Data-In Valid tostowv | — | 30 | — | 25 [ — | 20 [ ns
102 | DTACK Low to Data-In Hold Time tpkLOH 0 — 1] — 0 — ns
103 | AS Valid to DS Low tasvosL | O — 0 — 0 — | ns
104 DTACK Low to AS, DS High tokLDSH (¢} —_ 0 — 0 — ns
105 | DS High to DTACK High tosHokH | — [ 45 | — | 40 | — | 80 ns
106 | DS Inactive to AS Inactive tpsiasi 0 — 0 — 0 — | ns
107 | DS High to RAW High toshawn| 0 | — | 0 | — | O | — | ns
108 | DS High to Data High Impedance tostpz | — | 46 | — | 40 | — | 30 ns
108A | DS High to Data-Out Hold Time (see Note)| tpsHDH 0 — 0 — 0 —_ ns
n 109A | Data Out Valid to DTACK Low toovoke | 15 — 15 = 10 e ns

NOTE: If AS is negated before DS, the data bus could be three-stated (spec 126) before DS is negated.

gl bL3L72ub 0L37u?? 174 R
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Figure 6-8. 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 6-10, Figure 6-11, and Figure 6-12)

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Symbol | Min | Max | Min | Max | Min | Max Unit
110 | Address Valid to AS Low tavasL | 15 | — 12 | — 10 | — ns
111 AS Low to Clock High tastcH | 30 — 25 - 20 — ns
112 | Clock Low to AS High toLasn | — 45 — 40 — 30 ns
113 | AS High to Address Hold Time on Write tasHAH 0 — 0 — 0 — ns
114 | ASInactive Time tasH 1 — 1 — 1 — clk
115 | UDS/LDS Low to Clock High (see Note 2| tsten | 40 | — [ 33 — [ 27 | — | s
116 | Clock Low to UDS/LDS High s | — | 45 | — | 40| — | 30 | ns
117 R/W Valid to Clock High (see Note 2) trwvcH | 30 — 25 — 20 — ns
118 Clock High to R/W High tCHRWH | — 45 — 40 — 30 ns
119 | AS Low to IAC High tASLIAH — 40 —_ 35 — 27 ns
120 | AS High to IAC Low taSHIAL — 40 — 35 — 27 ns
121 | AS Low to DTACK Low (0 Wait State) tasoTL | — 45 — 40 — 30 ns
122 | Clock Low to DTACK Low (1 Wait State) teLoTL - 30 — 25 — 20 ns
123 | AS High to DTACK High fastotH | — | 45 | — | 40 | — | 30 ns
124 | DTACK High to DTACK High Impedance | tpruprz | — 15 — 15 — 10 ns
125 Clock High to Data-Qut Valid tcHpov — 30 — 25 — 20 ns
126 AS High to Data High Impedance tasHpz — 45 — 40 — 30 ns
127 | AS High to Data-Out Hold Time tASHDOI 0 — 0 — 0 — ns
128 | AS High to Address Hold Time on Read tasHal 0 — o] — 0 — ns
129 | UDS/LDS Inactive Time tsH 1 — 1| — 1 — | ck
130 Data-In Valid to Clock Low teLow 30 — 25 — 20 — ns
131 Clock Low to Data-in Hold Time tcLpin 15 — 12 — 10 — ns
NOTES:

1. Synchronous specifications above are valid only when SAM = 1 in the SCR.
2. ltisrequiredthatthis signal not be asserted priorto 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.

. IB b3L7248 0137480 79 .
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Figure 6-10. External Master Internal Synchronous Read Cycle Timing Diagram
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Figure 6-12. External Master Internal Synchronbus Write Cycle Timing Diagram
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6.12 AC ELECTRICAL SPECIFICATIONS—INTERNAL MASTER
INTERNAL READ/WRITE CYCLES (see Figure 6-13)

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Symbol | Min | Max | Min | Max | Min | Max Unit
140 | Clock High to IAC High toHiAH — 40 — 35 — 27 ns
141 Clock Low to IAC Low toLiaL -~ 40 - 35 — 27 ns
142 | Clock High to DTACK Low teHoTL — 45 — 40 — 30 ns
143 | Clock Low to DTACK High footrH | — | 40 | — | 35 | — | 27 ns
144 Clock High to Data-Out Valid tcHpoV — 30 — 25 — 20 ns
145 | AS High to Data-Out Hold Time tASHDOH 0 — 0 — 0 — ns
S0 st s2 s3 s4 S5 86 57 S0 ,
& _ AN NN

><

- AV
o X
AS _/ /
(outPuT)

L en

UDs
s A1 J
(ouwmtrv—g) ZL——/ ﬁ <—>| {145
o 1T

iy

{OUTPUT) %

DTACK

Figure 6-13. Internal Master Internal Read/Write Cycle Timing Diagram
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6.13 AC ELECTRICAL SPECIFICATIONS—CHIP-SELECT TIMING
INTERNAL MASTER (see Figure 6-14)

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Symbol | Min | Max | Min | Max Min | Max
150 Clock High to TS, TACK Low (see Note 2) | tcHesIAKL 0 40 0 35 0 27
151 Clock Low to TS, TACK High (see Note 2) tcLcsIAKH (4] 40 0 35 (o] 27
152 | TS Width Negated tcsH 60 | — | 50 | — | 40| —
153 | Clock High to DTACK Low (0 Wait State) | tohotke | — | 45 | — 40 | — | 30
154 g{gg‘sl)_ow to DTACK Low (1-6 Wait o, | — | 30 | — | 25 | — | 20
155 | Clock Low to DTACK High toptkH | — | 40 | — | 38 | — | 27
156 | Clock High to BERR Low (see Note 1) tCHBERL — 40 — 35 — | 27
157 ﬁl:t%k#ow to BERR High Impedance (see | o0 | — | 40 | — [ 35 | — | 27
158 | DTACK High to DTACK High impedance | tprkHptkz | — 15 — 15 — 10
171 | Input Data Hold Time from S6 Low tipHOL 5 — 5 — 5 | —
n 172 | TS Negated to Data-Out Invalid (Write) tesnpol 10 | — 10 | — 7 —
173 Address, FC Valid to CS Asserted tAFVCSA 15 - 15 — 15 —
174 | TS Negated to Address, FC Invalid tcsNAF 15 — 15 — 12 —
175 | CS Low Time (0 Wait States) tosuLt 120 | — | 100 | — 80 —
176 | TS Negated to R/W Invalid tcsnvewt | 10 | — | 10| — 7 —
177 | TS Asserted to RW Low (Write) tosaRwL | — 10 —_ 10 | — 8
178 g‘éRN:agc?)ted to Data-In Invalid (Hold Time | .. 0 — o _ 0 _

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 TS relative timings can be
specified. However, TS 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 6-14. Internal Master Chip-Select Timing Diagram

6.14 AC ELECTRICAL SPECIFICATIONS—CHIP-SELECT TIMING
EXTERNAL MASTER (sce Figure 6-15)

16.67 MHz 20 MHz 25 MHz

Num. Characteristic Symbol | Min | Max | Min | Max | Min | Max | Unit
154 | Clock Low to DTACK Low (1-6 Wait States) | tcipte | — 30 — 25 — 20 ns
160 | AS Lowto CS Low tasicsL | — 30 —_ 25 —_ 20 ns
181 | AS High to CS High tascsH | — | 30 | — 25 | — | 20 | ns
162 | Address Valid to AS Low tavasL 15 — 12 —_ 10 — ns
163 | R/W Valid to AS Low (see Note 1) trRwvasL | 15 — 12 —_ 10 | — ns
164 | AS Negated to Address Hold Time tASHAI 0 — 0 —_ 0 — ns
165 | AS Low to DTACK Low (0 Wait State) tastotkL | — 45 — 40 — | 30 ns
167 | AS High to DTACK High tastptkH| — [ 30 | — | 25 | — | 20 | ns
168 | AS Low to BERR Low (see Note 2) taslBeERL | — 30 —_ 25 — 20 ns
169 ﬁggg; atgdBa?)Rﬁ High Impedance (see tasHeeERn | — 30 _ 25 | — | 20 | 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 6-15. External Master Chip-Select Timing Diagram

6.15 AC ELECTRICAL SPECIFICATIONS—PARALLEL VO

(see Figure 6-16)

50 S s2 83 S4 S5 S6 S7
o ___/ Nr_f\r_j Slc__/ sr E_\_/
<
A23-A1
(INPUT)
[ 1/62
_ i
(INPL?‘I'S) ’ \—v j
L -
S3-CS0 %
(OUTPUT)
- 163
FVW L
(INPUT) \ /
. @ ’_>
RS ¥ |
—> 168 —> (69
BERR b
(OUTPUT)

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Symbol | Min | Max | Min | Max Min | Max | Unit
180 Input Data Setup Time (to Clock Low) tbsu 20 — 20 — 14 —_ ns
181 Input Data Hold Time (from Clock Low) toH 10 — 10 — 19 — ns
Clock High to Data-out Valid
t 182 | (CPU Wikes Data, Control, or Direction) tcwoov | — [ 35 | — | 30 | — | 24 ns
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‘Figure 6-16. Parallel /O Data-In/Data-Out Timing Diagram

6.16 AC ELECTRICAL SPECIFICATIONS—INTERRUPTS

(see Figure 6-17)

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Symbol | Min | Max | Min | Max | Min | Max | Unit
Interrupt Pulse Width Low 1RQ (Edge Tri
190 | gered Mode) or PB8-11 BdgeTrig-| oy |50 | — |42 | — | 84 | — | ne
191 Minimum Time Between Active Edges taemT 3 — 3 — 3 — clk

NOTE: Setup time for the asynchronous inputs TPL2-1PLO and AVEC

edge of the clock.

guarantees their recognition at the next falling

1RQ
(INPUT)

(9

(1)

Figure 6-17. Interrupts Timing Diagram
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6.17 AC ELECTRICAL SPECIFICATIONS—TIMERS

(see Figure 6-18)

16.67 MHz 20 MHz 25 MHz

Num. Characteristic Symbol | Min | Max [ Min | Max Min | Max | Unit
200 Timer input Capture Pulse Width trew 50 — 42 — 34 — ns
201 TIN Clock Low Pulse Width tricLt 50 —_ 42 —_ 34 — ns
e | LSSk ™™ [ wow | 2 | — |2 | — |2 ||
203 TIN Clock Cycle Time feye 3 — 3 — 3 — clk
204 | Clock High to TOUT Valid fcHtov | — 35 — 30 — | 24 | ns
205 7In{)ut Setup Time (to Clock High) (see | ..o, | 20 _ 20 _ 1] — | ns
206 | FRZ Input Hold Time (from Clock High) teRzHT 10 —_ 10 — 7 —_ 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.

TOUT
{OUTPUT)
—
TIN \ I
(INPUT) \j—ﬂl—.—\_—#
@ .:1 T

FRZ
(INPUT)

Figure 6-18. Timers Timing Diagram

1
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6.18 AC ELECTRICAL SPECIFICATIONS—SERIAL
COMMUNICAT|ONS PORT (see Figure 6-19).

16.67 MHz 20 MHz 25 MHz

Num. Characteristic Min | Max | Min | Max | Min | Max | Unit
250 | SPCLK Clock Output Period 4 64 4 64 4 64 | clks
251 SPCLK Clock Output Rise/Fall Time [o] 15 0 10 0 8 ns
252 Delay from SPCLK to Transmit (see Note 1)| 0 40 0 30 0 24 ns
253 SCP Receive Setup Time (see Note 1) 40 — 30 — 24 — ns
254 SCP Receive Hold Time (see Note 1) 10 — 8 — 7 — 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 paralle! I/O pins.

& ~~®
(OUTPUT)
o XX X XXX Y

SPRXD
(INPUT)

Figure 6-19. Serial Communication Port Timing Diagram
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6.19 AC ELECTRICAL SPECIFICATIONS—IDL TIMING (Al timing measurements,

unless otherwise specified, are referenced to the L1CLK at 50% point of VDD) (see Figure 6-20).

16.67 MHz 20 MHz 25 MHz

Num. Characteristic Min | Max | Min. | Max | Min | Max | Unit
260 | L1CLK (IDL Clock) Frequency (see Note 1) | — 666 | — 8 —_ 10 | MHz
261 | L1CLK Width Low 55 — 45 — 37 — ns
262 | L1CLK Width High (see Note 3) P+10| — [P+10] — |P+10| — ns
263 %_E“;(D L1RQ, SDS1-SDS2 Rising/Falling | __ 20 —_ 17 _ 14 ns
264 | LI SY1 (sync) Setup Time (to LICLK Falling| 3 _ o5 _ 20 _ ns

Edge)
265 I['E1d g:; {sync) Hold Time (fromL1CLKFalling| gq _ 40 _ 34 _ ns
266 | L1SY1 (sync) Inactive Before 4th LICLK 0 — 0 — 0 — ns
267 EL Eé? Active Delay (from L1CLK Rising 0 75 0 65 0 50 ns

268 L1TxD to High Impedance (from LICLK Ris{ 50 0 42 0 34

ing Edge) (see Note 2) ns

269 | L1RxD Setup Time (to L1CLK Falling Edge)| 50 — 42 — 34 — ns

270 | L1RxD Hold Time (from L1CLK Falling Edge) 50 — 42 — 34 — ns

271 | Time Between Successive IDL syncs 20 — 20 - 20 — |L1CLK

272 | L1RQ Valid before Falling Edge of L1SY1 1 - 1 — 1 — L1CLK

273 | L1GR Setup Time (to L1SY1 Falling Edge) | 50 — 42 — 34 — ns

274 | L1GR Hold Time (from L1SY1 Falling Edge)| 50 — 42 — 34 — ns
SDS1-SDS2 Active Delay from L1CLK Ris-

275 |ijng Edge v 10 | 756 | 10 | 65 | 7 | 80 | ns
SDS1-SDS2 Inactive Delay from L1CLK

276 | Baling Edge y 10 | 75 | 10 | 65 | 7 | 50 | 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.

6-30 MC68302 USER'S MANUAL MOTOROLA
M b3b7248 0137491 544 I

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



Electrical Characteristics

®

@~
i

8/ \t/ \o/ \s/ \v E-
792

~@®

"

@
AAAVAARY
) .? @

(LndN)
Ho1

(1nd1no)
oI

{tndLno)
2808-18as

{LNdNI)
axyi

(tnd1no)
axX1h

(LndND)
1041

M (Lnan)
FASH

Figure 6-20. IDL Timing Diagram
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6.20 AC ELECTRICAL SPECIFICATIONS—GCI TIMING

GClI 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 6-21).

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Min | Max [ Min | Max | Min | Max | Unit
h10 (‘JGLI1()GCI Clock Frequency (Normal Mode) (see . 512 | — 512 | — 512 | kHz
280 | L1CLK Clock Period Normal Mode (see Note 1) 1800 | 2100 | 1800 | 2100 | 1800 | 2100 [ ns
281 | L1CLK Width Low/High Normal Mode 840 | 1450 | 840 | 1450 | 840 | 1450 | ns
282 | L1CLK Rise/Fall Time Normal Mode (see Note 4) — — - — — _— ns
kl1o ?eLI1<) (GCI Clock) Frequency (MUX Mode) (see _ leees| — leee8! — |6.668| MHz
280 | L1CLK Clock Period MUX Mode (see Note 1) 150 | — 150 | — 150 | — ns
281 | L1CLK Width Low MUX Mode 55 [ — 55| — 85| — ns
281A | L1CLK Width High MUX Mode (see Note 5) P+10| — [P+10| — |P+10} — ns
282 | L1CLK Rise/Fall Time MUX Mode (see Note 4) — — — — — — ns
283 | L1SY1 Sync Setup Time to L1CLK Falling Edge 30| — 251 — 20| — ns
n 284 | L1SY1 Sync Hold Time from L1CLK Falling Edge 650 [ — 42 — 34 — ns
285 h‘l) Edg)Active Delay (from L1CLK Rising Edge) (see o! 100 0 85 ol 70 ns

286 h1° '{é(g)Active Deiay (from L1SY1 Rising Edge) (see ol 100 0 85 0 70 | ns

287 | L1RxD Setup Time to L1CLK Rising Edge 20 — 17| — 14| — ns

288 | L1RxD Hold Time from L1CLK Rising Edge 50| — 42| — 34 | — ns

ogg | Time Between Successive L1SY1in Normal| 64 — 64 — 64 — [L1CLK
SCITMode| 192 | — [ 192 | — | 192 [ — |LICLK

290 (Sslggk—ggg)z Active Delay from LICLK Rising Edge| 19| g0 10| 75 7 60

291 SDS1-SDS2 Active Delay from L1SY1 Rising Edge 10 90 10 75 7 60

ns

(see Note 3) ns

og2 2398;—3082 Inactive Delay from L1CLK Falling 10 90 10| 75 7 60 ns

293 | GCIDCL (GCI Data Clock) Active Delay 0 50 0 42 o| 34 ns
NOTES:

1.The ratio CLKO/L1CLK must be greater than 2.5/1.

2. Condition C|_= 150 pF. L1TD becomes valid after the L1 CLK rising edge or L1SY1, whichever is later.
3.8DS1-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 6-21. 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 6-22
and Figure 6-23).

16.67 MHz 20 MHz 25 MHz
Num. Characteristic Min | Max | Min | Max Min Max Unit
300 I1.)1 CLK (PCM Clock) Frequency (seeNote | _ | gg5 | — 8.0 _ 10.0 MHz
301 | L1CLK Width Low 55 | — | 45 | — 37 — ns
301A | L1CLK Width High (see Note 4) P+10| — [|P+10| — P+10 — ns
302 lﬁ1| SS[:&)TEIaB 2Y1 Setup Time to L1CLK 0 _ 0 _ 0 _ ns
a0s | LASYO-LISY1 Hold Time from L1CLK 0| — | a3 | — 27 _ ns
304 L1SY0-L1SY1 Width Low 1 — 1 —_ 1 — L1CLK
305 '(I'Sirﬂgnt;awneqzl; Successive Sync Signals 8 _ 8 _ 8 _ L1CLK
n 306 I(.sgexﬁggtg)Valid after LICLK Rising Edge | 70 0 60 0 47 ns
307 Iﬁls]r)sngD é% glei;);h Impedance (from L1CLK 0 50 0 42 0 34 ns
308 | kI gél):)(géaéu Time (to L1CLK Falling o0 | — | 17| — 14 _ ns
309 |§1d Igég)(ls-léaédN'gi{\;% )(from L1CLK Falling 50 _ 42 _ 34 _ ns
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 L1 8Y1) is changed
simultaneousty 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 Envelopes Data) n
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NOTE: {*) If L1SY¥n is guaranteed to make a smooth low to high transition (no spikes) while the clock is high, setup time can be defined as shown
{min 20 ns).

Figure 6-23. 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 6-24).

16.67 MHz | 16.67 MHz | 20 MHz 20 MHz 25 MHz 25 MHz
Num Characteristic Internal External Internal External | Internal External Unit
- cle Clock Clock Clock Clock Clock Clock
Min | Max | Min | Max | Min | Max [ Min | Max | Min | Max | Min | Max
RCLK1 and TCLK1 Fre-
315 | quency (see Note 1) — |555| — |6668] — |666| — | 8 | — |833| — | 10 |MHz
RCLK1 and TCLK1 Low
316 (see Note 4) 65 — |P+10} — 55 — |P+10} — | 45 | — |P+10| — ns
316a | RCLK1 and TCLK1 High 65| — | 55| — | 656 | — | 45 | — |45 | — | 35 | — | ns
RCLK1 and TCLK1 Rise/Fall
317 | Yime (see Note 3) —l2o| === |7 | === || —|—|"
TXD1 Active Delay from
318 | TCLKA Falling Edge 0|4 | o|70| 0|8 | 0|50 | 0|25]| 0|40 |ns
n a1e | FTSTActvolnactiveDelay | o |40 | o |100| 0 |30 | 0 (80| 0 |25]| 0 |65 ns
CTST Setup Time to TCLK1
320 | Rising Edge 50| —|10|—|4|—|7|—[38]|—|7|—]|ns
RXD1 Setup Time to RCLK1
321 | Riging Edge 50| —|10|—|4|—|7|—|3|—|7|—|ns
RXD1 Hold Time from
322 | RCLK1 Rising Edge (see 10 | — | 50 | — 7 — | 40 | — 7 — | 38 | — | ns
Note 2)
CD1 Setup Time to RCLK1
323 | Rising Edge 50| —|10|—|4|—|7|—|388]|—17|—|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/RCLK1 ratio greater than or equal to 3/1.

In asynchronous mode (UART), the bit rate is 1/16 of the TCLK1/RCLK1 clock rate.
. Also applies to TD hold time when CD is used as an external sync in BISYNC or totally transparent mode.
. Schmitt triggers used on input buffers.
. Where P = 1/CLKO. Thus, for a 16.67-MHz CLKO rate, P = 60 ns.
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Figure 6-24. NMSI Timing Diagram
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