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_ TECHNICAL DATA

MC68331
MC68332
MC68334

Technical Supplement
Electrical Characteristics

The M68300 Modular Microcontroller Family includes a number of 32-bit devices built up from a
selection of functional modules. MC68331, MC68332, and MC68334 microcontrollers contain the
same central processing unit (CPU32) and system integration module (SIM), and thus have
similar electrical characteristics.

This supplement consists of a new electrical characteristics appendix (Appendix A) that replaces
Section 8 of the MC68331 User's Manual (MC68331UM/AD) and Section 10 of the MC68332
User's Manual (MC68332UM/AD). The MC68334 User's Manual (MC68334UM/AD) will include
Appendix A when it is published. ’

Appendix A contains specification tables and timing diagrams. Each timing diagram has an
individual key table of parameters abstracted from the specification tables. Pertinent notes have
been included in the key tables. Because the MC68331 has no on-chip RAM and no time
processing unit (TPU), there is a separate DC characteristics table (Table A—4) for this device.

Improved specifications contained in this supplement include:

»  System clock timing and stability parameters

» Device and clock synthesizer current parameters

»  Power consumption parameters

« Data bus mode select and reset timing parameters

«  Fast termination bus cycle timing parameters

« Background debugging mode (BDM) timing parameters

o ECLK bus timing parameters

»  Chip-select timing parameters

» Queued serial peripheral interface (QSPI) timing parameters

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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Table A-1. Maximum Ratings

Rating Symbol Value Unit
Supply Voltage1.2, 6 Vbbp -0.31046.5 v
input Voltagel. 2. 3,6 Vin -0.3t0+6.5 '}
Instantaneous Maximum Current
Ip 25 mA
Single pin limit (applies to all pins)1. 4. 5,6
Operating Maximum Current
Digital input disruptive current 4. 5,7 lip 50010 500 KA
Vgg—-0.3<V|y <Vpp+ 03
Operating Temperature Range TLtoTH
MC68332 "C" Suffix Ta —40to 85 oC
MC68332 "V" Suffix —40to 105
MC68332 "M" Suffix ~40to 125
Storage Temperature Range Tatg -55 to 150 °C
NOTES:

1. Permanent damage can occur if maximum ratings are exceeded. Exposure to
voltages or currents in excess of recommended values affects device reliability.

Device modules may not operate normally while being exposed to electrical

extremes.

2. Although sections of the device contain circuitry to protect against damage from
high static voltages or electrical fields, take normal precautions to avoid exposure
to voltages higher than maximum-rated voltages.

3. All pins except TSTME/TSC.

4. All functional non-supply pins are internally clamped to Vgs. Ali functional pins
except EXTAL, TSTME/TSC, and XFC are internally clamped to Vpp.

5. Power supply must maintain regulation within operating Vpp range during

instantaneous and operating maximum current conditions.

6. This parameter is periodically sampled rather than 100% tested.

7. Total input current for all digital input-only and all digital input/output pins must not
exceed 10 mA. Exceeding this limit can cause disruption of normal operation.
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MC68300

Table A-2. Thermal Characteristics

Characteristic Symbol Value Unit
TherrTIaI ReS|.stance oun ag W
Plastic 132-Pin Surface Mount
NOTES:
The average chip-junction temperature (T;) in C can be obtained from:
Ty=Ta+(Pp x8ya) (1)

where

TA = Ambient Temperature, °C

A = Package Thermal Resistance, Junction-to-Ambient, °C/W

Pp =PiNT+Pro

PiNT = Ipp %X Vpp, Watts — Chip Internal Power

Pvo = Power Dissipation on Input and Output Pins — User Determined

For most applications Pyyo < PjNT and can be neglected. An approximate

relationship between Pp and Ty (if P|,o is neglected) is:
Pp=K+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:

K=Pp+ (TA+273°C)+ ©axPp2 (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 T can be obtained by solving equations (1) and (2)

iteratively for any value of Ta.

APPENDIX A
ELECTRICAL CHARACTERISTICS

MOTOROLA
A-3



Table A-3. Clock Control Timing
(Vpp and Vppsyn = 5.0 Vdc £10%, Vgs = 0 Vdc, To=T to Ty,
32.768 kHz reference)

Characteristic Symbol Min Max Unit

PLL Reference Frequency Range fret 25 50 kHz
System Frequency! dc 16.78
On-Chip PLL System Frequency fsys 0.131 16.78 MHz
External Clock Operation dc 16.78
PLL Lock Time?2 tipll — 20 ms
Limp Mode Clock Frequency®

SYNCR X bit = 1 — fsys max
CLKOUT Stability4 5

Short term Csiab -1.0 1.0 o

Long term -0.5 0.5

NOTES:
1. Allinternal registers retain data at 0 Hz.

2. Assumes that stable Vppgyn is applied, that an external filter capacitor with a value of
0.1 uF is attached to the XFC pin, and that the crystal oscillator is stable. Lock time is
measured from power-up to RESET release. This specification also applies to the
period required for PLL lock after changing the W and Y frequency control bits in the
synthesizer control register (SYNCR) while the PLL is running, and to the period
required for the clock to lock after LPSTOP.

3. Determined by the internal reference voltage applied to the on-chip VCO. The X bit in
SYNCR controls a divide by two prescaler on the system clock output.

4. Short-term CLKOUT stability is the average deviation from programmed frequency
measured over a 2 ps interval at maximum fsys. Long-term CLKOUT stability is the
average deviation from programmed frequency measured over a 1 ms interval at
maximum fsys. Stability is measured with a stable external clock input applied ~
variation in crystal oscillator frequency is additive to this figure.

5. This parameter is periodically sampled rather than 100% tested.
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Table A-4a. MC68331 DC Characteristics
(Vop and Vppsyn = 5.0 Vdc £ 10%, Vgg =0 Vdc, To =T to Ty)

Characteristic Symbol Min Max Unit
Input High Voltage VIH 0.7 (Vpp) | VDD+03 | V
Input Low Voltage ViL Vgs-03 | 02(vpp) | V
Input Hysteresis’ VHys 0.5 - v
Input Leakage Current2
Vin = Vppor Vss Input-only pins lin -25 2.5 HA
High Impedance (Off-State) Leakage Current?
Vin = VDD or Vgs All input/output and output pins loz —25 2.5 HA
CMOS Output High Voltage?: 3
loH = —-10.0 pA Group 1, 2, 4 input/output and all output pins Von |Vbp-02 - v
CMOS Output Low Voltage? v 5 v
loL = 10.0 pA Group 1, 2, 4 input/output and all output pins oL - 0.
Output High Voltage2 3
loH =—0.8 mA Group 1, 2, 4 input/output and all output pins Vou |Vbp-08 - v
Output Low Voltage?
loL=1.6mA Group 1 /O Pins, CLKOUT, FREEZE/QUOT, IPIPE — 0.4
loL=5.3 mA Group 2 and Group 4 /O Pins, CSBOOT, BG/CS VoL —_ 0.4 v
loL=12mA Group 3 _ 0.4
Three State Control Input High Voltage ViuTsc | 1-6 (Vpp) 9.1 Vv
Data Bus Mode Select Pull-up Current®
Vin=ViL DATA[15:0] |
SP — -120 HA
Vin=VH DATA[15:0] 15 -
Vbp Su‘[)ply Current®
RUN Ibp - 124 mA
LPSTOP, 32.768 kHz crystal, VCO Off (STSIM = 0) SioD — 350 KA
LPSTOP (External clock input frequency = maximum fgys) SiDD — 5 mA
Clock Synthesizer Operating Voltage VDDSYN 4.5 5.5 v
Vppsyn Supply Current®
32.768 kHz crystal, VCO on, maximum fgys IDDSYN 1 mA
External Clock, maximum fgys IbpsyYN 5 mA
LPSTOP, 32.768 kHz crystal, VCO off (STSIM = 0) SIDDSYN 150 KA
32.768 kHz crystal, Vpp powered down IDDSYN 100 HA
MC68300 APPENDIX A MOTOROLA
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Table A-4a. MC68331 DC Characteristics (Continued)
(Vpp and VppsyN = 5.0 Vdc £ 10%, Vgg =0 Vde, Ta =T to Ty)

Characteristic Symbol Min Max Unit
Power Dissipation7 Pp — 690 mw
Input Capacitance?: 8 All input-only pins ; — 10
All input/output pins Cin — 20 pF

Load Capacitance?

Group 1 I/0 Pins and CLKOUT, FREEZE/QUOT, IPIPE — 90
Group 2 /O Pins and CSBOOT, BG/CS CL — 100 oF
Group 3 I/0 pins — ;gg

Group 4 I/O pins

NOTES:

1. Applies to:
Port D [7:0]
Port E [7:3]

Port F [7:0]
TSTME/TSC, BKPT, RESET, IFETCH, RXD

2. Input-Only Pins: TSTME/TSC, BKPT, RXD
‘Output-Only Pins: CSBOOT, BG/CS, CLKOUT, FREEZE/QUOT, IPIPE
Input/Output Pins:
Group 1: DATA[15:0], IFETCH
Group2:  Port C (ADDR23/ECLK, ADDR[22:19)/CS[9:6], FC[2:0)/CS[5:3])
Port D (PCS[3:1],TXD, PCS0/SS)
Port E (DSACK][1:0], AVEC, RMC, DS, AS, SiZ[1:0])
Port F (IRQ[7:1, MODCLK) L
ADDRJ[18:0}, R/W, BERR, BR/CS0, BGACK/CS2
Group 3: HALT, RESET
Group 4: MISO, MOSI, SCK

3. Does not apply to HALT and RESET because they are open drain pins. Does not apply to Port D (MISO, MOSI,
SCK, PCS0/SS, PCS[3:1), TXD) in wired-OR mode.

Current measured with system clock frequency of 16.78 MHz, all modules active.
Use of an active pulldown device is recommended.
Total operating current is the sum of the appropriate Vpp supply and VppsyN supply current.

Power dissipation measured with system clock frequency of 16.78 MHz, all modules active. Power dissipation
is calculated using the following exprassion:

Pp =Maximum Vpp (IppsyN + 10OD)
8. Input capacitance is periodically sampled rather than 100% tested.

No ok
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Table A-4b. MC68332/MC68334 DC Characteristics
(Vpp and Vppsyn = 5.0 Vdc £ 10%, Vgg =0 Vde, To=T to Ty)

Characteristic Symbol Min Max Unit
Input High Voltage Vi | 07(pp)| VOD+03 | V
Input Low Voltage ViL | Vss-03| 02(pp)| V
Input Hysteresis' VHys 0.5 — \
Input Leakage Current?
Vin = VDD O Vss Input-only pins lin -2.5 2.5 HA
High Impedance (Off-State) Leakage Current?
Vin=VpDor Vss All input/output and output pins loz —2.5 2.5 HA
CMOS Output High Voltage? 3
loH =—10.0 pA Group 1, 2, 4 input/output and all output pins Vor |Vbp-02 - v
CMOS Output Low Voltage? v
loL = 10.0 uA Group 1, 2, 4 input/output and all output pins oL - 0.2 v
Output High Voltage? 3 v v g
loH =~0.8 mA Group 1, 2, 4 input/output and all output pins OH pp—0. - v
Output Low Voltage?
loL=1.6mA Group 1 /O Pins, CLKOUT, FREEZE/QUOT, IPIPE — 0.4
loL=5.3mA Group 2 and Group 4 /O Pins, CSBOOT, BG/CS VoL —_ 0.4 \
loL=12mA Group 3 _ 0.4
Three State Control Input High Voltage Viitsc | 16 (Vpp) 9.1 Vv
Data Bus Mode Select Pull-up Current®
Vin=VIL DATA[15:0] i
MSP - -120 HA
Vin=ViH DATA[15:0] 15 “
Vpp Su‘f)ply Current®
RUN Ibp — 124 mA
RUN, TPU emulation mode Ibp — 134 mA
LPSTOP, 32.768 kHz crystal, VCO Off (STSIM = 0) Siop — 350 MA
LPSTOP (External clock input frequency = maximum fgys) SipD — 5 mA
Clock Synthesizer Operating Voltage VDDSYN 4.5 5.5 \"
VppsyN Supply Current®
32.768 kHz crystal, VCO on, maximum fgys IpDSYN - 1 mA
External Clock, maximum fgy¢ IpbsyN — 5 mA
LPSTOP, 32.768 kHz crystal, VCO off (STSIM = 0) SIDDSYN 150 KA
32.768 kHz crystal, Vpp powered down IDDSYN - 100 HA
RAM Standby Voltage”
Specified Vpp applied Vsg 0.0 5.5 Vv
Standby mode, Vpp = Vss 3.0 5.5
RAM Standby Current
Specified Vpp applied Is — 10 LA
Standby mode, Vpp = Vsg Isg 50 HA
MC68300 APPENDIX A MOTOROLA
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Table A-4b. MC68332/MC68334 DC Characteristics (Continued)
(Vpp and Vppsyn = 5.0 Vdc = 10%, Vgg =0 Vdc, To =T to Ty)

Characteristic Symbol Min Max Unit
Power Dissipation® Pp — 690 mW
Input Capacitance? 9 Ali input-only pins o — 10
All input/output pins in —_ 20 pF
Load Capacitance?
Group 1 /O Pins and CLKOUT, FREEZE/QUOT, IPIPE — 90
Group 2 IO Pins and CSBOOT, BG/CS CL — 100 pF
Group 3 I/0 pins — 130
Group 4 I/0 pins — 200
NOTES:
1. Applies to:
TP[15:0]
Port D [7:0}
Port E [7:3]
Port F [7:0]

TSTME/TSC, BKPT, RESET, IFETCH, T2CLK, RXD
2. Input-Only Pins: TSTME/TSC, BKPT, T2CLK, RXD
‘Output-Only Pins: CSBOOT, BG/CS, CLKOUT, FREEZE/QUOT, IPIPE
Input/Output Pins:
Group 1: DATA[15:0], IFETCH, TP[15:0]

Group 2: Port C (ADDR23/ECLK, ADDR[22:19}/CS[9:6], FC[2:0)/CS[5:3])
Port D (PCS[3:1],TXD, PCS0/SS)
Port E (DSACK]1:0], AVEC, RMC, DS, AS, SiZ[1:0])
Port F (IRQ[7:1], MODCLK) _
ADDR{18:0], R'W, BERR, BR/CS0, BGACK/CS2

Group 3: HALT, RESET
Group 4: MISQO, MOSI, SCK

3. Does not apply to HALT and RESET because they are open drain pins. Does not apply to Port D (MISO, MOSI,
SCK, PCS0/8S, PCS[3:1], TXD) in wired-OR mode.

Current measured with system clock frequency of 16.78 MHz, all modules active.
Use of an active pulldown device is recommended.
Total operating current is the sum of the appropriate Vpp supply and Vppsyn supply current.

The SRAM module will not switch into standby mode as long as Vg does not exceed Vpp by more than 0.5
Voit. The SRAM array cannot be accessed while the module is in standby mode.

8. Power dissipation measured with system clock frequency of 16.78 MHz, all modules active. Specification
does not include TPU emulation mode. Power dissipation is calculated using the following expression:

N ook~

Pp =Maximum Vpp (Ippsyn + IpD)
9. Input capacitance is periodically sampled rather than 100% tested.
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Table A-5. AC Timing

(Vpp and VppsyN = 5.0 Vdc £ 10%, Vgg =0 Vdc, To =T to Ty)

Num Characteristic Symbol Min Max | Unit

F12 | Frequency of Operation (32.768 kHz crystal) f 0.13 16.78 | MHz
1 Clock Period teyc 59.6 — ns
1A ECLK Period tEcyc 476 — ns
183 | External Clock Input Period tXeye 59.6 — ns
2,3 Clock Pulse Width tcw 24 — ns
2A, 3A | ECLK Pulse Width tECw 236 — ns
2B, 3B3 | External Clock Input High/Low Time tXCHL 29.8 —_ ns
4,5 Clock Rise and Fall Time tert —_ 5 ns
4A, 5A | Rise and Fall Time — All Outputs except CLKOUT trt —_ 8 ns
4B, 5B | External Clock Rise and Fall Time txcrt — 5 ns
6 Clock High to Address, FC, SIZE, RMC Valid tCHAV 0 29 ns
7 Clock High to Address, Data, FC, SIZE, RMC High Impedance tcHAZx 0 59 ns
8 Clock High to Address, FC, SIZE, RMC Invalid tCHAZN 0 — ns
9 Clock Low to AS, DS, CS Asserted tcLsA 2 25 ns
9A4 | AStoDS or CS Asserted (Read) tSTSA -15 15 ns
9C | Clock Low to IFETCH, IPIPE Asserted tcLA 2 22 ns
R G ST war | 5 | — |
12 | Clock Low to AS, DS, CS Negated tcLSN 2 29 ns
12A | Clock Low to IFETCH, IPIPE Negated tCLIN 2 22 ns
18 | A dece RO BIZE mvalid (Address Hold) ISNAI 15 — |
14 | AS, CS (and DS Read) Width Asserted tSWA 100 — ns
14A | DS, CS Width Asserted (Write) tSWAW 45 — ns
14B | AS, CS (and DS Read) Width Asserted (Fast Write Cycle) tswow 40 — ns
155 | AS, DS, CS Width Negated tSN 40 — ns
16 | Clock High to AS, DS, R/W High Impedance toHSZ — 59 ns
17 | AS, DS, CS Negated to R/W High tSNRN 15 — ns
18 | Clock High to R/W High tCHRH 0 29 ns
20 | Clock High to RAW Low tCHRL 0 29 ns
21 R/W High to AS, CS Asserted tRAAA 15 — ns
22 RW Low to DS, CS Asserted (Write) tRASA 70 — ns
23 Clock High to Data Out Valid tCHDO — 29 ns

MC68300 APPENDIX A MOTOROLA
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Table A-5. AC Timing (Continued)
(Vop and Vppsyn = 5.0 Vdc = 10%, Vgg = 0 Vdc, Tao =T to Th)

Num Characteristic Symbol Min Max | Unit
24 Data Out Valid to Negating Edge of AS, CS (Fast Write Cycle) tDvASN 15 — ns
25 DS, CS Negated to Data Out Invalid (Data Out Hold) tsNDOI 15 — ns
26 Data Out Valid to DS, CS Asserted (Write) tDvsA 15 —_ ns
27 Data In Valid to Clock Low (Data Setup) tbicL 5 - ns

27A | Late BERR, HALT Asserted to Clock Low (Setup Time) tBELGL 20 — ns
28 AS, DS Negated to DSACK[1:0}, BERR, HALT, AVEC Negated tSNDN 0 80 ns
296 | Ds,Cs Negated to Data In Invalid (Data In Hold) tsnDI 0 — ns
20A%.7 I DS, CS Negated to Data In High Impedance tSHDI — 55 ns
306 | CLKOUT Low to Data In Invalid (Fast Cycle Hold) teLpl 15 — ns
30A8 | CLKOUT Low to Data In High Impedance tCLDH —_ 90 ns
318 | DSACK[1:0] Asserted to Data In Valid tpADI — 50 ns
33 | Clock Low to BG Asserted/Negated tCLBAN — 29 ns
359 | BR Asserted to BG Asserted (RMC Not Asserted) 1BRAGA 1 — teyc
37 BGACK Asserted to BG Negated 1GAGN 1 2 teye
39 | BG Width Negated tGH 2 — toyc
39A | BG Width Asserted tca 1 — | teye
46 | R/W Width Asserted (Write or Read) tRWA 150 — ns
46A | R/W Width Asserted (Fast Write or Read Cycle) tRWAS 90 — ns
47A AS%%?’;;Z%’;"B%‘;{?E{:’%]T BERR, AVES, FALT taisT 5 — | ns
47B | Asynchronous Input Hold Time tAIHT 15 — ns

4810 | DSACK[1:0] Asserted to BERR, HALT Asserted tDABA — 30 ns
53 Data Out Hold from Clock High tbocH 0 — ns
54 Clock High to Data Out High Impedance tcHDH — 28 ns
55 R/W Asserted to Data Bus Impedance Change tRADC 40 — ns
56 RESET Pulse Width (Reset Instruction) tHRPW 512 — teye
57 BERR Negated to HALT Negated (Rerun) IBNHN 0 — ns
70 Clock Low to Data Bus Driven (Show) tscLDD 0 29 ns
7 Data Setup Time to Clock Low (Show) tscLps 15 — ns
72 Data Hold from Clock Low (Show) tSCLDH 10 — ns
73 BKPT Input Setup Time tBKST 15 — ns

MOTOROLA APPENDIX A MC68300
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Table A-5. AC Timing (Continued)
(Vpp and Vppsyn = 5.0 Vdc £ 10%, Vgg =0 Vdc, Tpo =T to Ty)

Num Characteristic Symbol Min Max | Unit
74 | BKPT Input Hold Time tBKHT 10 — ns
75 Mode Select Setup Time tmss 20 — teye
76 Mode Select Hold Time tMSH 0 — ns
77 | RESET Assertion Time!! trsTA 4 — teye
78 RESET Rise Time'2 13 tRSTR — 10 teye

NOTES:

1.
2.
3.

10.

11,

12.

13.
14,

All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.
Minimum system clock frequency is four times the crystal frequency, subject to specified limits.

Minimum external clock high and low times are based on a 50% duty cycle. The minimum allowable txcyc
period will be reduced when the duty cycle of the external clock signal varies. The relationship between
external clock input duty cycle and minimum txcyc is expressed:

Minimum txcyc period = minimum txcHL / (50% — external clock input duty cycle tolerance).

To achieve maximum operating frequency (fsys) while using an external clock input, adjust clock input duty
cycle to obtain a 50% duty cycle on CLKOUT.

Speciﬁcétion 9A is the worst-case skew between AS and DS or CS. The amount of skew depends onthe
relative loading of these signals. When loads are kept within specified limits, skew will not cause AS and DS to
fall outside the limits shown in specification 9.

If multiple chip selects are used, CS width negated (specification 15) applies to the time from the negation of a
heavily loaded chip select to the assertion of a lightly loaded chip select. The CS width negated specification
between multiple chip selects does not apply to chip selects being used for synchronous ECLK cycles.

These hold times are specified with respect to DS or CS on asynchronous reads and with respect to CLKOUT
on fast cycle reads. The user is free to use either hold time.

Maximum value is equal to (teyc/ 2) + 25 ns.

If the asynchronous setup time (specification 47A) requirements are satisfied, the DSACK]1:0] low to data
setup time (specification 31) and DSACK[1:0] low to BERR low setup time (specification 48) can be ignored.
The data must only satisfy the data-in to clock low setup time (specification 27) for the following clock cycle.
BERR must satisfy only the late BERR low to clock low setup time (specification 27A) for the following clock
cycle.

To ensure coherency during every operand transfer, BG will not be asserted in response to BR until after all
cycles of the current operand transfer are complete and RMC is negated.

in the absence of DSACK[1:0], BERR is an asynchronous input using the asynchronous setup time
(specification 47A).

After external RESET negation is detected, a short transition period (approximately 2 tcyc) elapses, then the
SIM drives RESET low for 512 teyc.

External assertion of the RESET input can overlap internally-generated resets. To insure that an external
reset is recognized in all cases, RESET must be asserted for at least 590 CLKOUT cycles.

External logic must pull RESET high during this period in order for normal MCU operation to begin.

Address access time = (2.5 + WS) teye — tcHAV — tDICL
Chip select access time = (2 + WS) teyec — tcLsA = tDICL
Where: WS = number of wait states. When fast termination is used (2 clock bus) WS = 1.

MC68300 APPENDIX A MOTOROLA
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Table A-6. Background Debugging Mode Timing
(Vpp = 5.0 Vdc +10%, Vgs =0 Vdc, Ta =T to T)

Num Characteristic Symbol Min Max | Unit
Bo [ DSl Input Setup Time tpsisu 15 — ns
B1 DSl input Hold Time tDSIH 10 — ns
B2 DSCLK Setup Time tbscsu 15 — ns
B3 | DSCLK Hold Time tbscH 10 —_ ns
B4 | DSO Delay Time tbSOD — 25 ns
B5 DSCLK Cycle Time tosceye 2 — teye
B6 | CLKOUT High to FREEZE Asserted/Negated tFRZAN — 50 ns
B7 | CLKOUT High to IFETCH High Impedance (1= — 50 ns
B8 | CLKOUT High to IFETCH Valid tE — 50 ns
B9 DSCLK Low Time tpscLo 1 — teye

NOTES:
1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.
Table A-7. ECLK Bus Timing
(Vbp=5.0Vdc £ 10%,Vgs=0Vdc, Ta=Tto Ty)

Num Characteristic Symbol Min Max | Unit
E12 | ECLK Low to Address Valid teAD — 60 ns
E2 | ECLK Low to Address Hold tEAH 10 — ns
E3 | ECLK Lowto CS Valid (CS delay) tecsD — 150 ns
E4 | ECLK Low to CS Hold tECSH 15 — ns
E5 | CS Negated Width tECSN 30 — ns
E6 Read Data Setup Time tEDSR 30 — ns
E7 | Read Data Hold Time tEDHR 15 — ns
E8 | ECLK Low to Data High Impedance tEDHZ — 60 ns
E9 | CS Negated to Data Hold (Read) tECDH 0 — ns

E10 | CS Negated to Data High Impedance teCcDZ — 1 teye

E11 | ECLK Low to Data Valid (Write) tEpDW - 2 teye

E12 | ECLK Low to Data Hold (Write) tEDHW — ns

E13 | CS Negated to Data Hold (Write) tECHW 0 — ns

E14% | Address Access Time (Read) tEaCC 386 — ns

E154 | Chip Select Access Time (Read) tEaCS 296 — ns

E16 | Address Setup Time teas 172 — teye

NOTES:

Rl el e

Address access time = tgcyc — tEAD — tEDSR-
Chip select access time = tgcyc — tECSD — tEDSR-

MOTOROLA
A-12

APPENDIX A

ELECTRICAL CHARACTERISTICS

All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.
When the previous bus cycle is not an ECLK cycle, the address may be valid before ECLK goes low.
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Table A-8. QSPI Timing
(Vpp = 5.0 Vdc + 10%, Vgs = 0 Vdc, Ta = T to Ty 200 pF load on all QSPI pins)

Num Function Symbol Min Max Unit
Operating Frequency
Master fop DC 1/4 System Clock Frequency
Slave DC 1/4 System Clock Frequency
Cycle Time
1 Master tacye 4 510 teye
Slave 4 — teye
Enable Lead Time
2 Master tiead 2 128 teyc
Slave 2 —_ teye
Enable Lag Time
3 Master tiag — 172 SCK
Slave 2 — teye
Clock (SCK) High or Low Time
4 Master tsw | 2tcyc—60 | 255tcyc ns
Slave? 2tcyc—n — ns
Sequential Transter Delay
5 Master ttd 17 8192 teye
Slave (Does Not Require Deselect) 13 — teye
Data Setup Time (Inputs)
6 Master tsu 30 — ns
Slave 20 — ns
Data Hold Time (Inputs)
7 Master thi 0 — ns
Slave 20 — ns
Slave Access Time ta — 1 teye
Slave MISO Disable Time tdis — 2 teye
Data Valid (after SCK Edge)
10 Master ty — 50 ns
Slave — 50 ns
Data Hold Time (Outputs)
1 Master tho 0 —_ ns
Slave 0 —_ ns
Rise Time
12 Input tri — 2 s
Output tro —_ 30 ns
Fall Time
13 Input tfi — 2 us
Output tio — 30 ns
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.
2. Informula, n = External SCK rise + External SCK fall time
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NOTE: Timing shown with respect to 20% and 70% Vpp.

Figure A-1. CLKOUT Output Timing Diagram
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NOTE: Timing shown with respect to 20% and 70% Vpp. Pulse width shown with respect to 50% Vpp.

Figure A-2. External Clock Input Timing Diagram
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NOTE: Timing shown with respect to 20% and 70% Vpp.
Figure A-3. ECLK Output Timing Diagram
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Key to Figures A-1, A-2, A-3
(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
1 Clock Period teye 59.6 —_— ns
1A | ECLK Period tEcyc 476 — ns
1B3 | External Clock Input Period tXcyc 59.6 — ns
2,3 | Clock Pulse Width tcw 24 — ns
2A, 3A | ECLK Pulse Width tecw 236 — ns
2B,3B3| External Clock Input High/Low Time tXCHL 29.8 — ns
h 4,5 | Clock Rise and Fall Time tort — 5 ns
4A, 5A | ECLK Rise and Fall Time ter —_ 8 ns
4B, 5B | External Clock Rise and Fall Time txcr — 5 ns

NOTES:

1. All AC timing is shown with respect o 20% Vpp and 70% Vpp levels unless otherwise noted.

3. Minimum external clock high and low times are based on a 50% duty cycle. The minimum allowable
txcyc period will be reduced when the duty cycle of the external clock signal varies. The relationship

between external clock input duty cycle and minimum tycyg is expressed:

Minimum txcyc period = minimum txcHi / (50% — external clock input duty cycle tolerance).

To achieve maximum operating frequency (fsys) while using an external clock input, adjust clock input

duty cycle to obtain a 50% duty cycle on CLKOUT.
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Key to Figure A-4
(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
6 | Clock High to Address, FC, SIZE, RMC Valid tCHAV 0 29 ns
8 | Clock High to Address, FC, SIZE, RMC Invalid tCHAZn 0 — ns
9 Clock Low to AS, DS, CS Asserted tcLsA 2 25 ns
9A% | AS 1o DS or CS Asserted (Read) tsTSA -15 15 ns
9C | Clock Low to IFETCH, IPIPE Asserted tcLA 2 22 ns
1 Aa:;?esr’t :dC SIZE, RMC Valid to AS, CS (and DS Read) tAVSA 15 _ ns
12 | Clock Low to AS, DS, CS Negated tCLSN 2 29 ns
12A | Clock Low to IFETCH, IPIPE Negated tcLIN 2 22 ns
13 AS(A%csireig H;al%?ted to Address, FC, SIZE Invalid tSNAI 15 _ ns
14 | AS,CS (and DS Read) Width Asserted tsSWA 100 — ns
155 | AS, DS, CS Width Negated 1SN 40 — ns
18 | Clock High to RW High tCHRH 0 29 ns
20 | Clock Highto R/W Low tCHRL 0 29 ns
21 RAW High to AS, CS Asserted tRAAA 15 — ns
27 | Data In Valid to Clock Low {Data Setup) tpicL 5 — ns
27A | Late BERR, HALT Asserted to Clock Low (Setup Time) tBELCL 20 — ns
28 Asr\,leDgSa tl\;((;gated to DSACK[1:0], BERR, HALT, AVEC tSNDN 0 80 ns
296 | DS, CS Negated to Data In invalid (Data In Hold) tsNDI 0 —_ ns
29A8. 7 | DS, CS Negated to Data In High Impedance 1SHDI — 55 ns
318 | DSACK[1:0] Asserted to Data In Valid tpADI — 50 ns
46 | R/W Width Asserted (Write or Read) tRWA 150 — ns
aTA | A k(1 0], BERR AVEG, FALT taisT 5 -
47B | Asynchronous Input Hold Time tAIHT 15 — ns
4810 | DSACK[1:0] Asserted to BERR, HALT Asserted tDABA — 30 ns
73 | BKPT Input Setup Time tBKST 15 — ns
74 | BKPT Input Hold Time tBKHT 10 —_ ns

NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

4. Spacification 9A is the worst-case skew between AS and DS or CS. The amount of skew depends on
the relative loading of these signals. When loads are kept within specified limits, skew will not cause
AS and DS to fall outside the limits shown in specification 9.

5. If multiple chip selects are used, CS width negated (specification 15) applies to the time from the
negation of a heavily loaded chip select to the assertion of a lightly loaded chip select. The CS width
negated specification between multiple chip selects does not apply to chip selects being used for
synchronous ECLK cycles.

6. These hold times are specified with respect to DS or CS on asynchronous reads and with respect to
CLKOUT on synchronous reads. The user is free to use either hold time.

7. Maximum value is equal to (toyc/ 2) + 25 ns.

8. If the asynchronous setup time (specification 47A) requirements are satisfied, the DSACK[1:0] low to
data setup time (specification 31) and DSACK(1:0] low to BERR low setup time (specification 48) can be
ignored. The data must only satisfy the data-in to clock low setup time (specification 27) for the
following clock cycle. BERR must satisfy only the late BERR low to clock low setup time (specification
27A) for the following clock cycle.

10. In the absence of DSACK[1:0], BERR is an asynchronous input using the asynchronous setup time
(specification 47A).
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Key to Figure A-5
(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
6 | Clock High to Address, FC, SIZE, RMC Valid tCHAV 0 29 ns
8 | Clock High to Address, FC, SIZE, RMC Invalid tCHAZN 0 — ns
Clock Low to E, ﬁ, CS Asserted tCLSA 2 25 ns
11 Ad:;essesri(l:dC, SIZE, RMC Valid to AS, CS (and DS Read) tAVSA 15 _ ns
12 | Clock Low to AS, DS, CS Negated icLSN 2 29 ns
13 AS(Aagreig ”gl%?ted to Address, FC, SIZE Invalid tsNAl 15 _ ns
14 | AS, CS (and DS Read) Width Asserted tswa 100 — ns
14A | DS, CS Width Asserted Write tsSWAW 45 — ns
155 -| AS, DS, CS Width Negated tsN 40 — ns
17 | AS, DS, CS Negated to R/W High tSNRN 15 — ns
20 | Clock High to RW Low tCHRL 0 29 ns
22 | RAW Low to DS, CS Asserted (Write) tRASA 70 — ns
23 | Clock High to Data Out Valid tcHDO — 29 ns
~ 25 DS, CS Negated to Data Out Invalid (Data Out Hold) tsNDOI 15 — ns
26 | Data Out Valid to DS, CS Asserted (Write) tDVSA 15 — ns
27A | Late BERR, HALT Asserted to Clock Low (Setup Time) teeLCL 20 — ns
g | AS, DS Negated to DSACK[1:0], BERR, HALT, AVEC {SNDN 0 80 ns

Negated
46 | R/W Width Asserted (Write or Read) tRWA 150 — ns
synchronous input Setup Tim
aTA | A . DeAGK[1 6, BERFR, AVEG. HALT taisT ° i
480 | DSACK([1:0] Asserted to BERR, HALT Asserted tDABA — 30 ns
53 | Data Out Hold from Clock High tbocH 0 — ns
54 | Clock High to Data Out High impedance tcHDH —_ 28 ns
73 | BKPT Input Setup Time tBKST 15 — ns
74 | BKPT Input Hold Time tBKHT 10 —-— ns
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

5. If multiple chip selects are used, CS width negated (specification 15) applies to the time from the
negation of a heavily loaded chip select to the assertion of a lightly loaded chip select. The CS width
negated specification between multiple chip selects does not apply to chip selects being used for
synchronous ECLK cycles.

| 10. In the absence of DSACK[1:0], BERR is an asynchronous input using the asynchronous setup time
§ (specification 47A).
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Key to Figure A-6
(Abstracted from Table A-5; see table for complete notes)

68300 SHW CYC TIM

Num Characteristic Symbol Min Max [ Units
6 Clock High to Address, FC, SIZE, RMC Valid tCHAV 0 29 ns
8 Clock High to Address, FC, SIZE, RMC Invalid tcHAZN 0 —_ ns
9 Clock Low to AS, DS, CS Asserted tcLsa 2 25 ns
12 | Clock Low to AS, DS, CS Negated tcLSN 2 29 ns
155 | AS, DS, CS Width Negated tSN 40 — ns
18 | Clock High to RW High tCHRH 0 29 ns
20 | Clock High to RW Low tCHRL 0 29 ns
70 Clock Low to Data Bus Driven (Show) tscLDD 0 29 ns
71 Data Setup Time to Clock Low (Show) tscLps 15 — ns
72 Data Hold from Clock Low (Show) tSCLDH 10 — ns
73 | BKPT Input Setup Time teksT 15 —_ ns
74 | BKPT Input Hold Time tBKHT 10 — ns
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

5. If multiple chip selects are used, CS width negated (specification 15) applies to the time from the

negation of a heavily loaded chip select to the assertion of a lightly loaded chip select. The CS width
negated specification between multiple chip selects does not apply to chip selects being used for
synchronous ECLK cycles.
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Figure A-7. Reset and Mode Select Timing Diagram

Key to Figure A-7
(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
75 Mode Select Setup Time tMss 20 — teye
76 | Mode Select Hold Time tMSH 0 — ns
77 | RESET Assertion Time'1: 12 tRSTA 4 — teyc
78 | RESET Rise Time'3 tRSTR _ 10 teye

NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

11. After external RESET negation is detected, a short transition period (approximately 2 teyc) elapses,
then the SIM drives RESET low for 512 t¢y,.

12. External assertion of the RESET input can overlap internally-generated resets. To insure that an
external reset is recognized in all cases, RESET must be asserted for at least 590 CLKOUT cycles.

13. External logic must pull RESET high during this period in order for normal MCU operation to begin.
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Key to Figure A-8

(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
Clock High to Address, Data, FC, SIZE, RMC High
/ Impedance 'CHAZx 0 59 ns
16 | Clock High to AS, DS, RW High Impedance tcHsZ — 59 ns
33 | Clock Low to BG Asserted/Negated tcLBA — 29 ns
359 | BR Asserted to BG Asserted (RMC Not Asserted) tBRAGA 1 — teye
37 | BGACK Asserted to BG Negated tGAGN 1 2 toyc
39A | BG Width Asserted tGA 1 — toye
Asynchronous Input Setup Time _
47A | ""BR. BGACK, DSACK[1:0], BERR, AVEC, HALT tAIST 5 ns
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

9. To ensure coherency during every operand transfer, BG will not be asserted in response to BR until
after all cycles of the current operand transfer are complete and RMC is negated.
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Key to Figure A-9
(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
33 | Clock Low to BG Asserted/Negated tcLBA — 29 ns
359 | BR Asserted to BG Asserted (ﬁm Not Asserted) tBRAGA 1 — teye
™ 37 | BGACK Asserted to BG Negated tGAGN 1 2 teye
nchr tS ime
47A Asgﬁ, Bg%’;,g%u/\c;ﬁ %{ BERR, AVEG, FALT tAIST 5 e
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless ctherwise noted.

9. To ensure coherency during every operand transfer, BG will not be asserted in response to BR until
after all cycles of the current operand transfer are complete and RMC is negated.
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Key to Figure A-10
(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
6 Clock High to Address, FC, SIZE, RMC Valid tcHAV 0] 29 ns
8 Clock High to Address, FC, SIZE, RMC Invalid tCHAZn 0 —_ ns
9 Clock Low to AS, DS, CS Asserted tcLsA 2 25 ns
12 | Clock Low to AS, DS, CS Negated toLsN 2 29 ns
14B | AS, CS (and DS Read) Width Asserted tSWDW 40 — ns
18 | Clock High to R/W High tCHRH 0 29 ns
20 | Clock High to RW Low tCHRL 0 29 ns
27 | Data in Valid to Clock Low (Data Setup) tpicL 5 — ns
B 295 | ps,Cs Negated to Data In Invalid (Data In Hold) tsNDI o] — ns
29A%. 7 | DS, CS Negated to Data In High Impedance tSHDI —_ 55 ns
306 | CLKOUT Low to Data In Invalid tcLol 15 — ns
30A8 | CLKOUT Low to Data In High Impedance tcLDH — 90 ns
46A | RW Width Asserted tRWAS 90 — ns
73 | BKPT Input Setup Time tBKST 15 — ns
74 | BKPT Input Hold Time tBKHT 10 — ns

NOTES:

1. Al AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

6. These hold times are specified with respect to DS or CS on asynchronous reads and with respect to
CLKOUT on synchronous reads. The user is free to use either hold time.

7. Maximum value is equal o (tgyc/ 2) + 25 ns.
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Key to Figure A-11

(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units
6 Clock High to Address, FC, SIZE, RMC Valid tcHAV 0 29 ns
8 Clock High to Address, FC, SIZE, RMC Invalid tCcHAZN 0 — ns
9 Clock Low to AS, DS, CS Asserted tcLsa 2 25 ns
12 | Clock Low to AS, DS, CS Negated tcLsN 2 29 ns
14B | AS, CS (and DS Read) Width Asserted tSWDW 40 — ns
18 | Clock High to RW High tCHRH 0 29 ns
20 | Clock High to R/W Low tCHRL 0 29 ns
23 | Clock High to Data Out Valid tCHDO — 29 ns
24 | Data Out Valid to Negating Edge of AS, CS tDVASN 15 — ns
25 | DS, CS Negated to Data Out Invalid (Data Out Hold) tsNDOI 15 —_ ns
46A | RW Width Asserted tRWAS 90 — ns
73 | BKPT Input Setup Time tBKST 15 — ns
74 | BKPT Input Hold Time tBKHT 10 — ns
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels uniess otherwise noted.
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Key to Figure A-12
(Abstracted from Table A-7; see table for complete notes)

Num Characteristic Symbol Min Max | Units
1A | ECLK Period tEcyc 476 — ns
2A, 3A | ECLK Pulse Width tecw 236 — ns
4A, 5A | Rise and Fall Time — All Outputs except CLKOUT ter — 8 ns
E12 | ECLK Low to Address and R/W Valid tEAD — 60 ns
E2 | ECLK Low to Address and RW Hold tEAH 10 — ns
ES | ECLK Low to CS Valid (CS delay) tecsD - 150 ns
E4 | ECLK Low to CS Hold tECSH 15 — ns
E5 | CS Negated Width tECSN 30 — ns
E6 | Read Data Setup Time tEDSR 30 — ns
E7 | Read Data Hold Time tEDHR 15 — ns
E8 | ECLK Low to Data High Impedance teDHZ - 60 ns
E9 | CS Negated to Data Hold (Read) tECDH 0 — ns
E10 | CS Negated to Data High Impedance tECDZ — 1 teye
E11 | ECLK Low to Data Valid (Write) tepDW — 2 teye
E12 | ECLK Low to Data Hold (Write) tEDHW 5 — ns
E13 | CS Negated to Data Hold (Write) tECHW 0 — ns
E143 | Address Access Time (Read) teacc 386 — ns
E15% | Chip Select Access Time (Read) teacs 296 — ns
E16 | Address Setup Time teas 172 — teye
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

2. When the previous bus cycle is not a synchronous ECLK bus cycle, the address may be valid before
ECLK goes low.

3. Address access time = tgcyc — tEAD — tEDSR-
4. Chip select access time = teeyc — tECSD — IEDSR-
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Key to Figure A-13

(Abstracted from Table A-5; see table for complete notes)

Num Characteristic Symbol Min Max | Units

6 Clock High to Address, FC, SIZE, RMC Valid tCHAV 0 29 ns

8 Clock High to Address, FC, SIZE, RMC Invalid tCHAZN 0 - ns
9 Clock Low to AS, DS, CS Asserted tcLsA 2 25 ns
11 | Address, FC, SIZE, RMC Valid to AS, CS (and DS Read) | tavsA 15 — ns

Asserted
12 | Clock Low to AS, DS, CS Negated tCLSN 2 29 ns
13 AS(ABZ&Z’ |.l:lglg(;jz;\ted to Address, FC, SIZE Invalid tSNAI 15 _ ns
14 | AS, CS (and DS Read) Width Asserted tSWA 100 — ns
14A | DS, CS Width Asserted Write tSWAW 45 - ns
155 | AS, DS, CS Width Negated tsN 40 — ns
18 | Clock High to RW High tCHRH 0 29 ns
20 | Clock High to RW Low tCHRL 0 29 ns
23 | Clock High to Data Out Valid tcHDO —_ 29 ns
25 | DS, CS Negated to Data Out Invalid (Data Out Hold) tSNDOI 15 — ns
295 [ DS, CS Negated to Data In Invalid (Data In Hold) tsNDI 0 - ns
29A%.7 | DS, CS Negated to Data In High Impedance tSHDI — 55 ns
46 | RW Width Asserted (Write or Read) tRWA 150 — ns
53 | Data Out Hold from Clock High tpocH 0 — ns
54 Clock High to Data Out High Impedance tcHDH — 28 ns
55 | RAW Asserted to Data Bus Impedance Change traDC 40 — ns
NOTES:

1. AIll AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

5. If multiple chip selects are used, CS width negated (specification 15) applies to the time from the

negation of a heavily loaded chip select to the assertion of a lightly loaded chip select. The CS width
negated specification between multiple chip selects does not apply to chip selects being used for
synchronous ECLK cycles.

6. These hold times are specified with respect to DS or CS on asynchronous reads and with respect to
CLKOUT on synchronous reads. The user is free to use either hold time.

7. Maximum value is equal to (tcyc / 2) + 25 ns.
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Key to Figures A-14 and A-15
(Abstracted from Table A-6; see table for complete notes)

Num Characteristic Symbol Min Max | Unit
B0 | DSl Input Setup Time tpsisu 15 — ns
B1 DS Input Hold Time tDsIH 10 — ns
B2 | DSCLK Setup Time tpscsu 15 — ns
B3 | DSCLKHold Time tDscH 10 — ns
B4 | DSO Delay Time tpsoD — teyc+25| ns
B5 | DSCLK Cycle Time tpsceye 2 — teyc
B6 | CLKOUT High to FREEZE Asserted/Negated tFRZAN — 50 ns
B7 | CLKOUT High to IFETCH High Impedance tiFz — 50 ns
B8 | CLKOUT High to IFETCH Valid 1= —_ 50 ns
B9 | DSCLK Low Time toscLo 1 - teye

NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.
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Key to Figures A-16 and A-17

(Abstracted from Table A-8)

Num Function Symbol Min Max Unit
1 Master Cycle Time tqeye 510 teye
2 | Master Enable Lead Time tiead 2 128 teye
3 | Master Enable Lag Time Yiag — 1/2 SCK
4 | Master Clock (SCK) High or Low Time tew 2 tcyc— 60 255 teyc ns
5 | Master Sequential Transfer Delay ttd 17 8192 teye
6 | Master Data Setup Time (Inputs) tsu 30 —_— ns
7 | Master Data Hold Time (Inputs) thi 0 — ns
10 | Master Data Valid (after SCK Edge) ty — 50 ns
11 | Master Data Hold Time (Outputs) tho o} — ns
Rise Time
12 Input tri — 2 us
Output tro — 30 ns
Fall Time
13 Input ti — 2 s
Output tio — 30 ns
NOTES:
1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.
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Figure A-18. QSPI Timing — Slave, CPHA = 0
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Figure A-19. QSPI Timing — Slave, CPHA =1
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Key to Figures A-18 and A-19
(Abstracted from Table A-8)

Num Function Symbol Min Max Unit
1 Slave Cycle Time tqeye 4 — teye
2 | Slave Enable Lead Time tiead 2 — teye
3 | Slave Enable Lag Time tiag 2 — teye
4 | Slave Clock (SCK) High or Low Time? tew 2tcyc-n -_ ns
5| > Dess Not Roquire Deseloct) o 3 - toye
6 | Slave Data Setup Time (Inputs) tsu 20 — ns
7 | Slave Data Hold Time (Inputs) thi 20 — ns
8 | Slave Access Time ta - teye
9 | Slave MISO Disable Time tdis — 2 teye
10 | Slave Data Valid (after SCK Edge) ty — 50 ns
11 | Slave Data Hold Time (Outputs) tho 0 — ns

Rise Time
12 Input tri — 2 us
Output tro — 30 ns
Fall Time
13 Input tfi — 2 us
Output tio — 30 ns

NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

2. Informula, n = External SCK rise + External SCK fall time
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