APPENDIX E
ELECTRICAL AND AC CHARACTERISTICS

E.1 Absolute Maximum Ratings

Table E-1 Maximum Ratings (Vgg =0 V)

Rating Symbol Value Unit
3.3-V Supply Voltage Vool Vops: VoooprTram, VsTBY -0.3t0 +4.0 \Y
Clock Sythesizer Voltage VbbDsyN -0.3t0 4.0 \"
QADC Supply Voltage Vppa -0.3t06.0 \
5-V Supply Voltage Vbps -0.3t06.0 \"
DC Input Voltage'® Vi -0.3105.5 v
Operating Temperature Range (Packaged) Ta -40 to +125 °C
Operating Temperature Range (Die Form) Ty -40 to +150 °C
Storage Temperature Range TsTg -55to 150 °C
Maximum Input Current per Pin’8 Imax 1.0 mA

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 ex-
posed to electrical extremes.

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

4. All functional non-supply pins are internally clamped to Vgg. All functional pins except XTAL and EXTAL are
internally clamped to Vpp.

5. Input must be current limited to the value specified. To determine the value of the required current-limiting re-
sistor, calculate resistance values for positive and negative clamp voltages, then use the larger of the two val-
ues.

6. Power supply must maintain regulation within operating Vpp range during instantaneous and operating maxi-
mum current conditions.

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

8. 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.

10. All 3-V input pins are 5-V tolerant except XTAL and EXTAL.
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Table E-2 Thermal Characteristics

Rating Symbol Value Unit
Thermal Resistance
(..) o
Plastic 272-Pin Ball Grid Array JA TBD cw

NOTES:

The average chip-junction temperature (Tj) in °C can be obtained from:

Ty=Ta+(PDx©Oyp)
where
Ta = Ambient Temperature, °C
©4a= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD =PINT +PlO
PINT= DD X VDD, Watts — Chip Internal Power

P|/0= Power Dissipation on Input and Output Pins — User Determined
An approximate relationship between Pp and T (if Pj/o is neglected) is:

Pp=K =+ (Ty+273°C)

Solving equations 1 and 2 for K gives:
K =Pp + (TA + 273°C) + © p x Pp2

©)

where K is a constant pertaining to the particular part. K can be determined from equation (3) by mea-
suring 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,

Table E-3 General DC Electrical Characteristics

Characteristic Symbol Min Max Unit
; 1

3V Input High Voltage Vins 2.0 Vbps v

Except EXTAL and XTAL
5v Input High Voltage®

All input pins except TPU and CTM9 Vis 0.7 (Vpps) | Vops+0.3 | Vv

TPU and CTM9 input pins 3.3 Vpps + 0.3 \
3-V Input Low Voltage Vs Vgs-0.3 0.8 \"
5-V Input Low Voltage

All input pins except TPU and CTM9 \V; Ves— 03 10.35 (Vpps) v

R . L5 SS i DD5

TPU and CTM9 input pins Ve—03 23 Vv
Input Hysteresis'’

All pins except TPU and CTM9 Viws 0.5 - \Y

TPU and CTM9 input pins 0.3 \Y
Mode Select

Pullup/Pulldown Current lact 20 130 WA

3

Input Leakage Cu_rrent_ lINACT 4.0 10 uA

Pull-up/down inactive
3-V Output High Voltage (lgns = -2 mA) Vous 24 - \
5-V OUtpUt ngh Voltage (|OH5 =-2 mA) VOHS VDD5 -0.7 - Vv
3-V Output Low Voltage (Ip 3 = 3.2 mA) VoLs - 0.5 \%
5-V Output Low Voltage (lg 5 =2 mA) Vors - 0.5 Vv
Clock Output Low Current | 20 A

CLKOUT or BCLK @ Vg 3=0.5V oL . ) m
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Table E-3 General DC Electrical Characteristics (Continued)

Characteristic Symbol Min Max Unit
Load for BIM 3-V Bus Output Pins, 25 MHZ®
Partial Drive CieiM25 - 40 pF
Full Drive 80
Load for BIM 3-V Bus Output Pins, 33 MHZ®
Partial Drive CiLeiM33 - 25 pF
Full Drive 50
Load for Visibility Bus 3-V Output Pins® CLvs 25
Load for QSM 5V Output Pins® CLasm . oF
Primary Functions 200
Digital Output 50
Capacitance for Input, Output, and Bidirectional® c ) 15 oF
V,, = 0V, f = 1IMHz (except QADC) IN
Supply Current 25 MHZ8:11:12
RUN Ipp3 215
|
DD5 20 mA
LPSTOP, 10 MHz crystal, VCO Off | TBD
LPSTOP (External clock input frequency = max fgys) DDXTAL TBD
IppEXTCK
Supply Current 33 MHZ8:11:12
RUN Ipp3 TBD
|
DD5 TBD mA
LPSTOP, 10 MHz crystal, VCO Off | TBD
LPSTOP (External clock input frequency = max fgys) DDXTAL TBD
IppEXTCK
PLL Supply Current ( Vppsyn)®''?
10 MHz crystal, VCO on, maximum fgy¢ lopsyn 10.0 mA
External Clock, maximum fgyq EXlppsyn TBD mA
LPSTOP, 10 MHz crystal, VCO off (STBIM = 0) Slbpsyns TBD mA
LPSTOP, 10 MHz crystal, VCO on (STBIM = 1) Slppsyny TBD mA
LPSTOP, 10 MHz crystal, VCO off (STCLKS = 1) SlppsyNnsT TBD unA
FASRAM Standby Voltage (VSTBY)7
Run 3.14 3.45
Vsg v
Standby mode, Vpp = Vgg 25 3.45
FASRAM Standby Current 671011
Normal RAM operationVpp > Vgg— 0.5V TBD unA
Transient conditionVgg — 0.5 V >=Vpp >=Vgg + 0.5V lsg TBD TBD mA
Standby operationVpp < Vgg + 0.5 V TBD A
DC Injection Current per Pin, 3V/5V3° lc -1.0 1.0 mA

NOTES:

1. This spec is for 3V outputs with 5-V tolerent input pins.

2. This spec is for 5V outputs with 5-V tolerent input pins.

3  After characterization this value may be improved.

6. Power dissipation measured at 32 Mhz or 25 Mhz system clock frequency, all modules active. Power dissipa-
tion can be calculated using the following expression: Pp = Maximum Vpps (Ipps + Ippa) + Maximum Vppg
(Iops + IbpsyN + IsB)

7. The RAM module will not switch into standby mode as long as Vgg does not exceed Vpp by more than 0.5
Volt. The RAM array cannot be accessed while the module is in standby mode. Vgg must be applied to the
RAM during normal operation.
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8. Power dissipation measured at 32 Mhz or 25 Mhz system clock frequency, all modules active.
9. This parameter is periodically sampled rather than 100% tested.

10. When Vpp is transitioning during power-up or power down sequence, and Vgpg is applied, current flows be-
tween the Vgrgy and Vpp pins, which causes standby current to increase toward the maximum transient con-
dition specification. System noise on the Vpp and Vgrgy pins can contribute to this condition.

11. These values are design targets, Motorola makes no commitment to achieve this level of electrical perfor-
mance.

12.  Ippz and Ipps are estimates based on average current calculations.

E.2 AC Specifications

Each timing diagram contains parameters abstracted from the timing specification ta-
bles. Pertinent notes have been included in the timing tables.

In some cases a timing parameter has been augmented based on different signal op-
tions. The user must select the appropriate parameter.

EXAMPLE

Timing parameter 9 has been augmented to include specific timing
for: (9) Clock low to CS Valid (CS set to DS timing), (9A) Clock low to
AS/DS Valid, and (9B) Clock low to CS Valid (CS set to CE timing).

AC timing is measured under the following conditions:

* Timing is measured between 20% V pp and 70% Vpp.

* Temperature: T, in normal operating range.

b Voltage: VDD3’ VDDi’ VSTBY’ VDDSYN =33Vz= 5‘70; VDD5’ VDDA =50V *+5%.
Characterization of device emissions are performed per SAE J1752/3 Issued March
1995.
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E.2.1 PLL AC Timing

Table E-4 PLL Timing
(10 MHz Reference)

Num Characteristic Symbol Min Max Unit
PLL Reference Frequency Range
C1 Crystal reference fref_crystal 2 10 MHz
External reference® fref_ext 10 32
System Frequency dc 32
. f
c2 On-Chip PLL Frequency sys 0.032 32 MHz
C3  |Loss of Reference Frequency®® fior 1.5 3.0 % fsys
C4  |Self Clocked Mode Clock Frequency?® fsem 5 32 MHz
C5  |Crystal Start-up Time?* ost 20 ms
C6  |PLL Lock Time?3*5 tipi 200 us
Power-To-Lock Time?34.6
c7 With Crystal Reference tipik 21 ms
Without Crystal Reference 200 us
CLKOUT Period Jitter?3:4:57 3 %
cs Peak-to-peak. Jitter . letter 1 %,
Short Term Jitter (3 system clock cycles interval) 01 o
Long Term Jitter (2 msec interval) ’ °
C9  |Duty Cycle of reference® tdc 40 60 %
C10  |1:1 Clock Skew (between CLKOUT and EXTAL)'® tskew -2 2 ns
NOTES:

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

3. Presently, the filter capacitor is implemented on chip, but any future application without an internal filter assumes
that low-leakage external filter capacitors are attached to the XFCN and XFCP pins. Total external resistance
from either of the XFCN or XFCP pins due to external leakage sources to either Vpp or Vgg must be greater
than 10 MQ to guarantee this specification.

4. Proper layout procedures must be followed to achieve specifications.

5. This specification applies to the period required for the PLL to relock after changing the MFD frequency control
bits in the synthesizer control register (SYNCR), and to the period required for the PLL to relock on exiting LP-
STOP.

6. Assuming a reference is available at power up, lock time is measured from the time Vpp and Vppgyy are valid
to RESET release. If the crystal oscillator is being used as the reference for the PLL, then the crystal start up
time must be added to the PLL lock time to determine the total start-up time.

7. Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum
fsys. Measurements are made with the device powered by filtered supplies and clocked by a stable external
clock signal. Noise injected into the PLL circuitry via Vppgyn, Vsg, and variations in crystal oscillator frequency
increase the Cjier percentage for a given interval.

8. Loss of reference frequency is the reference frequency detected internally which transitions the PLL into self
clocked mode. Loss of reference frequency is specified as a percentage of the operating frequency, fsys.

9. Self clocked mode frequency is the frequency that the PLL operates at when the reference frequency falls below
fior with default MFD/RFD settings.

10. PLL is operating in 1:1 PLL mode.
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CLKOUT

BCLK

Figure E-2 CLKOUT and BCLK Output Timing
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E.2.2 BIM AC Timing

so . st s2 85 . S0

CLKOUT

BCLK

SO L L @R

SIZE, BREQ

ADDR[23:O],FC[2:O],:><: T VA

_ : - —r 0N
AS ' : : ! ! .
DS S | | Cor N
N\ @m——/ N
. oy @
DTACK,BERR ' ' | \ . J/ C /

DATA[15:0] :/ — _
A S
BRPT . . & .
: ! |3 : v ! T : : 0 v

CSEO :
For Emulation Mode Only

;CSEb>< R:[O] P

CSE1 ! Lo | CSEY . FREEZE' | |
For Emulation Mode Only ! ! : ' : : ! ' '
' ' ' @: X f '

S oS

AT

Figure E-3 Read Cycle
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CLKOUT

@D zp @D : ! B

ADDR{[23:0], A '
| ) &.Pipelirlle Address Mode Only: |
FC[2:0], SIZE ><

BREQ/: ® A '

A i :

ASDS | 5 \ E . '

RW !/ o |

LBA Y | | o |

BOE/BWE /! | |

BAA 5 5 5 | S 5

BTACK : : | |

5 5 . @ :

DTACK -/ '
DATA[15:0] |  Y— ' l>< >< D2

Note: Bus cycle is shown with HPCE asserted - LBA asserts in SO.

Figure E-4 Burst Read Cycle — Initiation
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CLKOUT

BCLK

ADDR[23:0], : ! : : Lo :
FCI[2:0], SIZE ; . ! : : Co : .
BREQ | | | | / |

LBA

BOE/BWE

BAA

BTACK

DTACK

Figure E-5 Burst Read Cycle — Completion
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so st s2 S5 . S0

CLKOUT

BCLK

ADDR[23:0], FC[2:0: \/ . N
SIZE,BREQ; /! ' I . . o AL

CLan. ! @ L
; ———0D —
AS l I : 1 : :
! C @\ I G N
: AR o D—
DS, T
CS (setto DS timing) / : : : ' : l : ! ! '
CS (setto CE timing) / C o\ : ey : l :
— =
' : (@7h)@7m) | ; ; : L
DTACK, BERR ! : , S
o S A
DATA[15:0] L XXX :
S S o
_ l : @7A) : ' '
BKPT S \\L.E A
! ! : : 15 : :
CSEO I | : ><CSEO >< ! " Rio] ! : ><
For Emulation Mode OnIy : X : | ! ! : : :
CSE1 ' Lo / ' : ! ' | |
For Emulation Mode OnIy ' ' >< CSE? >< ' ' FREIEZE : : ><
; T ' ' EETN ' I l

1 1 ' :: ! 17, : ,

Figure E-6 Write Cycle
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so . st s2 83 ., sS4 S5 SO |T|

CLKOUT

BCLK

@(settoc tirlrning) :

ADDR[23:0], FC2:0], © \/. | . o N
SIZE /N0 N
R/W :% ; Lo : : ; L : :/ :
) . Lo : .
L . . , . : :4—:> 1._. , f
_ T\ e — @ : —
AS ST A
L B ] —®—
Bs, AR 0\ @ T\
CS (setto D6 timing) | (@2 ' ; ATy : : ! :
;_f : :; ' A4R) . '
: ~@B : . —

DTACK,BERR:::/:E:.:/E:::

; 55 ! ! . Lo :
DATA[15:0] o DO OO

@l T ey

BKPT T N \ : / SR

CSEO L Xese X0 n Ao

For Emulation Mode Only : ! \ : : I ! ! : : : : X :
CSE1 E : : >< CSE:1 >< : : : : : FRIEEZE : ! : ><

For Emulation Mode Only ! : : : : : : : : : : :

Figure E-7 Write Cycle With One Wait State
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MCU Master Alternate Master |—

S2 S5 . . - - AO

CLKOUT

See Note~ —— —

ADDR[23:0] > : <L B
FC[2:0] > | <: :;,____
DATA[15:0] | | > <F _;_ :

&
w
/ j
(2]
@
o
- >
~ &
9
|
J
r
|

RE el

. ; =
D_S : . : : / ! \\
, , , : : : (_—
: : \ : I : : - T\
RW | @B, | . E . 1 — A
1 <_>' 1 ! 1 1 : 1 ! \_ -
EBR ' :
Note: The EBI may run one or more bus cycles after EBR is asserted. An external master may
not start a bus cycle until the AS and DS pins have been negated for three clocks.
Figure E-8 Alternate Bus Mastership
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T
Alternate Master MCU Master |—

A2 A5 . SO

CLKOUT

ADDR[283:0]

FC[2:0]

SIZE

DATA[15:0]

EBR

Figure E-9 EBR — Alternate Master Bus Release
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B1 B2 . B3 B4 ‘ SO St . S2

CLKOUT

D—s/
(read)l]ll‘lij

o
s )

DS | 1 | | | 3 3
(write) ! | w
DATA[15:0] : : { —
(write) ./ D |
| SHOW CYCLE 1 START OF EXTERNAL CYCLE
Note: Bus cycles may be longer than 2 clocks.
Figure E-10 Non-Burst Show Cycle Timing
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B1 B2 . B3 B3* . B3 B4 . SO

CLKOUT

DS
(read)

DATA[15:0] N
./

(read)

DS
(write)

DATA[15:0] I \
)

(write)

SHOW CYCLE

Figure E-11 Burst Show Cycle Timing
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&)

Digital Inputs: - : @B
BTACK, DTACK, RESET, , :
IRQ[7:1], CS4 . :

Other Digital Inputs

i @B — @
All Digital Outputs, :
IRQ Outputs :

Figure E-12 Digital Input/Output and IRQ Output
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CLKOUT

BCLK

- | . @B

FCI[2:0], SIZE

BREQ ; :

BON
ADDR[23:0], | ><

LBA /
@

5 5 Z : . 5 : :

Figure E-13 Reset and Mode Select
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CLKOUT

BCLK

ADDR[23:0], . ; E E : E E
FC[2:0], SIZE ; ! : : : Co S
wea o
— e/ e |
B A
: . @ |
os | R A
B oy
I
' ' —@— f ——
e
BTACK | | E | | | | E é
E E 5 5 —lan ;
O 5 VA
; N
I !

DTACK : ' : :

. : : . @——@p : |

Figure E-14 Burst Write Cycle Timing — Initiation
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CLKOUT
T7h) ! <—.—>
—— @ = !
RESET ! ; /_\
RSTOUT —(49)
—TD— TD——~T
D[15:0],

DTACK, BTACK,
BREQ, FREEZE

Note: External data is sampled on the rising edge of CLOCKOUT
RESET and RSTOUT are driven on the rising edge of CLOCKOUT

Figure E-15 Burst Write Cycle Timing — Completion

Table E-5 BIM 25 MHz AC Timing

Num Characteristic Symbol Min Max Unit
F1 |Frequency of Operation, Fast Reference (5.44 MHz crystal)’ fesT (0.032)TBD 25 MHz
1 Clock Period tcyc 40 — ns
1B |External Clock Input Period txcyc 40 — ns
2,3 |Clock Pulse Width tcw 0.5tcyc_»2 — ns
4,5 |EXTAL input Rise and Fall Time tor — 2 ns
4A, 5A |Other Signal Rise and Fall Time tors — 3 ns

6 |Clock High to BREQ, RESET, RSTOUT Valid tCHAV — 16 ns
6A |Clock High to Address, FC, SIZE, R/W, Valid tCHAVA — 8 ns
6B |Address Valid to BCLK High (Including Pipeline Mode) — 20 — ns
7 Clock_ High to Address, Data, AS, DS, FC, SIZE, R/W, BREQ toHAZX . 10 toye
High Impedance
8 |Clock High to Address, FC, SIZE, R/W Invalid tcHAZN 2 — ns
8A |[Clock High to BREQ Invalid tcHAB 2 20 ns
8B |BCLK High to Address Invalid (Pipeline Mode Only) — 2 — ns
g2 |[Clock Low to CS Valid (CS set to DS timing) tcLsA 2 16 ns
9A |Clock Low to AS, DS Valid tsTSA 2 14 ns
9B |[BCLK Low to CS Asserted (CS set to CE timing) tsTSB 2 16 ns
11 Address, F_C,_SIZE, E_SREQ, R/W Valid to AS, DS, CS (CS set tAVSA 7 . ns
to DS timing) Valid
12 |Clock Low to AS, DS, CS Invalid tcLsN 10 20 ns
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Table E-5 BIM 25 MHz AC Timing (Continued)

Num Characteristic Symbol Min Max Unit
13 AS, DS, CS Negated to Address, FC, SIZE Invalid (Address/ tSNAI 7 . toye
control Hold)
14 |AS Width Asserted, Read or Write Cycle3 tSWA 0.75 + ws . toye
DS Width Asserted, Read Cycle
14A |CS Width Asserted, Read (CS set to CE timing)® tSWAW 1+ws — teye
14B | DS, CS Width Asserted, Write (CS set to DS timing} tSWDW | ws-0.25 — teye
15 |AS, DS, CS Width Negated tsN 12 — ns
17 |AS, DS, CS Negated to R/W Invalid tSNRN 7 — ns
22 |R/W Low to CS Valid (CS set to CE timing) tRASA 7 — ns
23 |Clock High to Data-Out Valid, Write tcHDO — 16 ns
25 |DS, CS Negated to Data-Out Invalid (Data-Out Hold) tsNDOI 1 — ns
26 |Data-Out Valid to DS, CS Valid (Write)* tovsa 7 — ns
27A |Data-In Valid to BCLK High (Data Setup) tCDSUA 7 — ns
28 |AS, DS Invalid to DTACK Invalid tSNDN 0 0.75 teyc
DS, CS Invalid to Data-In valid/High Impedance (Data-In
29 5 tSNDI 3 — ns
Hold)
30A |BCLK High to Data-In Invalid/High Impedance (Data-In Hold) | tcLpia 3 — ns
46 |R/W Width Asserted (Write or Read Cycle)® tRwA 1.5 +ws — teye
4TA Asyggg?g?:ér&?lgES::pBTTTgK, BKPT, RESET taisT 8 - ns
47B Asy;c}:(h;g?oRuEsSIEE)rut Hold Time DTACK, BERR, BTACK, AT 4 . ns
49 |RSTOUT High to RESET High tiHRH 12 — ns
50 |RSTOUT High to Mode Select Invalid/High Impedance — — 14 teye
51 |RESET High to RSTOUT Valid tiumz — 0.5 teye
53 |Data-Out Hold from Clock Low tbocH 0 — ns
54 |Clock Low to Data-Out High Impedance tcHDH — 0.5 teye
55 |R/W Asserted to Data Bus Impedance Change tRADC 0.5 — teye
56 |RSTOUT Pulse Width (Reset Instruction) trRPWI 256 teyc
56A |RSTOUT Pulse Width (Reset Pin) tRPWP 512 — teye
71 |Data Valid to Clock Low (Show data setup) tscLDs 5 — ns
72 |Clock Low to Data Invalid (Show data hold) tSCLDH 5 — ns
75 |Mode Select Setup Time tmss 20 — teye
76 |Mode Select Hold Time tvMsH 0 — ns
77 |RESET (Input) Assertion Time® tRSTA 4 — toye
79 |RESET Low and RSTOUT Low to Mode Select Drive tRILM 0 1 teye
114 |CSEO, CSE1 Valid to Clock High (Emulation, Setup) tcecH 5 — ns
115 |Clock High to CSEO, CSE1, FREEZE Invalid (Emulation, Hold) | tcHcE 5 — ns
117 |FREEZE Valid to Clock High (Emulation, Setup) tecH 15 — ns
122 |LBA, BAA Valid to BCLK High tBSU 24 — ns
122A |HPCE Valid to BCLK High (LBA or BAA set to HPCE function)| tHPCE 30 — ns
122B |BOE, BWE Valid to BCLK High (Burst, Setup) tBSUB 0 — ns
123 |BCLK High to LBA, BAA, Invalid (Burst, Hold) tgH 2 16 ns
123A |BCLK High to BOE, BWE Invalid (Burst, Hold) tsHA 2 10 teye
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Table E-5 BIM 25 MHz AC Timing (Continued)

Unit |TI_

Num Characteristic Symbol Min Max

125 |Clock High to BCLK High tBCH 0.25t¢yc-1 0.25tcyct+1 | ns
126 |Clock Low to BCLK Low tBCL 0.25tcyc-1 0.25tcyc+1 | ns
127 |Clock High to DS Invalid(Show) tcHDN 2 16 ns
128 |Clock High to Digital Output Valid tcpio 90 600 ns
NOTES:

1. Minimum system clock frequency is crystal frequency divided by 128, subject to specified limits.
2. DS and CS do not assert on a zero wait state write cycle.

3. Number of wait states = ws. In a 2-clock bus cycle, ws =0. For 3-clock bus cycle, ws = 1.

4. Specification 26 is valid only for 3-clock or more bus cycles. Specification 26 does not apply to 2-clock bus cycles.
Data-Out to CS asserted apply only when CS is configured as DS timing (STRB=1)
5. These hold times are specified with respect to DS or CS on asynchronous reads or CLKOUT. The user is free

to choose either hold time.

:\ A,

FREEZE

IPIPE1/DSI{ / E & \

/

el

(B8} X

Figure E-16 Background Debug Mode (Freeze Assertion)

FREEZE / @ -
BH— ‘ I
. ‘ : &
BKPT/DSCLK : \
! i
@0 l
IPIPE1/DSI { : : Z
‘ : ' B2
IPIPEC/DSO | | ><T

MC68377

Figure E-17 Background Mode (Serial Communication)
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QOUT (FREEZE) / : \ o

Figure E-18 QOUT Assertion

CLKOUT

-~
IPIPE2
IPIPE[1:0] must be sampled on both edges of CLOCKOUT.
IPIPE2 is sampled at CLOCKOUT rise.
Figure E-19 Pipe Tracking Pin
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Table E-6 Background Debug Mode Timing

Num Characteristic Symbol Min Max Unit
BO DSI Input Setup Time tpsisu 0.25 — teye
B1 DSI Input Hold Time tDsIH 0.25 — teye
B2 DSCLK Setup Time tpscsu 0.25 — teyc
B3 DSCLK Hold Time tDscH 0.25 — teyc
B4 DSO Delay Time tbsoD — 0.5 teye
B5 DSCLK Cycle Time tpsccye 2 — teyc
B6 CLKOUT High to FREEZE Asserted/Negated tFRZAN — 1 teye

B6B QOUT(FREEZE) Asserted/Negated to CLKOUT Low tERZAL 4 teye- 2 ns
B7 CLKOUT High to IPIPE1 High Impedance tiFz — 1 teye
B8 CLKOUT High to IPIPE1 Valid tE — 1 teye
B9 DSCLK Low Time tpscLo 1 — teyc
B11 IPIPE Valid to CLKOUT High or Low tISU 25 ns
B12 CLKOUT High or Low to IPIPE Invalid tiH 2 ns

E.2.3 FASRAM AC Timings

ADDRESS, DATA,
SIZE, RW

CLKOUT

DS,

Comparator Strobes

Figure E-20 Visibility Bus

Table E-7 Visibility Bus Timing

Num Characteristic Symbol Min Max Unit
V1 CLKOUT High to Address, Data, Size, RW Valid tysu 2 13 ns
V2 CLKOUT Low to STROBESs Asserted tyH 2 11.5 ns
V3 CLKOUT High to STROBEs Negated tyssu 2 11.5 ns
V4 Strobe Width Asserted tyswa 0.25 0.5 teye
V5 Strobe Width Negated tvswiN 0.25 0.5 teye
V6 Address, Data, R/W, SIZE Valid to Strobe Asserted tvsH 0.25 — teye
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E.2.4 QADCG64 Electrical and AC Characteristics

Table E-8 QADC64 Maximum Ratings

Num Characteristic Symbol Min Max Unit
1 Analog Supply, with reference to Vgga VDDA -0.3 6.5 Vv
2 Internal Digital Supply, with reference to Vgg Vppi -0.3 6.5 Vv
3 Reference Supply, with reference to Vg VRH -0.3 6.5 \
4 Vgg Differential Voltage Vgg|— Vssa -0.1 0.1 \Y,
5 Vpp Differential Voltage Vbpi— Vbbpa -6.5 6.5 V
6 VRer Differential Voltage VRH - VRL -6.5 6.5 \
7 VRH to Vppa Differential Voltage VRH - VDDA -6.5 6.5 \Y;
8 VRL to Vggp Differential Voltage VRL — Vssa -6.5 6.5 \%

Disruptive Input Current!. 2.3, 4,5, 6
9 VNEGCLMAP =-0.3V INA -500 500 1A
VPOSCLAMP = VDDA +2
10 |Adjacent Pin Attenuation?: 5 6.7 — 500 — —
Maximum Input Current 3 4. 6
11 VNEGCLAMP =-03V ImA -25 25 mA
VPOSCLAMP = VDDA +2

NOTES:

1. Below disruptive current conditions, the channel being stressed has conversion values of $3FF for analog in-
puts greater than VR and $000 for values less than VR . This assumes that VRy < Vppa and VR > Vgsa
due to the presence of the sample amplifier. Other channels are not affected by non-disruptive conditions.

2. Input signals with large slew rates or high frequency noise components cannot be converted accurately. These
signals also affect the conversion accuracy of other channels.

3. Exceeding limit may cause conversion error on stressed channels and on unstressed channels. Transitions
within the limit do not affect device reliability or cause permanent damage.

4. Input must be current limited to the value specified. To determine the value of the required current-limiting re-
sistor, calculate resistance values using positive and negative clamp values, then use the larger of the calcu-
lated values.

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

Condition applies to one pin at a time only.

7. The attenuation factor reflects current induced on pins adjacent pins to the pin under negative stress condi-
tions. A voltage drop may occur across the external source impedances of the adjacent pins impacting con-
versions on these pins.

o
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Table E-9 QADC64 Electrical Characteristics (Operating)

Num Parameter Symbol Min Max Unit
1 Analog Supply" Vopa 45 5.5 %
2 Internal Digital Supply’ VobL 3.0 3.6 %
3 VSS Differential Voltage VSS - VSSA -100 100 mV
4 Reference Voltage Low? Val Vssa Vgga +0-1 Y%
5 Reference Voltage High? Veu Vppa - 0-1 Vopa Y%
6 Vger Differential Voltage VgH — VRL 4.5 5.5 \
7 Input Voltage VINDC Vega=0-3 | Vppa+ 03 \%
8 Input High Voltage, PQA and PQB Viy 0.7 (Vppa) | Vppa+ 0-3 Vv
9 Input Low Voltage, PQA and PQB Vi VSSA -03 |04 (VDDA) \Y;
10 |Input Hysteresis, PQA, PQB3 Vhvs 0.5 — v

Output Voltage, PQA%
11 lo, = 32mA Vo, — 0.45 Y,
1., =-2.0mA
OH Von 3.8 — Vv
Analog Supply Current
12 Normal Operation® | — 5.0 mA
Low-Power Stop DDA — 10.0 HA
i3 Reference Supply Current, DC IREF _ 250 LA
Reference Supply Current, Transient iREF — 2.0 mA
14 Load Capacitance, PQA output C. — 50 pF
15 Input Current, Channel Off®
PQA, PQB lorr -200 200 nA
Total Input Capacitance’
16 PQA, PQB, Not Sampling c — 15 oF
Incremental Cap added during Sampling IN — 5
17 Disruptive Input Injection Current® Iing -3 3 mA
NOTES:
1. Refers to operation over full temperature and frequency range. Here V_ _ = 3.3 V typical.

DDL

2. To obtain full-scale, full-range results, Vgga < VR < Vinoe < VRH < VDDA-
3. Parameter applies to the following pins:
Port A: PQA[7:0)/AN[59:58)/ETRIG[2:1]
Port B: PQB[7:0)/AN[3:0]/AN[51:48])/AN[Z:W]
4. Full driver (push-pull).
5. Current measured at maximum system clock frequency with QADC active.
6. Maximum leakage occurs at maximum operating temperature. Current decreases by approximately one-half for
each 8 to 12 °C, in the ambient temperature range of 50 to 125 °C.
7. This parameter is periodically sampled rather than 100% tested.
8. Below disruptive current conditions, the channel being stressed has conversion values of $3FF for analog inputs
greater than Vg and $000 for values less than Vg . This assumes that Vg < Vppa and Vg 2 Vgga due to
the presence of the sample amplifier. Other channels are not affected by non-disruptive conditions.
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E.2.5 QADC64 AC TIMINGS

Table E-10 QADC64 Conversion Characteristics (Operating)

Num Parameter Symbol Min Typ Max Unit
1 |QADC Clock (QCLK) Frequency’ Facik 0.5 — 2.1 MHz
5 |Conversion Cycles? cc 14 . o8 QCLK

cycles
Conversion Time 23
3 |Faclk =2.0MHz*
Min = CCW/IST =%00 T
CONV 7.0 — 14.0 S
Max = CCW/IST =%11 H
Stop Mode Recovery Time Tsr — — 10 us
Resolution® — — 5 — mV
Disruptive Input Injection Current”> 6 78,9 ling -3 3 mA
g |Coupling Ratio 7,101, 12 V/V or
PQA, PQB K — — 1074 A/A
Incremental Error due to injection current
9 All channels have same 10 KQ < Rs < 100 KQ'® +1.0 | Counts
Channel under test has Rs = 10 KQ, Ijy =+ 3mA1314 +1.0 | Counts
10 [Source impedance at input'® Rs — 10 100 KQ
11 |Incremental Capacitance during Sampling'* CSAMP - — 5 pF

NOTES:

1. Conversion characteristics may vary with Fqc k rate, possibly causing reduced conversion accuracy at max Fq.
CLK rate.

2. This specification depends on the value of “BYP” and “IST” control bits in the active CCW.

3. Assumes that fgyg = 40 MHz.

4. Assumes Fqck = 2.00 MHz, with clock prescaler values of:

QACRO: PSH =%01011, PSA =%0, PSL =111)
CCW: BYP =%0

5. At Vgy — VR =5.12V, one count =5 mV.

6. Below disruptive current conditions, the channel being stressed has conversion values of $3FF for analog inputs
greater than Vg and $000 for values less than Vg . This assumes that Vg < Vppa and Vg 2 Vgga due to
the presence of the sample amplifier. Other channels are not affected by non-disruptive conditions.

7. Exceeding limit may cause conversion error on stressed channels and on unstressed channels. Transitions with-
in the limit do not affect device reliability or cause permanent damage.

8. Input must be current limited to the value specified. To determine the value of the required current-limiting resis-
tor, calculate resistance values using VposcLamp = VDDA + 0.3 V and VnegoLamp =—0.3 V, then use the larg-
er of the calculated values.

9. Condition applies to two pins, adjacent to channel being converted.

10. Coupling Ratio, K, is defined as the ratio of the output current, |1, ;, measured on the pin under test to the injec-
tion current, I, when both adjacent pins are overstressed with the specified injection current. K = ¢/ linj The
input voltage error on the channel under test is calculated as Verr = |, * K* Rg

11. Total Injection current is determined by the number of channels injecting (e.g. 15), external injection voltage
(Ving - VPoscLamps ©F Ving - VNEGeLamP) > and the external source impedance, Rs, wherein all input channels
have the same values. To determine the error voltage on the converted channel, only the two adjacent chan-
nels are expected to contribute to the error voltage:

Verij = (Ving- VeLamp) ™ K2

12. Performance expected with production silicon.
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13. Maximum source impedance is application-dependent. Error resulting from pin leakage depends on junction
leakage into the pin and on leakage due to charge-sharing with internal capacitance.
Error from junction leakage is a function of external source impedance and input leakage current. In the fol-
lowing expression, expected error in result value due to junction leakage is expressed in voltage (Vem-):

Verr] = RS IOFF

where lopr is a function of operating temperature. (See Table E-9, note 6).
Charge-sharing leakage is a function of input source impedance, conversion rate, change in voltage between
successive conversions, and the size of the filtering capacitor used. Error levels are best determined empiri-
cally. In general, continuous conversion of the same channel may not be compatible with high source imped-

ance.
14. For a maximum sampling error of the input voltage < 1LSB, then the external filter capacitor, C; > 1024 * CSAMP.
The value of C in the new design may be reduced, or increased slightly.

SAMP

E.2.6 QSM Electrical Characteristics

Table E-11 QSM DC Electrical Specifications

. .. Rise/Fall Max Load
Characteristic Symbol Time (ns) (1)
Load Capacitance for QSM Output Pins 41 200
QSMC| 31 150
21 100
E.2.7 QSM AC Timings
. ©a RO
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Figure E-21 QSPI Timing — Master, CPHA =0
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Figure E-22 QSPI Timing — Master, CPHA =1
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Figure E-24 QSPI TIming — Slave, CPHA =1

Table E-12 QSPI Timing

Num Function Symbol Min Max Unit
Operating Frequency
0 Master fop DC 1/4 fsys
Slave DC 1/4 foys
Cycle Time
1 Master toeye 4 510 teye
Slave 4 _ t
cyc
Enable Lead Time
2 Master tiead 2 128 teye
Slave 2 _ t
cyc
Enable Lag Time
3 Master tiag 2 1/2 SCK
Slave — — teye
Clock (SCK) High or Low Time
4 Master tsw 2 tcyc — 60 | 255 tecyc ns
Slave’ 2tcyc—n — ns
Sequential Transfer Delay
Master
t t
5 Slave (Does Not Require Dese- d 1; 8192 tcyc
lect) o cyc
Data Setup Time (Inputs)
6 Master tsu 30 — ns
Slave 20 — ns
Data Hold Time (Inputs)
7 Master thi 0 — ns
Slave 20 — ns
8 Slave Access Time ta — 1 teye
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Table E-12 QSPI Timing (Continued)

Num Function Symbol Min Max Unit
9 Slave MISO Disable Time tais — 2 teye
Data Valid (after SCK Edge)
10 Master ty — 50 ns
Slave — 50 ns
Data Hold Time (OQutputs)
11 Master tho 0 — ns
Slave 0 — ns
Rise Time
Input 2
1 —
12 Output " SeeNote| M°
tro — ns
2
Fall Time
Input 2
te —
13 Output fi SeeNote| °
th —_ ns
2
NOTES:

1. For high time, n = external SCK rise time; for low time, n = external SCK fall time.
2. The output rise time and fall time vary for different MCUs depending on the 1/0O pad used.

E.2.8 CTM9 AC Timing
Table E-13 MCSM Timing
Num Parameter Symbol Min Max Unit
1
1 |Input pin frequency foentr 0 foydl4 MHz
2 |Input pin low time oL 2.O/fSys — us
3 |Input pin high time to 2.O/fSys — us
4 |Clock pin to counter increment tome 4.5/fSys 6.5/fSys us
5 |Clock pin to new TBB value toree 5.O/fSys 7.O/fSys us
6 |Clock pinto COF set ($FFFF) tocor 4.5/fSys 6.5/fSys us
7 |Pinto IN bit delay L 1.5/fSys 2.5/fSys us
8 |Flag to IMB interrupt request teira 1.O/fSys 1.O/fSys us
2
9 | Counter resolution tores - 2'O/fsys us

NOTES:

1. Value applies when using external clock
2. Value applies when using internal clock. Minimum counter resolution depends on prescaler divide ra-
tio selection
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Table E-14 PWMSM Timing

Num Parameter Symbol Min Max Unit
1 . 1 t — —_ I.LS
PWMSM output resolution PWMR
2
2 |PWMSM output pulse towmo 2'O/fsys - us
3
3 |PWMSM output pulse towmo 2.0/ fsys 2.0/ fsys us
CPSM enable to output set
PWMSM enabled before CPSM, DIV23 =0 t 3.5/f _
4 PWMP sys us
PWMSM enabled before CPSM, DIV23 =1 6.5/f
" sys
PWM enable to output set
5 PWMSM enabled before CPSM, DIV23 =0 towe 3.5/fSys 4.5/fSys us
PWMSM enabled before CPSM, DIV23 =1 5'5/fsys 6'5/fsy
6 |FLAG to IMB interrupt request teira 1.5/fSys 2.5/fSy us
NOTES:
1. Minimum output resolution depends on counter and prescaler divide ratio selection.
2. Excluding the case where the output is always zero.
3. Excluding the case where the output is always zero.
Table E-15 SASM Timing
Num Parameter Symbol Min Max Unit
1 |Input pin low time tpinL 2.0/fgys — us
2 |Input pin high time to 2.O/fSys — us
1
3 |Input capture resolution tRESCA - 2'O/fsys us
4 |Pin to input capture delay tocapT 2.5/fSys 4.5/fSys us
5 |Pinto FLAG set toriaG 2.5/fSys 4.5/fSys us
6 |Pinto IN bit delay tong 1.5/fSys 2.5/fSys us
7 |OCT output pulse toor 2.O/fsys — us
8 |Compare resolution’ teesom — 2.0/ ¢ us
9 |TBB change to FLAG set teria 1.5/fSys 1.5/fSys us
2
10 |TBB change to pin change topin 1'5/fsys 1'5/fSys us
11 |Flag to IMB interrupt request® tira 1'O/fsys 1'0/fsys us
NOTES:
1. Minimum resolution depends on counter and prescaler divide ratio selection.
2. Time given from when new value is stable on time base bus.
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Table E-16 DASM Timing

Num Parameter Symbol Min Max Unit
1 |Input pin low time oL 2.O/fSys — us
2 |Input pin high time to 2.O/fSys — us
1
3 Input capture resolution tRESCA - 2'O/fsys us
4 |Pin to input capture delay tocapT 2.5/fSys 4.5/fSys us
5 |Pinto FLAG set toraG 2.5/fSys 4.5/fSys us
6 |Pinto IN bit delay tone 1.5/fSys 2.5/fSys us
7 |OCT output pulse toct 2.O/fSys — us
8 |Compare resolution' taesom — 2.0/ us
9 |TBB change to FLAG set teria 1.5/fSys 1.5/fSys us
2
10 |TBB change to pin change topin 1'5/fsys 1'5/fSys us
11 |Flag to IMB interrupt request® tira 1'O/fsys 1'O/fsys us
NOTES:
1. Minimum resolution depends on counter and prescaler divide ratio selection.
2. Time given from when new value is stable on time base bus.
Table E-17 PWMSM Timing
Num Parameter Symbol Min Max Unit
1
1 PWMSM output resolution towmr - - us
2
2 |PWMSM output pulse towmo 2'O/fsys - us
3 |PWMSM output pulse? towmo 2.0/ ¢ 2.0/ us
CPSM enable to output set
4 PWMSM enabled before CPSM, DIV23 =0 t 3.5/ _ us
PWMSM enabled before CPSM, DIV23 = 1 PwMP 65/
T sys
PWM enable to output set
5 PWMSM enabled before CPSM, DIV23 =0 t 3.5/ 4.5/ us
PWMSM enabled before CPSM, DIV23 = 1 PWWE g g
5.5/fSys 6.5/fSys
6 |FLAG to IMB interrupt request tra 1.5/fSys 2.5/fSys us
NOTES:
1. Minimum output resolution depends on counter and prescaler divide ratio selection.
2. Excluding the case where the output is always zero.
E.2.9 TPU AC Characteristics
Table E-18 Time Processor Unit Timing (TPU)

Num Rating Symbol Min Max Unit
1 |CLKOUT High to TPU2 Output Channel Valid tCHTOV 2 23 ns
2 |CLKOUT High to TPU2 Output Channel Hold tCHTOH 20 ns
3 |TPU2 Input Channel Pulse Width tew 4 — tcyc

MC68377 ELECTRICAL AND AC CHARACTERISTICS MOTOROLA

REFERENCE MANUAL

Rev. 15 Oct 2000

E-32



E.2.10 TouCAN AC Characteristics

Table E-19 TouCAN AC Characteristics

Num Parameter Symbol Value Unit
1 CNTXO0 — Delay from ICLOCK — 19 ns
2 |CNRXO0 — Set-up to rise ICLOCK — 0 ns
3 |TOUCAN serial (Tx, Rx pins) max frequency — 1 MHz

E.2.11 DLCMD3 AC Characteristics

Table E-20 DLCMD2 Requirements

Operating 1 .
Temperature IC Package Clock Speed Quiescent Current Draw
—40to +125 °C NA 2.00 Mhz (Min) to 128.00 MHz (Max) 50 pA LPSTOP, 200 pA idle

NOTE:

1. No additional clock part needed for the DLCMD2. The DLCMD2 will adapt to the CPU (IMB3) clocking using soft-
ware programmable prescaler. DLCMD2 must correctly operate over any clock jitter present within the integrated

device.
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