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ELECTRICAL SPECIFICATIONS (STANDARD)

This section contains the electrical specifications and associated timing information for the
standard supply voltage (Vpp = 5V = 10%) MC68HC11P2 variants.

121 Maximum ratings
Rating Symbol Value Unit
Supply voltage Voo -031047.0 v
input voltage (" Vo -0.310+7.0 Vv
Operating femperature range Ta TtoTy oC
| ~MCB8HC11P2, MCBBHCT711P2 -4010 +85

Storage temperalure range Tog - 5510 +150 “C
Current drain per pin ) | - mA
-not VDD, VSS, VDD AD, VSS AD, VRH or VRL o

{1} All voltages are with respect to Vss.

(2) Maximum current drain per pin is for cne pin at a time, observing maximum power
dissipation limits.

Note: This device contains circuitry designed to protect against damage due to high

electrostatic voltages or electric fields. However, it is recommended that normal
precautions be taken to avoid the application of any voltages higher than those given

in the maximum ratings table to this high impedance circuit. For maximum reliability all
unused inputs should be tied to either Vgg or V.
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12.2 Thermal characteristics and power considerations

The average chip junction temperature, T, in degrees Celsius can be obtained from the following
equation:

TJ=TA+(PDoBJA) 1]
where:

Ta = Ambient temperature (°C)
6,4 = Package thermal resistance, junction-to-ambient (°C/W)
Pp = Total power dissipation = Pyt + Py,0 (W)

Pint = Internal chip power = Ipp * Vpp (W)

P\io = Power dissipation on input and output pins (User determined)

An approximate relationship between P and T (if P o is neglected) is:

K
= 2
P T +273 12l
Solving equations [1] and [2] for K gives:
K=Ppe (Ty+273) +0,, o P2 [3]

where K is a constant for a particular part. K can be determined by measuring Py (at equilibrium)
for a known T,. Using this value of K, the values of P and T, can be obtained for any value of Ty,
by solving the above equations. The package thermal characteristics are shown below:

Characteristics Symbol | Value | Unit
Thermal resistance 0 “CW
- 84-pin PLCC package 50
- 84-pin CERQUAD package (EPROM) 50
- 88-pin QFP package 78D
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12.3 Test methods

VDD
Rz
T e B Foni
:0), -0, PC[7:0], oint
PDS, PDO, E, RW, AS 3.26k€) | 2.38kQ2 | 90pF o A1
PD[4:1] 3.26kQ2 | 2,38k} | 200pF
(a) Equivaient test loads
Clocks Voo Voo - 08V
strobes \4‘ 0.4V v oav f]
-Vss
nominal nominal
— 70% of Vop
Inputs
~ 20% of Vm
nominal timing
-Vw v
o0 - 08V
Qutputs Ve 0.4y
{b) DC festing
Clocks, Voo \ 7% ol Veg
strobes \LhotVop g 2%l va
Spec. | Spec.
—Vpp-~08V®
Inout 1 70% of Vpp }
nputs N 20% ol vpp o ®
spec. iming
Voo (T,
= ol Vpp
Ompms Ves ylk 20% of Vpp
(c) AC testing
Notes:
(1) Full test loads are applied during all DC efectrical tests and AC timing measurements.
{2) During AG timing measurements, inputs are drivento 0.4V and Vpp - 0.8V,
timing measurements are taken at the 20% and 70% of V oy points.
Figure 12-1 Test methods
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12.4 DC electrical characteristics

(Voo = 5.0 Vdc £ 10%, Vgg =0 Vdc, Ty = T, to Ty, unless otherwise noted)

Characteristic Symbol Min. Max. Unit
Output voltaget! (1,gup =+ 10 4A):

All outputs except XTAL Vo - 0.1 v

All outputs except XTAL, RESET & MODA Vou Vpp - 0.1 - v
Output high voltage™ (1, qup=-08mA, Vpp =4.5V):

All outputs except XTAL, RESET & MODA Vou Vpo-0.8 — v
Qutput low voltage (i gup = +1.6mA):

All outputs except XTAL Voo — 0.4 v
Input high voltage: Viy v

All inputs except RESET 0.7Vpp | Vpp+03
Input low voltage - all inputs Vi Ves-03 | 02V v
1fO ports tristate leakage {Va, = Vi or Vi )i

Ports A, B, C, D, F, G, H, MODATIR, RESET | |y, ~ 1 #10 pA
Input leakage™ (Vi = Voo or Vss): iy HA

TRQ, XIRQ (ROM parts) - +1

MODB/VSTBY, XIRQ (EPROM parts) - 110
Input current with pull-up resistors (v = vy ):

Ports B, F, G, H lpR 100 500 HA
RAM stand-by voltage {power down) Vsa 20 Voo v
RAM stand-by current {(power down) lsp — 10 HA
Input capacitance: Ci pF

Port £, TRQ, XTRT], EXTAL — 8

Ports A, B, C, D, F, G, H, MODA/LTR, RESET - 12
Output load capacitance: C, pF

Al outputs except PD{4:1], XTAL, MODATIR - %0

PD[4:1] — 200

{1) Von specification for RESET and MODA is not applicable as they are open-drain pins.
Vou specification is not applicable to ports € and D in wired-OR mode.

(2) Rafer to A/D specification for the leakage current value for port E.

Characteristic Symbol | 2MHz | 3MHKz | 4MHz | Unit
Maximum total supply current {including PLL)I™: loo
RUN: Single chip mode 27 32 40 mA
RUN: Expanded mode 35 42 50 mA
WAIT: Single chip mode® 10 15 | 20 mA
WAIT: Expanded mode® 12 17 22 mA
STOP: Single chip mode 50 50 50 nA
Power dissipation: Single chip mode p 149 176 | 220 W
Power dissipation: Expanded mode 0 193 | 231 | 275

(1) All current measurements taken with suitable decoupling capacitors across the power supply to
suppress the transient switching currents inherent in CMOS designs.
EXTAL is driven with a square wave, with {oye = 500/333/250ns for 2/3/4MHz devices.
VIL<0.2V; VIH 2VDD - 0.2V, no DC loads
WAIT: all peripheral functions shut down STOP: all clocks stopped

{2) |t the PLL low-power WAIT mode is selected (WEN = 1) then, with an external clock of 614kHz,
the supply current will not exceed 1mA in single chip mode, or 2mA in expanded mode.
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125 Control timing

(Vw = 50 VdC i 10"/0, V$ = 0 Vdc, TA = TL to TH)

- 2.0MHz 3.0 MHz 4.0MHz .
Characteristic 1 Symool Min. | Max. | Min. | Max. | Min. | Max Unit
Frequency of operation fop 0 2.0 0 3.0 0 40 | MHz
E clock period teve 500 - 333 - 250 - ns
Crystal frequency berac - 8.0 - 12.0 - 16.0 | MHz
External oscillator frequency 4lop 0 8.0 0 12.0 0 16.0 | MHz
Processor control set-up time {tacsy = teycid + 50ns) tpesuy 175 - 133 — 112 — ns
Reset input pulse width @) P\x::tti; ? _ ? _ ? — | teve
Mode programming set-up time tmps 2 - 2 - 2 - leve
Mode programming hold time WP 10 — 10 - 10 - ns
Interrupt pulse width (TRQ edge sensitve mode) | PWig [tove+20| —  [tevc+20] —  |[loye+20| — ns
u
mz: Ea;i::tnz pulse accumulator inputs) Pim |leve#20]  —  Jlove+20] —  flovo 20 — ns
WAIT recovery start-up time twrs — 4 - 4 — 4 teve
Clock moniter reset femon 10 200 10 200 10 200 | kHz
PLL crystal frequency hera - 2.0 - 20 - 20 | MHz
PLL stabilization time tpuLs - TBD - TBD - TBD | ms

{1) Alltiming is given with respect to 20% and 70% of Vpp, unless otherwise noted.

(2) Reset is recognized during the first clock cycle it is held low. Internal circuitry then drives the pin low for four clock cycles,
releases the pin and samples the pin level twe cycles later to determine the source of the interrupt. (See Section 10.)

{3) To guarantee an external reset vector.

{4) This is the minimum input time; it can be pre-empted by an internal reset.

PA3Of" /

PA3:07%) \

pa7il (3 / N / \ / \
2),
pa7i2). (3) \ / \ / \ /
Notes

(1) Rising edge sensitive input.
(2) Falling edge sensitive input.
(3) Maximum pulse accumulator clocking rate is E clock frequency divided by two (E/2).

Figure 12-2 Timer inputs
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e

\ PWasTL

tups tapr

A
MQDA, - —N
MoDB / --— — - -
A
WFFFEXFFFEXFFFEX FFFF FFFEXFFFE x FFFE x FFFFX "{:(';
N

Figure 12-3 Reset timing

E clock

] "—'PCSU
mo N/

@, XTa PWio
orinternal \

interrupt N

Address® X XOAM sP AsP-t sp-el SP-3 XSP-4XSP-5XSP—6XSP-7XSP—SXSP—8X VA XVAnX';eC"
oaa K H{or M- HreHperH{m Mmoo W o Ha HoeaH - Hw H{w H{w)
. \ /

Notes:
ores (1) Edge sensitive TRQ pin (IRQE = 1). (3) Where OA = Opcode address and VA = Vector address.
(2) Level sensitive TRQ pin (IRQE = 0), (4) Where OP = Opcode, VH = Vector (MSB) and VL = Vector (LSB).
Figure 12-4 Interrupt timing
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]

e Y T R

m(‘) k‘ \ / U N

@ N PWirg

orXIRa r\ N —N
tstoppELAY"

E clock

I\ A
| B -
Addressid SAn N N SA+1 3 " N l x x
Y | J

Resume program with instruction which follows the STOP instruclion

A \ A
Address® sa® Y sas1 : _: Sast ksas2f sP.. SP-7 x sP-8 x sp-ax FFF2 x FFF3 ":é‘
N \
Notes:
(1) Edge sensitive IRQ pin (IRQE = 1). 4) XIRQ with X-bitin CCR =1.
{2) Level sensitive TRQ pin (IRQE =0). ) THAQ (or XTAC, with X-bit = 0 in this case vector felch will be $FFF4/5).
(3) tsroppELAY = 4064 loyc (DLY = 1) ord toye {OLY = 0). {6) SA=STOP address.
Figure 12-5 STOP recovery timing
E clock
IRC. YIRQ, l‘ A lecsu
or internal
interrupts
N ns ‘
Address XWA“”WAH sp X sP-t sp-z..f:-_a‘ SP-B K sp-ax sp-sXVAmXVMX ’{:g’ f
Stack registers
N
RW \ R
|
Notes:
AESET also causes recavery from WAIT. (1) WA =WAIT address. () VA= Vector address.
Figure 12-6 WAIT recovery timing
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12.5.1 Peripheral port timing

(Vpp = 5.0 Vdc + 10%, Vg =0 Vde, Ty=T, o T,)

L 2.0MHz 3.0MHz 4.0MHz .
Characteristic (1) Symbol Min. | Max | Min. | Max | win | max | Y%
Frequency of operation (E clock frequency) fop 0 20 0 3.0 0 40 | MHz
E clock period teve 500 - KXX) - 250 - ns
Peripheral data set-up time, all ports ¢} topsy | 100 - 100 - 100 — ns
Peripheral data hold time, all ports (&) topH 50 - 50 - 50 — ns
Delay time, peripheral data write towp ns
MCU write to portA, B, GorH — 200 — 200 — 200
MCU write to port C, Dor F — 225 — 183 - 162

{1} Alltiming is given with respect fo 20% and 70% of Vg, unless otherwise noled.
(2) Port C and D timing is valid for active drive (CWOM and DWOM bits clear in OPT2 and SPCR registers, respectively).

. MCU read of port |
E dlock \ / \‘ /
Posu tpoH
Ports / 7 AN
AC.D,F i 7
L oo
Ports / 3 \
B.EG.H i 7

Figure 12-7 Port read timing diagram

| MCU write to port |

D e S

{
Eor[l)s F Previous port dala m‘ New data valid
:?g.se, H Previous port dala m New data valid

Figure 12-8 Port write timing diagram
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12.5.2

Analog-to-digital converter characteristics

(Vpp = 5.0 Vde £ 10%, Vgg = 0 Vde, Ty =T to Ty, 750kHz < E < 4MHz, unless otherwise noted)

o . 2MHZ(" { IMHZ" | AMHZY |
Characteristic Parameter Min. |Absolute Max. Max. Max. Unit
Resolution Number of bits resclved by ADC —- 8 - - — | bits
Non-linearity Maximum dgviation from the ideal ADC transfer _ _ +05 +1 + |sB
characteristics
Zero error Difference from the output of an ideal ADC for zero | _ +05 + +1 |LSB
input vollage
Full-scale error Diﬂerence_ from the output of an ideal ADC for _ _ 105 +1 +1 |LsB
full-scale input voltage
l’cr):: unadjusted m::rsnum sum of non-linearity, zero and full-scale _ _ 405 15 +15 |LSB
Quantization error | Uncertainty due lo converter resolution —_ — 05 0.5 0.5 |LSB
Ditference between the actual input voltage and the
Absolute accuracy | full-scale weighted equivalent of the binary output — - 11 +2 2 |LSB
code, including alt error sources
Conversion range | Analog input voltage range VaL - VeH Viu Vaw |V
Vau Analog reference voltage (high) VaL — | Vpp#0.1 | Vpp#0.1 | V0.1 V
VaL Analog reference voltage (low) @ Ve 01| — Veu Van Ve |V
AVq Minimum difference between Vg, and Vg, @ 3 - - - - |V
Total time to perform a single A/D conversion:
Conversion time E clock - R — — —  teve
Internal RC oscillator - - tovet32 | toyet32 | foye+d2 | us
Monotonicity pqnversion result never decregsgs withan increase Guarantesd
in input voltage and has no missing codes
Zero input reading | Conversion result when V= Vg $00 — - - — | Hex
Full-scale reading | Conversion resultwhen Vi = Vo, - - $FF SFF $FF | Hex
Sample acquisition Analogue input acquisition sampling time:
ime E clock _ — 12 - —_— - |teve
Internal RC oscillator - — 12 12 12 ']
S:gx:;:zf Input capacitance {PE[0:7]) during sample — 20 (typ) - - — pF
Input leakage on A/D pins:
Input leakage PE[O:7] - — 400 400 400 | nA
Vel Ve - - 1.0 1.0 1.0 MHA

(1) For fop < 2MHz, source impedances should be approximately 10kqQ. For fop > 2MHz, source impedances should be in the
range 5-10k€2. Source impedances greater than 10kQ2 have an adverse affect on A/D accuracy, because of input leakage.

(2) Performance verified down to AVp = 2.5V, however accuracy is tested and guaranteed at AVp = 5V + 10%.
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12.5.3 Serial peripheral interface timing

(VDD = 5.0 Vdc + 10%, V$ = 0 Vdc, TA = TL 10 TH)

- 2.0MHz 3.0MHz 4.0MHz .
Num Characteristic (1) Symbol Mine | Max. | Min. | Max. | Min. | Max. Unit
Operating frequency Master | foppy 0 0.5 0 0.5 0 05 | fop
Slave | 1opg) 0 20 0 3.0 0 40 | MHz
1 CYCIQ time Master tcyc(w 20 —_— 2.0 - 2.0 - tcyc
Slave | toygg | 500 | — [ 333 | — | 250 | — | ns
2 |Enable lead time Master | 1 - - -] = ==
Slave ltz.(;(:; 250 | — | 240 | — 200 | — | ™
3 |Enable lag time @ Master | tagpy | — | — | = | — | = | — | L
Slave tLAG(S) 250 — 240 —_ 200 -_—
4 Clock (SCK) hlgh time Master 'W(SCKH)M 340 ol 227 - 130 -— ns
Slave | twsckws | 190 | — | 127 | — 85 -
5 | Clock (SCK) low time Master | bysckym | 340 | — | 27 | — | 130 | — ns
Slave | bysokys | 190 | — | 127} — | 8 | —
6 |Input data set-up time Master | 509 100 | — | 100} — [ 100 | — ns
Slave | sy 100 | — | 100 — | 100 | —
7 | lnput data hold time Master 1 o 100 | — | 100 — | 100 | — ns
Slave s 100 — 100 — 100 -
8 | Access time (from high-z fo data active)  Slave t 0 120 0 120 0 120 | ns
9 |Disable time (hold fime to high-z state) ~ Slave tors — |20 | — | 167 | — | 125 | ns
10 | Data valid (after enable edge) ¥ bys) — (240 | — | 1867 | — | 125 | ns
11 | Output data hold time (after enable edge) tho 0 - 0 -_ 0 - ns
12 |Rise tme
SP! outputs (SCK, MOSI and MISO) tam - 100 - 100 — 100 | ns
SPlinputs (SCK, MOSI, MISO and 55) tas — |20 | — |20 | — | 20 | ps
13 |Fall time®
SPl outputs (SCK, MOSI and MISO) tem — | 100 | — 100 | — 100 | ns
SPlinputs {SCK, MOS!, MISO and 55) tes — |20 | — | 20| — | 20 | ps

(1) Alltiming is given with respect to 20% and 70% of Vpy;, unless otherwise noted.
(2) Signaf production depends on software.
(3) Assumes 200pF load on all SPI pins.
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A
e
T . ()
SCK (CPOL=0) \ = b @
{output) {ses nate) / ® \ A ‘\__/—__‘ \_
SCK (CPOL=1) 3 @ 4 _: /
oupy _eeote) / A O r_\___;
fa— r— 11 (rel. fo—
@ @~ L@ - @
(omgli; \‘ Master MSB out Bite..K:j X‘ Master LSB out (L
Note: This first clock edge is generated internally, but is not seen at the SCK pin.
Figure 12-9 SP{ master timing (CPHA = 0)
= )\
(O o S T
FR . C)
f w2 ._@_. ‘ /
SCK {CPOL=0 {see note)
(output} ® N |
SCK (CPOL=1) \ @ Y s
{output) ,f~_®__\ M&)
R e S T S i
G- - @ - - -
(omgj; \ Master MSB aut X Bit 6"(:'1 X Master LSB out ;{_
Note: This last clock edge is generaled internally, but is not seen at the SCK pin.
Figure 12-10 SP| master timing (CPHA = 1)
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5 —
ipu) Y, . /)
We == bl
SCK (cpg;?& . / :‘@", X
—O— ‘ *%@
it A v W o S

o3

MOS! . .
nou) —] MSB in }——( Et6..,.:1 )——( LSBin -
|
~ —® ~ o -
(omLSU?) E_ Slave MSB out Xi EIG.SJ X Slave LSB out X {see note) ‘}—-
‘ 1
Note: Not defined, but normally the MSB of character just received.
Figure 12-11 SPI slave timing (CPHA = 0)
—

55
(inputy X f}

i - I P =on S
\

®

)

SCK (CPOL=1) \ 5
{input) X

MOsl 7

©
- ® ~ -© k@*i @*g:

(om::’su‘o) —{ {see note) ) Slave MSB out X Bité.....1

-
-

&c)

Slave LSB out

Note: Not defined, but normally the LSB of character last transmitted.

Figure 12-12 SP| slave timing (CPHA = 1)
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12.5.4 Nonmultiplexed expansion bus timing

(VDD =50 Vde 106/0, VSS =0 VdC, TA = Ti. to TH)

. 2.0MHz 3.0MHz 40MHz .
Num Characteristic () Symbol Min. | Max. | Min. | Max. | Min. | Max. Unit
Fraquency of operation (E clock frequency) fop 0 20 0 30 0 40 | MHz
1 | Eclock period toyg | 500 | — | 3 | — | 250 | — ns
2 |Pulse width, E low @0 PWg, | 230 | — | W47 | — | 105 | — | ns
3 | Pulse width, E high @+ PWg, | 225 | — | 142 | — | 100 | — | ns
4A | Eclock rise t?me t - 20 - 20 - 20 ns
48 fall time f - 20 — 18 - 15
9 |Address hold time & tam 53 - 32 - 21 - | ns
11 | Address delay time to — 103 ] — | 8 | — | 71 | ns
12 | Address valid to E rise time tay 121 | — 65 - 34 — | ns
17 | Read data set-up time tosh 30 - 30 - 20 - ns
18 | Read data hold time toun 0 - 0 -— 0 - ns
19 | Write data delay time toow - 40 - 40 - 40 ns
21 | Write data hold time & oww | 63 | — | 4@ | - 31 — | ns
29 |MPU address access time ¥ booa | 347 | — | 203 | — | 14| — | ns
39 |Write data set-up time © sw | 185 | — | 102 | — 60 — | ns
57 | Address valid to data tristate time tavoz - 10 - 10 - 10 ns
(1) All timing is given with respect to 20% and 70% of Vpp, unless otherwise noted.
(2) Input clock duty cycles other than 50% will affect the bus performance.
(3) For fop < 2MHz the foliowing formulae may be used to calculate parameter values:
PWE, = loyc/2 - 20ns PWgy, = toy/2 - 25ns
tan = loyo/B - 1008 typ = loye/B + 40ns
tav = PWeL - tap tow = leve/®
facea = love — ti— tos ~ tantosw = PWen - toow
tecsa = PWen - tecso ~ psatacsn = lovo/4 + 40ns
tacsa=tove = = tosr — tacsp
MC68HC11P2 ELECTRICAL SPECIFICATIONS (STANDARD) MOTOROLA
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S
A &-
E clock \ ~ / N
DO
RAY,
Address KXXX
@ (D~
Da
(r:aa:!) ) ) ( { :D >_
— 57 “@ @ @‘”
XXX

Dat
(i) XD

Figure 12-13 Expansion bus timing

12.55 EEPROM characteristics

Characteristic Temperature range Unit
-40 {0 +85°C | -40to +105°C| 40 to +125°C
Programming time (")
<1MHz,RCOenabled 10 18 20
1-2MHz,RCOdisabled 20 must use RCO | mustuse RCO| ms
22 MHz & whenever RCO enabled 10 15 20
Erase time: byte, row and bulk () 10 10 10 ms
Write/erase endurance (@ 10000 10000 10000 cycles
Data retention @ 10 10 10 years

(1) The RC oscillator (RCO) must be enabled (by setting the CSEL bit in the OPTION register) for
EEPROM programming and erasure when the E clock frequency is less than 1.0MHz.

(2) Refer to the current issue of Motorola's quarterly Reliability Monitor Report for the latest failure
rate information.

12.5.6 EPROM characteristics

(Vpp = 5.0 Vdc £ 10%, Vs =0 Vdc, Ty =T, to T}, unless otherwise noted)

Characteristic Symbol Typ. Unit
Programming voltage Voo 12.25 v
Programming time terroG 4 ms
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