SECTION 13

ELECTRICAL SPECIFICATIONS

This section contains the electrical specifications and associated timing information for the
MC68HC11G5.

13.1  MAXIMUM RATINGS *

Rating Symbol Value Unit
Supply Voltage VDD -0.5107.0 v
Input Voltage Vin Vss-0.5to v
VDD + 0.5
Operating Temperature Range TA TLto TH °C
-40to 85
Storage Temperature Range Tstg - 6510 150 °C
Current Drain per Pin* ID 25 mA
Excluding Vpp and Vgs

One pin at a time, observing maximum power dissipation limits.

t This device contains protective circuitry against damage due to
high static voltages or electrical fields; however, it is advised that
normal precautions be taken to avoid application of any voltages
higher than maximum-rated voltages to this high-impedance
circuit. Reliability of operation is enhanced if unused inputs are
tied to an appropriate logic voltage level (eg. either GND or Vpp ).

MC68HC11G5 ELECTRICAL SPECIFICATIONS MOTOROLA
1341



13.2 THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit

Thermal Resistance Plastic 0JA 50 °C/W

133 POWER CONSIDERATIONS

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

Ty=Ta+ (Ppe*6ya) (1)
Where:
TAo = Ambient temperature (°C)
6ja = Package thermal resistance, junction-to-ambient (°CC/W)
Po = PINT+Pyo
PNt = Internal chip power = Ipp x Vpp (W)
Pyo = Power dissipation on input and output pins (W) — user determined)

Note:  For most applications Pyo < P|NT and can be neglected.
An approximate relationship between Pp and T (if Pyyo is neglected) is:
Pp= K+ (Ty+ 273°C) 2
Solving equations (1) and (2) for K gives:
K =Pp e (Ta+ 273°C) + 85 ® Pp2 <)
Where K is a constant pertaining to the particular part. K can be determined from equation (3) by

measuring Pp (at equilibrium) for known Ta_Using this value of K, the values of Pp and T can be
obtained by solving equations (1) and (2) for any value of Ta.
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13.4  DCELECTRICAL CHARACTERISTICS

(VDD = 5.0 Vdc £ 10%, Vg = 0 Vdc, Ta = T to TH unless otherwise noted)

Characteristic Symbol Min Max Unit
Output Voltage Alloutputs | VoL — 0.1 v
ILoad =  10.0pA (See Note 1) All outputs except RESETand MODA| VoH | VDD-O0.1 —
Output High Voltage All outputs except| VoH | Vpp-0.8 — \
ILoad = - 0.8mA, \pp = 4.5V (See Note 1) RESET, XTAL and MODA
Output Low Voltage All outputs except XTAL | VoL — 0.4 \
|Load = 1.6mA
Input High Voltage RESET| ViH [08xVpD| VDD v
All inputs except RESET| V4 | 0.7xVpp VDD
Input Low Voltage All Inputs viL — 0.8 v
ILoad =1.6mMA
O Ports, Three-state Leakage PAO-7, PC0O-7, PDO-5, PGO-7,| loz — +10 A
Vin= Vi or Vi, PHo-7, PJ0-3, MODA/LIR, RESET
Input Current All Inputs lin — +1.0 WA
Vin=VpD or Vsg
RAM Standby Voltage Powerdown| Vgp 2.0 vVpD v
RAM Standby Current Powerdown! Igp — 20 A
Total Supply Current (See Note 2) IDD
RUN:
Single-Chip Mode IpD(run) — 30 mA
WAIT: (All Peripheral Functions Shut Down)
Single-Chip Mode IDD (wait) — 15 mA
STOP: (No Clocks)
Single-Chip Mode IpD{stop) — 100 RA
input Capacitance iRQ, XIRQ, EXTAL| Gip _ 12 pF
MODA/LIR, RESET, all Ports except PortE|  Cin _ 12 pF
NOTES:
1. VOH specification for RESET and MODA is not applicabie because they are open-
drain pins.
VOH specification is not applicable to ports C and D in wired-OR mode.
2. All ports configured as inputs,
ViL 0.2V,
ViL 2Vpp-0.2v,
No dc loads,
EXTAL is driven with a square wave, and
teyc = 476.5ns.
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Equivalent Test Load 1
R2 Pins R1 R2 c1
pest PAO-7, PB0-7, PCO-7, PDO,PDS, | 3.26kQ | 238k | 90pF
C1 Rt PF0-7, PGO-7, PHO-7, PJO-3, E, RW
PD1-PD4 3.26kQ | 2.38kQ 200pF
[ —vp—
Clocks VDD -0.8V
0.4V 0.4V
Vss
r—Nom. Nom.-#~
—70% of VDD
Inputs
—20% of Vpp
r4—Nominal Timing
—V
0.4V
—Vss
D.C. Testing
—
— VDD
Clocks \ 70% of Vpp
20% of Vpp 20% of Vpp 4
[4— Spec—#~ Spe (See Note 2)
—\DD -0.8V
Inputs {(— gWDD—l oD
oD ’f— 0.4V
44— Spec Timing—N
— VoD F70% ofV;
Outputs )t 20% of VBB
—Vss
A.C. Testing
Notes: 1. Full test loads are applied during all DC electrical tests and AC timing measurements.
2. During AC timing measurements, inputs are driven to 0.4 voits and VDD - 0.8
volts while timing measurements are taken at the 20% and 70% of VDD points.
Figure 13-1. Test Methods
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Figure 13-2. Run Ipp vs Bus Frequency (Single Chip Mode — 4.5V, 5.5V)
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Figure 13-3. Run Ipp vs Bus Frequency (Expanded Mode - 4.5V, 5.5V)
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Figure 13-4. Wait Ipp vs Bus Frequency (Single Chip Mode - 4.5V, 5.5V)
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Figure 13-5. Wait Ipp vs Bus Frequency (Expanded Mode — 4.5V, 5.5V)
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135 CONTROL TIMING

(VDD = 5.0 Vdc £ 10%, Vss= 0 Vdc, TA = T to TH unless otherwise noted)

Characteristic Symbol Min Max Unit
External Oscillator Frequency Crystal option|  TXTAL — 8.4 MHz
External clock option 4o oC 84 MHZ
Internal Operating Frequency Crystal (fXTAL/4) fo — 21 MHz
External clock fo DC 2.1 MHZ
Cycle Time All outputs except XTAL teye 476 — ns
Crystal Oscillator Startup Time toxov — 100 ms
Stop Recovery Startup Time DLY =0 ISRS — 4 teye
DLY =1 SRS - 4064 teye
Wait Recovery Startup Time tWRS — 4 teyc
Reset Input Puise Width (See Note 1) tRLRH teye
(To guarantee external reset vector) 8 -
(Minimum input time; may be pre-empted by internal reset) 1 -
Mode Programming Setup time tMPS 2 — teye
Hold time| tMPH 0 - ns
Interrupt Puise Width, HLIH =teye +20ns|  1ILIH
IRC Edge Sensitive Mode 496 — ns
Interrupt Pulse Perind tLiL Note 2 — teye
Processor Control
RESET, WAIT, IRQ (tpcs = 1/4 tgyc - 50ns) tpcs 69 — ns
MRDY tpcs 50 — ns
HALT (Ipcs = /4 tcyc + 20ns)|  tPCS 170 — ns
Bus Tri State Enable (tTSE = 1/4i¢cyc + 40ns) ITSE — 159 ns
Bus Tri State Disable 11sD — 65 ns
NOTES:
1. RESET will be recognised 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 two cydles later to
determine the source of the interrupt.
2. The minimum period t | j|_should not be less than the number of cycles it takes to execute the
interrupt service routine plus 211 cyc .
3. Alltiming is shown with respect to 20% V pp and 70% Vpp unless otherwise noted.
MC68HC11G5 ELECTRICAL SPECIFICATIONS MOTOROLA

13-7



A

EXTWW

\r
feyc—1

tPCS -
—.l [—tRLRW—™

MODA,MODB/ N ——{ N
sooress < rerexerrerrreX NI X Xeere FrreFrreFrreFrre) prer ()

Figure 13-6. POR External RESET Timing Diagram
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Figure 13-7. STOP Recovery Timing Diagram
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Figure 13-8. WAIT Recovery from Interrupt Timing Diagram
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Figure 13-9. Interrupt Timing Diagram
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Figure 13-10. Memory Ready Timing Diagram
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Figure 13-11. Entering HALT
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Figure 13-12. Exiting HALT
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13.6  PERIPHERAL PORT CHARACTERISTICS

(VDD = 5.0 Vdc £ 10%, Vgg = 0 Vdc, T = T|_ to Tl unless otherwise noted)

Characteristic Symbol Min Max Unit
Frequency of Operation (E Clock) fo — 2.1 MHz
E Clock Period teye 476 — ns
Peripheral Data Setup Time
PortA,C,D,J tpDSU 100 — ns
Port E tPDSU 100 — ns
PortG, H (tPDSU=-1/4 tcyc +93ns){ tPDSU -26 - ns
Peripheral Data Hold Time
PortA,C,D,J tPDH 80 — ns
Port E tPDH 80 — ns
Port G, H (tPDH= 1/4 tcyc + 130ns) tPDH 249 — ns
Delay Time, Peripheral Data Write
Port J1, J2, A3, A4, A5, A6, A7 tPWD — 150 ns
PortB, C,D, F, G, H, A0, A1, A2, J0, J3 (tPWD= 14 tcyc + 90ns) tPWD — 209 ns
NOTES:
1. All timing is shown with respect to 20% V pp and 70% Vpp unless otherwise noted.
E Clock \
'PWD
Ports
A3-7,01-2
N > pwD
Ports
B,C,0,F,G H,
A0-2, JO-3
Figure 13-13. Port Write Timing Diagram
MOTOROLA ELECTRICAL SPECIFICATIONS MC68HC11G5
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E Clock \ /
Ports
ACD,J
p ur I:
PortE oS PD
> 1ty
'pDSU  PDH
Port G, H .<
ppSU PDH
Figure 13-14. Port Read Timing Diagram
MC68HC11G5 ELECTRICAL SPECIFICATIONS MOTOROLA

1313



13.7  TIMER CHARACTERISTICS

(VDD =5.0 Vdc + 10%, Vg5 = 0 Vdc, TA = T to T unless otherwise noted)

Characteristic Symbol Min Max Unit

Timer Pulse Width input Capture

Pulse Accumulator Input (PWTIM=tcyc +20ns}} PWTIM 496 — ns
Timer Output Compare High Valid tOCH — 310 ns
Timer Output Compare Low Valid tocL — 295 ns
Timer input Capture Response Delay tCAP 496 1172 ns

Min = tcyc +20ns Max = 2 tcyc + 220ns

NOTES:

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

PAO-PA3/PJ1-PJ2!

PAO-PA3/PJ1-PJ22

pa7'3
PA723
Notes:
1. Rising edge sensitive input.

2. Failing edge sensitive input.
3. Maximum pulse accumulator clocking rate is E frequency divided by 2.

Figure 13-15. Timer Inputs Timing Diagram
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Value = XXXX

Compare
Reglpsat:;r

XXXX -1 XXXX

XXXX + 1

Counter X

0C1-0C7
Output

» 'OCH

0C1-0C7
Output

» focL

Figure 13-16. Output Compare Timing Diagram
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IC1-I6 / // /// ///
oros NN

XXXX-3 XXXX-2 XXXX -1 XXX
Counter X X X
XXXX
Capture
Register

————

towp le—

MIN——»

(Captured)

Figure 13-17. Input Capture Timing Diagram
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13.8 A/D CONVERTER CHARACTERISTICS

(VDD= 5.0 Vdc £ 10%, Vgs = 0 Vdc, TA = T|_ to TH, E = 750kHz to 2.1MHz unless otherwise noted)

Characteristic Parameter Min Absolute Max Unit
Resolution Number of bits resolved by the A/D 10 —_ — Bits
Nonlinearity Maximum daviation from the ideal A/D transfer — — TBD LSB

characteristics
Zero Error Difference between the output of an ideal and an - — 8D LSB
actual A/D for zero input voltage
Full Scale Error Difference between the output of an ideal and an — — TBD LSB
actual A/D for full scale input voltage
Total Unadjusted Error Maximum sum of Nonlinearity, zero error and — — TBD LsSB
full scale error
Quantization Error Uncertainty due to converter resolution — — 0.5 LsSB
Absolute Accuracy Difference between the actual input voltage and the — — 78D LSB
{See Note 1) full scale weighted equivalent of the binary output
code, all error sources included
Conversion Range Analog input voltage range Vi — Vrh v
(See Notes 3 and 4)
Vrh (See Note 2) Maximum analog reference voltage Vel — VppD+ 0.1 \
Vi (See Note 2) Minimum analog reference voltage V§s-0.1 _ Vrh
Delta Vy (See Note 2) Minimum difference between Vi, and V| 0 —_ — v
Conversion Time Total time to perform a single analog to digital
conversion:
1. E Clock — 36 — teye
2. Internal RC Osciliator — — teyc +24 s
Monotonicity Conversion result never decreases with an increase
L o Guaranteed
in input voltage and has no missing codes
Zero Input Reading Conversion result when V j, = Vi $000 — — Hex
(See Note 3)
Full Scale reading Conversion result when Vijn = Veh - — $3FF Hex
(See Note 4)
Sample Acquisition Time | Analog Input Acquisition sampling time:
1. E Clock - 13 -_ teye
2. Internal RC Oscillator —_ — 8.7 us
Sample Hold Capacitance| input capacitance during sample PEO-PE7 — 35 (Typ) — pF
Input Leakage Input leakage on A/D pins:
PEO-PE7 — — 100 nA
Vi, Vrh — — 250 pA

NOTES:
1. Source impedances greater then 10k will adversely affect accuracy, due mainly to input leakage.
2. Performance verified down to 2.5V Delta V, but accuracy is tested and guaranteed at Delta V [ = 5V 1 10%.
3. Minimum analog input voltage should not go below V gg - 0.3V.
4. Maximum analog input voltage should not exceed 1.125V .

MOTOROLA ELECTRICAL SPECIFICATIONS MC68HC11G5
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13.9 EXPANSION BUS TIMING
(VDD = 5.0 Vdc £ 10%, Vgg = 0 Vdc, TA = T|_ to TH unless otherwise noted)
Num Characteristic Symbol | Min Max Unit
Frequency of Operation (E-Clock) fo — 2.1 MHz
1 Cycle Time teye 476 — ns
2 Pulse Width E Low (1/2 tcyc - 23ns) t ELEH 215 — ns
3 Pulse Width E High (1/2 tcyc - 28ns) t EHEL 210 — ns
4 E Rise and Fall Time tR, tF — 20 ns
9 Address Hold Time (tAH = 1/8 teyc - 29.5ns) tAH 30 — ns
(See Note 1(A))
12 | Address Valid Time to E Rise (See Note 1(B)) tav 120 — ns
17 | Read Data Setup Time tDSR 30 — ns
18 | Read Data Hold Time tOHR 10 — ns
19 | Wirite Data Delay Time tDDW —_ 80 ns
21 | Write Data Hold Time tDHW 50 — ns
29 | MPU Address Access Time tacca | 320 — ns
(taAcCA=tAV +1R + tEHEL -tDSR (See Note 1(A))
NOTES:

1.

Input clock with duty cycle other than 50% will affect the bus performance. Timing parameters

affected by the input clock duty cycle are identified by (A) and (B). To re-calculate approximate
bus timing values, substitute the following expressions in place of 1/8 t cyc in the above formulae
where applicable:

(A) (1'DC) x 1/4 tcyc
(B) DC x 1/4tcyc

where DC is the decimal value of duty cycle percentage (High time).

2. All timing is shown with respect to 20% V pp and 70% Vpp.

MC68HC11G5
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13.10 SERIAL PERIPHERAL INTERFACE (SPi) TIMING

(VDD= 5.0 Vdc £ 10%, Vg = 0 Vdc, To = T{_ to TH unless otherwise noted)

Num Characteristic Symbol Min Max Unit
Operating Frequency Master |  fop(m) dc 0.5 fo
Slave | lop(s) dc 21 MHz
1 Cycle Time Master | tcyc(m) 20 — teye
Slave ‘cyc(s) 480 — ns
2 | Enable Lead Time Master | tlead(m) ‘ — ns
Slave | tlead(s) 240 — ns
3 | Enable Lag Time Master | tjag(m) ‘ — ns
Slave [ tiag(s) 240 — ns
4 | Clock (SCK) High Time Master | tw(SCKH)m | 340 — ns
Slave | tw(SCKH)s | 190 — ns
5 Clock (SCK) Low Time Master | tw(SCKL)m | 340 — ns
Slave | tw(SCKL)s | 1 90 — ns
6 Data Setup Time Master |  tsy(m) 100 — ns
Slave tsu(s) 100 — ns
7 Data Hold Time Master th(m) 100 — ns
Slave th(s) 100 — ns
8 | Access Time
(Time to Data Active from High-Impedance State) Slave ta 0 120 ns
9 Disable Time
(Hold Time to High-Impedance State) Slave tdis - 240 ns
10 | Data Valid (After Enable Edge)** tv(s) — 240 ns
11 | Data Hold Time (Outputs) (After Enable Edge) tho -40 — ns
12 | Rise Time (20% VDD 1o 70% VDD, CL = 200pF)
SP1 Outputs (SCK, MOSI, MISO_)__ tr(m) — 100 ns
SPl Inputs (SCK, MOSI, MISO, SS) te(s) — 20 ps
13 | Fall Time (70% V ppto 20% VpD, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) tf(m) — 100 ns
SPI Inputs (SCK, MOSI, MISO, SS) t(s) — 20 us

NOTES:
*  Signal production depends on software.
**  Assumes 200 pF load on all SPI pins.
1. Alltiming is shown with respect to 20% V pp and 70% Vpp unless otherwise noted.
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Note: This first edge is generated internally but is not seen at the SCK pin.

Figure 13-19. SPI Master Timing (CPHA = 0)
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Note: This last edge is generated internally but is not seen at the SCK pin.
Figure 13-20. SPI Master Timing (CPHA = 1)
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Figure 13-21. SPI Slave Timing (CPHA = 0)

See Note

Note: Not defined but normally LSB of character previously transmitted.
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Figure 13-22. SPI Slave Timing (CPHA = 1)
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13.11 EVENT COUNTER CHARACTERISTICS

Table 13.5. Clock Input (Required Limit)

Clock Input (Required Limit)

Num Characteristic Symbol Min Max Unit
1 Cycle Time of External Clock Input teycex 3xteyc — ns
2 Clock High Time twekh 1.5xteyc — ns
3 Clock Low Time twekl Ixteye — ns
4 Rise Time trek — 0.25xt cyc ns
5 Fall Time tick — 0.25xt ey ns

Table 13.2. Clock Input (Guaranteed Limit)

Clock Input (Guaranteed Limit)

Num Characteristic Symbol Min Max Unit
6 Propagation Delay tovr 1.5xteyc | 2.5xteyc + 240 ns

External Clock Rise to EVO Valid

7 Propagation Delay tovf 1.8xteye | 2.5xteye +240 ns

External Clock Fall to EVO Valid

EVI, EVI2

EVO

@

Figure 13-23. Event Counter Mode 1, 2, 3 - Clock lnput Timing Diagram

MOTOROLA
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Table 13.3. Clock Gate Input {Guaranteed Limit)

Clock Gate Input (Required Limit)

Num Characteristic Symbol Min Max Unit
1 Gate Input Setup Time to E Fall tgsu 0.25xt cyc — ns
2 Gate Input Hold Time to E Fall tgh 0.5xtcyc — ns

E Clock __/——_—\

(1)

VAR

{2+

Gate Input
(EVI or EVI2)

Figure 13-24. Event Counter Mode 1, 2, 3 - Clock Gate Input Timing Diagram
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