CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

Absolute Maximum Ratings

Supply Voltage, Vpp. .. .. - -« oo -0.5V to +7V
Input Voltage, V.. ... ... ... Vgg- 0.3V to Vpp + 0.3V
Self-Check Mode (IRQ Pin Only), V|y . Vg5 - 0.3V 1o 2x Vpp + 0.3V
Current Drain Per Pin Excluding Vppand Vgs, . ... .. .... 25mA

Operating Conditions

Operating Voltage Range. . ............ ... ... +4.5V to +5.5V
Operating Temperature Range. .. ....... ... ... -55°C to 125°C
CDPBBHCO5C16B .. ......... ... ... ... ... -40°C to 85°C
CDPBBHCLOSCI6B . ..., 0°C to 70°C
CDPBBHSCOSCIBB . ..ot 0°C to 85°C
Input Low Voltage . .. .. ... ... ... .. ... ..., 0Vito +0.8V

Thermal Information

Thermal Resistance (Typical, Note 1)

8a (°C/W)  Byg (PC/W)

SPDIP Package. ... .............. 55
PDIP Package . . .. ............... 55
PLCC Package .................. 45
MQFP Package. ................. 70
SBDIP Package. . ................ 80

Maximum Junction Temperature (Hemnetic Package)
Maximum Junction Temperature {Plastic Package)

Maximum Storage Temperature Range

Maximum Lead Temperature {Scldering 10s)
(PLCC, MQFP - Lead Tips Only)

N/A
N/A
N/A
N/A

CAUTION: Siresses above those listed in "Absolute Maximum Ralings” may cause permaneint damage lo the device. This is a siress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 8a is measured with the component mounted on an evaluation PC beard in free air.

DC Electrical Specifications HC Product Type

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CDP68HCO5C16B Vpp = 5V £10%, Vgg = 0V, Ty = -40°C to 85°C (Note 2)
Output Voltage VoL ILoap < 10pA - 0.1
VoH Vpp - 0.1 -
Output High Voltage
PAO0-7, PBO-7, PCO-6, TCMP, PD7, PDO VoH ILoaD = -0.8mA Vpp-028 -
PD1-5 VoH ILoaD = -1.6mA Vpp-08 -
PC7 VOH ILOAD =-5.0mA VDD -08 -
Qutput Low Voltage
PAO0-7, PB0-7, PCO0-8, PDO-5, PD7, TCMP VoL ILoap = 1.6mA - 04
PC7 VOL ILOAD = 10.0mA - 04
Input High Voltage, PAO-7, PBO-7, PC0-7, PDO- ViH 0.7 xVpp Vb
5, PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PAQ-7, PBO-7, PCO-7, PDO-5, ViL Vgg 0.2xVpp V'
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode VRM Ta =0°C to 70°C 1.5 - v
Wake Up Timer Oscillator Frequency frco Ta = 25°C 13 kHz
Supply Current {fogg = 4.2MHz)
Run (Note 6) Ibp 35 5.25 mA
WAIT (Notes 5, 86, 7, 9) Ibp 1.0 3.25 mA
STOP {Notes 7, 8) oD T = 25°C 1.0 20 pA
Tpa =0°Cto 70°C 2.0 40 pA
Tp = -40°C to 85°C 7.0 &0 pA
STOP with Wake Up Timer Enabled Iop Ta =25°C 10.0 pA
1/O Ports Hi-Z Leakage Current - RESET, PAQO-7, I -10 - +10 pA
PBO-7 (without Pullups), PC0-7, PDQ-5, PD7
Pullup Current PB0-7 {with Pullups, Note 10) N 60 140 300 pA
Input Current, IRQ, TCAP, OSCA N -1 - +1 pA
Capacitance Ports {(As Input or Output) Cout - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7
CiN - 8 pF




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

DC Electrical Specifications HC Product Type (Continued)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
CDPE8HCD5C16B Vpp = 3.3V +10%, Vgg = 0V, Ty = -40°C to 85°C

Qutput Voltage VoL ILoaD £ 10pA - - 01
VoH Vpp - 0.1 -
Output High Voltage
PAQ-7, PBO-7, PCQ-6, TCMP, PDO, PD7 VoH ILoaD = -0.2mA Vpp-0.3 -
PD1-5 VoH ILoap = -0.4mA Vpp - 0.3 -
PC7 VoH ILoaD =-1.5mA Vpp-03 -
Qutput Low Voltage
PAOQ-7, PBO-7, PC0-6, PDO-5, TCMP, PD7 VoL ILoaD = 0.4mA - - 0.3
PC7 VoL ILoaD = 6.0mA - - 0.3
Input High Voltage, PAQ-7, PB0-7, PCO-7, PDO- ViH 0.7 xVpp N Voo
5, PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PAQ-7, PBO-7, PCO-7, PDO-5, ViL Vgs N 0.2xVYpp A
PD7, TCAP, IRQ, RESET, OSCA
Data Retention Mode VRM Ta = 0°C to 70°C 15 - - v
Wake Up Timer Oscillator Frequency frco Ty =25°C - 13 - kHz
Supply Current {(fogsg = 2.0MHz)
Run (Note 8) oD - 1 1.6 mA
WAIT (Notes 5, 6, 7, 9) Iop - 0.5 08 mA
STOP {Notes 7, 9) oD Tp =25°C - 1 8 pA
Ta = 0°C to 70°C - - 16 pA
Ta = -40°C to 85°C - - 20 PA
STOP with Wake Up Timer Enabled Ibp Tp =25°C - 10.0 pA
I/0 Ports Hi-Z Leakage Current - RESET, PA0-7, m -10 - +10 pA
PBO-7 (without Pullups), PC0-7, PDQ-5, PD7
Pullup Current PB0-7 {with Pullups, Note 10) N 25 65 140 pA
Input Current - TRQ, TCAP, OSC1 N -1 - +1 pA
Capacitance Ports (As Input or Output) Cour - - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7 o X B oF

NOTES:

2. This device contains circuitry to protect the inputs against damage due to high static voltages of electric fields; however, it is advised that
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For
proper operation it is recommended that Vjy and Vo1 be constrained to the range Vgg<(V|Ny or VouT)<VDp. Reliability of operation is
enhanced if unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vgg or Vpp).

. All values shown reflect average measurement.
. Typical values at midpoint of voltage range, 25°C only.
. Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, 8Cl active (SPE = TE = RE = 1) add 10% current draw.

. Run {Operating) Ipp. Wait Ipp: Measured using external square-wave clock source, all inputs 0.2V from rail, no DC loads, less than 50pF
on all outputs, G| = 20pF on OSC2.

7. Wait, Stop Ipp: All ports configured as inputs, V|_= 0.2V, V|y = Vpp -0.2V.

o o~ w

8. Stop Ipp measured with OSC1 = Vgg,
9. Wait Ipp is affected linearly by the OSC2 capacitance.
10. Input pullup current measured with V| = 0.2V.




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

Control Timing HC Product Type

PARAMETER SYMBOL MIN MAX UNITS

CDPE3HCO5C16B Vpp =5V +10%, Vgg = 0V, Tp = -40°C to 85°C
Frequency Of Operation

Crystal Option fosc 4.2 MHz

External Clock Option fosc DC 4.2 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop 21 MHz

External Clock (foge + 2) fop DC 2.1 MHz
Cycle Time (See Figure 11) teve 480 ns
Crystal Oscillator Start Up Time for AT-cut Crystal (See Figure 11) toxov 100 ms
Stop Recovery Start Up Time (AT-cut Crystal Oscillator) {See Figure 2) tiLcH 100 ms
RESET Pulse Width (See Figure 11) tRL 1.5 tove
Timer

Resolution {Note 12) tres 4 teve

Input Capture Pulse Width {See Figure 3) trys by 125 ns

Input Capture Pulse Pericd (See Figure 3) triTe (Note 13) teve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 15) tiLH 125 ns
Interrupt Pulse Period (See Figure 15) tiLie (Note 11) teve
OSC1 Pulse Width ton. toL 90 ns
CDPB8HCD5C16B Vpp = 3.3V £10%, Vgg = OV, T = -40°C to 85°C
Frequency Of Operation

Crystal Opticn fosc 2.0 MHz

External Clock Option fosc DC 2.0 MHz
Internal Operating Frequency

Crystal {fosc + 2) fop 1.0 MHz

External Clock (fage + 2) fop DC 1.0 MHz
Cycle Time (See Figure 11) teve 1000 ns
Crystal Oscillator Start Up Time for AT-cut Crystal (See Figure 11) toxov 100 ms
Stop Recovery Start Up Time (AT-cut Crystal Oscillator) (See Figure 2) tiLcH 100 ms
RESET Pulse Width (See Figure 11) tRL 1.5 tove
Timer

Resolution {Note 12) tres 4 teve

Input Capture Pulse Width (See Figure 3) trH. L 250 ns

Input Capture Pulse Pericd (See Figure 3) triTe (Note 13) teve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 15) tiLH 250 ns
Interrupt Pulse Period (See Figure 15) tiLie (Note 11) teve
OSC1 Pulse Width ton, toL 200 ns

NOTES:

11. The minimum pericd fj | should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 toyc.

12. Since a 2-bit prescaler in the timer must count four internal cycles (toye), this is the limiting minimum facter in determining the timer resolution.

13. The minimum pericd t1 1L should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24

tove.




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

Serial Peripheral Interface (SPI) Timing (See Figure 4) HC Product Type

LEAD | PARAMETER | symeoL [ min MAX UNITS
CDPE&8HCD5C16B Vpp = 5V +10%, Vgg = 0V, Tp = -40°C to 85°C Unless Otherwise Specified
Operating Frequency
Master forowy DC 0.5 fop (Note 18)
Slave fopgs) DC 21 MHz
1 Cycle Time
Master toyoon 2.0 tove
Slave toyes) 480 ns
2 Enable Lead Time
Master tLEADIM) (Note 14) -
Slave tLEAD(S) 240 ns
3 Enable Lag Time
Master taGv) (Note 14) -
Slave tLaa(s) 720 ns
4 Clock (SCK) High Time
Master twisckHM 340 ns
Slave bwisckH)s 190 ns
5 Clock (SCK) Low Time
Master hw(SCKLM 340 ns
Slave twisckL)s 190 ns
6 Data Setup Time (Inputs)
Master tsugvy 100 ns
Slave tsues) 100 ns
7 Data Hold Time {Inputs)
Master o 100 ns
Slave this) 100 ns
2 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 tpis 240 ns
10 Data Valid Time
Master {Before Capture Edge) tyowy 0.25 toyom
Slave (After Enable Edge) (Note 15) ty(s) 240 ns
11 Data Hold Time {Outputs)
Master (After Capture Edge) tHO(IVI) 0.25 tCYC(M)
Slave (After Enable Edge) tHos) 0 ns
12 Rise Time {Vpp = 20% to 70%, €| = 200pF)
SPI Qutputs {SCK, MOSI, MISO) trgwy 100 ns
SPI Inputs (SCK, MOSI, MISO, 88} tr(s) 20 us
13 Fall Time (Vpp = 20% to 70%, C| = 200pF)
SPI Outputs {SCK, MOSI, MISO) tign) 100 ns
SPI Inputs (SCK, MOSI, MISO, 55} tis) 20 us
CDP68HCO5C16B Vpp = 3.3V £10%, Vgg = 0V, Ty = -40°C to 85°C Unless Otherwise Specified
Operating Frequency
Master fopavy DC 0.5 fop
{Note 18)
Slave fores) DC 1.0 MHz




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

Serial Peripheral Interface (SPI) Timing (See Figure 4) HC Product Type (Continued)

LEAD PARAMETER SYMBOL MIN MAX UNITS

1 Cycle Time

Master tCYC(M) 2.0 tCYC

Slave tCYC(S) 1.0 s
2 Enable Lead Time

Master tLEAD(V) (Note 14) -

Slave tLEAD(S) 500 ns
3 Enable Lag Time

Master tLAG(M) (Note 14) -

Slave tLAG(S) 15 s
4 Clock (SCK) High Time

Master hw(SCKHIM 720 ns

Slave t\N(SCKH)S 400 ns
5 Clock (SCK) Low Time

Master tW(SCKL)M 720 ns

Slave tW(SCKL)S 400 ns
& Data Setup Time (Inputs)

Master tsuv) 200 ns

Slave tSU(S) 200 ns
7 Data Hold Time {Inputs)

Master o 200 ns

Slave this) 200 ns
8 Access Time (Time to Data Active from High Impedance State)

Slave ta 0 250 ns
9 Disable Time (Hold Time to High Impedance State)

Slave tpis 500 ns
10 Data Valid Time

Master {Before Capture Edge) tV(M) 0.25 tCYC(M)

Slave (After Enable Edge) (Note 15) ty(s) 500 ns
" Data Hold Time {Outputs)

Master (After Capture Edge) tHomy 0.25 toyom)

Slave (After Enable Edge) tHo(s) 0 ns
12 Rise Time (Vpp = 20% to 70%, C| = 200pF)

SPI Outputs {SCK, MOSI, MISO) trgw) 200 ns

SPI Inputs (SCK, MOSI, MISO, S8) bis) 2.0 us
13 Fall Time {Vpp = 20% to 70%, C|_ = 200pF)

SPI Outputs {SCK, MOSI, MISO) trgwy 200 ns

SPI Inputs (SCK, MOSI, MISO, SS) tis) 2.0 us

NOTES:

14. Signal Production depends on software.
15. Assumes 200pF load on all SPI leads.

16. Note that the units this specification uses is fop (internal operating frequency), not MHz! In the master mede the SPI bus is capable of
running at one-half of the devices’s internal operating frequency, therefore 5V: 1.05MHz and 3.3V: 0.05MHz maximum.

10




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

DC Electrical Specifications HCL Product Type

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CDPB8HCLO5C16B Vpp = 5V £10%, Vgg = OV, Tp = 0°C to 70°C (Note 17)
Qutput Voltage VoL ILoaD <10pA - - 01 \
VoH Vpp - 0.1 - \
Cutput High Voltage
PAOD-7, PBO-7, PCO-8, TCMP, PDO, PD7 VoH ILoaD = -0.8mA Vpp-0.8 - \
PD1-5 VOH ILOAD =-1.6mA VDD -0.8 -
PC7 VoH lLoaD = -5.0mA Vpp-0.8 - \
Cutput Low Voltage
PAQ-7, PB0-7, PC0-8, PD0-5, PD7, TCMP VoL ILoap = 1.6mA - - 04
PC7 VOL ILOAD =10.0mA - - 04 V'
Input High Voltage, PA0-7, PB0-7, PCO-7, PDO-5, ViH 0.7 xVpp N Voo V'
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PAQ-7, PBO-7, PC0-7, PDO-5, ViU Vgg N 0.2xVpp V'
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode Vam Ta = 0°Cto 70°C 15 - v
Wake Up Timer Oscillator Frequency fRoo Ta =25°C - 13 kHz
Supply Current (fosg = 4.2MHz)
Run {Note 20) oD - 3.5 4.25 mA
WAIT {Notes 19, 20, 21, 23) oD - 1.8 2.25 mA
STOP (Notes 21, 22) oD Ta = 25°C - 1 15 pA
Ta = 0°Cto 70°C - - 25 pA
STOP with Wake Up Timer Enabled oD Ta=25°C - 10.0 pA
I/C Ports Hi-Z Leakage Current - RESET, PAO-7, I -10 - +10 pA
PBO-7 (without pullups), PC0-7, PDQ-5, PD7
Pullup Current PB0-7 (with pullups, Note 24) I 80 140 300 pA
Input Current - IRQ, TCAP, OSC1 N -1 - +1 pA
Capacitance Ports (As Input or Output) Court - - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7
C|N - - 8 pF
CDPBE8HCLO5C16B Vpp = 2.5V - 3.6V, Vgg = 0V, T = 0°C to 70°C
QOutput Voltage VoL ILoaDp < 10pA - - 0.1 A
VoH Vpp - 0.1 - \
Qutput High Voltage
PAOD-7, PBO-7, PCO-6, TCMP, PDO, PD7 VoH lLoaD = -0.2mA Vpp-0.3 - V'
PD1-5 VoH lLoaD = -04mA Vpp - 0.3 - \

PC7 VoH ILoAD = -1.5mA Vpp-0.3 -

11




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

DC Electrical Specifications HCL Product Type (Continued)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Qutput Low Voltage

PAQ-7, PB0-7, PC0-8, PDO-5, PD7, TCMP VoL ILoaD = 0.4mA - - 0.3 A
PC7 VoL ILoaD = 5.0mA - - 0.3
Input High Voltage, PAO-7, PBO-7, PC0-7, PDO-5, Vi 0.7 xVpp N Vpp V'
PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PAQ-7, PB0-7, PCO0-7, PDO-5, ViL Vgg . 0.2xVpp v
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode Vam Ta = 0°Cto 70°C 15 - - \
Wake Up Timer Oscillator Frequency frRco Ta=25°C - 13 - kHz

Supply Current (fosc = 2MHz)

Run {Note 20) oD - 1.0 1.4 mA
WAIT {Notes 19, 20, 21, 23) Ipp - 0.7 1.0 mA
STOP (Notes 21, 22) Ipp Tp = 25°C - 1.0 50 pA

Ta = 0°Cto 70°C - - 10 pA
STOP with Wake Up Timer Enabled oD Ta=25°C - 10.0 pA

Supply Current (fogg = 1MHz)

Run {Note 20) Iop - 500 750 pA
WAIT (Notes 19, 20, 21, 23) oD - 300 500 pA
STOP (Notes 21, 22) IbD Ta = 25°C - 1.0 5.0 pA
Ta =0°Cto 70°C - - 10 pA
I/C Ports Hi-Z Leakage Current - RESET, PAQ-7, I -10 - +10 pA
PBO-7 (without Pullups), PC0-7, PD0-5, PD7
Pullup Current PBO-7 (with Pullups, Note 24) N 20 55 120 pA
Input Current - IRQ, TCAP, OSC1 N -1 - -1 pA
Capacitance Ports (As Input or Output) Cour - - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7
Cin - - 8 pF
CDP&8HCLOSC16B Vpp = 1.8V - 2.4V, Vgg = 0V, Ta = 0°C to 70°C (Note 17)
Cutput Voltage VoL ILoaD < 10pA - - 01 V'
VoH Vpp - 0.1 - - A
Cutput High Voltage
PAQ-7, PB0-7, PC0-6, TCMP, PDO, PD7 VoH ILoap =-0.1mA Vpp-0.3 - - A
PD1-5 VoH ILoaD = -0.2mA Vpp - 0.3 -
PC7 VoH lLoaD = -0.75mA Vpp-03 - - A
Cutput Low Voltage
PAQ-7, PB0-7, PC0-8, PD0-5, PD7, TCMP VoL ILoaD = 0.2mA - - 0.3 A
PC7 VoL ILoaD =2.0mA - - 0.3
Input High Voltage, PA0-7, PB0-7, PCO-7, PDO-5, ViH 0.7 xVpp N Voo V'

PD7, TCAP, IRQ, RESET, OSCH

12




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

DC Electrical Specifications HCL Product Type (Continued)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Low Voltage, PA0-7, PB0-7, PCO-7, PDO-5, ViL Vgg 0.2xVpp \
PD7, TCAP, IRQ, RESET, OSC1
Data Retention Mode VARm Ta = 0°Cto 70°C 15 - v
Wake Up Timer Oscillator Frequency frco Tp = 25°C 13 kHz
Supply Current (fage = 1MHz)
Run {Note 20) oD 300 600 pA
WAIT {Notes 19, 20, 21, 23) oD 250 400 pA
STOP (Notes 21, 22) oD Ty =25°C 1.0 2.0 pA
Tp = 0°Cto 70°C - 5.0 pA
STOP with Wake Up Timer Enabled oD Ta = 25°C 10.0 pA
1/C Ports Hi-Z Leakage Current - RESET, PAO-7, i -10 - +10 pA
PBO-7 (without Pullups), PC0-7, PD0-5, PD7
Pullup Current PBO-7 (with Pullups, Note 24) liN 20 45 75 pA
Input Current - IRQ, TCAP, OSCA N -1 - +1 PA
Capacitance Ports (As Input or Output) Cour - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7
CiN - 8 pF

NOTES:
17. All values shown reflect average measurement.
18. Typical values at midpoint of voltage range, 25°C only.

19. Wait Ipp: Only timer system active {SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.
20. Run (Operating) Ipp. Wait |pp: Measured using external square-wave clock source, all inputs 0.2V from rail, no DC loads, less than S0pF

on all outputs, G| = 20pF on OSC2.

21. Wait, Stop Ipp: All ports configured as inputs, V= 0.2V, V|y=Vpp-0.2V.

22. Stop Ipp measured with OSC1 = Vgg.
23. Wait Ipp is affected linearly by the OSC2 capacitance.
24. Input pullup current measured with V| = 0.2V.

Control Timing HCL Product Type

PARAMETER SYMBOL MIN MAX UNITS

CDP68BHCLO5C16B Vpp = 5V 10%, Vgg = 0V, T4 = 0°C to 70°C
Frequency Of Operation

Crystal Option fosc - 4.2 MHz

External Clock Option fosc DC 4.2 MHz
Internal Operating Frequency

Crystal (fogc + 2) fop - 21 MHz

External Clock {fogg + 2) fop DC 21 MHz
Cycle Time (See Figure 11) tove 480 ns
Crystal Oscillator Start Up Time for AT-cut Crystal (See Figure 11) toxov - 100 ms
Stop Recovery Start Up Time {AT-cut Crystal Oscillator) (See Figure 2) tiLcH - 100 ms
RESET Pulse Width {See Figure 11) tRL 1.5 tove

13




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

Control Timing HCL Product Type (Continued)

PARAMETER SYMBOL MIN MAX UNITS

Timer

Resolution (Note 26) tres 4 tovo

Input Capture Pulse Width (See Figure 3) trys trL 125 ns

Input Capture Pulse Period (See Figure 3) triTL {Note 27) tovo
Interrupt Pulse Width Low {Edge-Triggered) (See Figure 15) LTH]E, 125 ns
Interrupt Pulse Period {See Figure 15) LTHIN (Note 25) tovo
0OS8C1 Pulse Width top toL 90 ns
CDP6BHCLO5C16B Vpp = 2.4V to 3.6V, Vgg = 0V, Ty = 0°C to 70°C (Vpg = 3.6)
Frequency Of Operation

Crystal Option fosc - 2.0 MHz

External Clock Option fosc DC 2.0 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop - 1.0 MHz

External Cleck (fosc + 2) fop DC 1.0 MHz
Cycle Time (See Figure 11) tcve 1000 ns
Crystal Oscillator Start Up Time for AT-cut Crystal (See Figure 11) toxov - 100 ms
Stop Recovery Start Up Time {AT-cut Crystal Oscillator) (See Figure 2) tiLcH - 100 ms
RESET Pulse Width (See Figure 11) tRL 15 tove
Timer

Resolution (Note 26) tres 4.0 tove

Input Capture Pulse Width (See Figure 3) trus tro 250 ns

Input Capture Pulse Period (See Figure 3) troTL {Note 27) tove
Interrupt Pulse Width Low {Edge-Triggered) (See Figure 15) tiLiH 250 ns
Interrupt Pulse Period {See Figure 15) tiLi (Note 25) tove
0OS8C1 Pulse Width ton, toL 200 ns
CDP68HCLDSC16B Vpp = 2.4V to 3.6V, Vgg = 0V, Ta = 0°C to 70°C (Vpg = 2.4)
Frequency Of Operation

Crystal Option fosc - 1.0 MHz

External Clock Option fosc DG 1.0 MHz
Internal Operating Frequency

Crystal (fogsc + 2) fop - 05 MHz

External Clock (fogc + 2) fop DC 05 MHz
Cycle Time (See Figure 11) tcve 2000 ns
Crystal Oscillator Start Up Time for AT-cut Crystal (See Figure 11) toxov - 100 ms
Stop Recovery Start Up Time (AT-cut Crystal Oscillator) (See Figure 2) tiLcH - 100 ms
RESET Pulse Width {See Figure 11} tRL 1.5 tove

14




CDP68HC05C16B, CDP68HCL05C16B, CDP68HSC05C168B

Control Timing HCL Product Type (Continued)

PARAMETER SYMBOL MIN MAX UNITS
Timer
Resolution (Note 26) tres 4.0 tovo
Input Capture Pulse Width (See Figure 3) trys trL 500 ns
Input Capture Pulse Period (See Figure 3) triTL {Note 27) tovo
Interrupt Pulse Width Low {Edge-Triggered) (See Figure 15) LTH]E, 500 ns
Interrupt Pulse Period {See Figure 15) LTHIN (Note 25) tovo
0OS8C1 Pulse Width top toL 400 ns

Serial Peripheral Interface {(SPI) Timing

NOTES:
25. The minimum period t) | should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tcyc.
26. Since a 2-bit prescalerin the timer must count four internal cycles (tyc, this is the limiting minimum factor in determining the timer resolution.
27. The minimum period 1 should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24

teve.

(See Figure 4) HCL Product Type

LEAD PARAMETER SYMBOL MIN MAX UNITS
CDPBBHCLO5C16B Vpp = 5V +10%, Vgg = 0V, Ty = 09C to 70°C Unless Otherwise Specified
Operating Frequency
Master fopgwy DC 0.5 fop
{Note 30)

Slave fOP(S) DC 2.1 MHz
1 Cycle Time

Master toycon 20 tcve

Slave tCYC(S) 480 ns
2 Enable Lead Time

Master tLEAD(M) (Note 28)

Slave tLEAD(S) 240 ns
3 Enable Lag Time

Master tLaamw (Note 28)

Slave tLAG(S) 720 ns
4 Clock (SCK) High Time

Master twisckHM 340 ns

Slave tW(SCKH)S 190 ns
5 Clock (SCK) Low Time

Master twi(scKLM 340 ns

Slave tW(SCKL)S 190 ns
8 Data Setup Time (Inputs)

Master tsuovy 100 ns

Slave tsu(s) 100 ns
7 Data Hold Time {Inputs)

Master thena 100 ns

Slave thes) 100 ns
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Serial Peripheral Interface {(SPI) Timing

(See Figure 4) HCL Product Type (Continued)

LEAD PARAMETER SYMBOL MIN MAX UNITS
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 tpis 240 ns
10 Data Valid Time
Master (Before Capture Edge) by 0.25 toyom)
Slave (After Enable Edge) (Note 29) tvig) 240 ns
11 Data Hold Time {Outputs)
Master (After Capture Edge) tHow 0.25 toyom)
Slave (After Enable Edge) tHors) 0 ns
12 Rise Time {Vpp = 20% to 70%, C|_ = 200pF)
SPI Outputs (SCK, MOSI, MISO) trny 100 ns
SPI Inputs {SCK, MOSI, MISO, S5) t(s) 20 us
13 Fall Time (Vpp = 20% to 70%, C|_ = 200pF)
SPI Outputs (SCK, MOSI, MISO) b 100 ns
SPI Inputs {SCK, MOSI, MISO, SS5) tiis) 20 us
CDP68HCLO5C16B Vpp = 2.5V - 2.6Vpe, Vgg = 0V, Ta = 0°C to 70°C Unless Otherwise Specified
Operating Frequency
Master fOP(M) DC 05 fop
(Note 30)
Slave fop(s) DC 2.1 MHz
1 Cycle Time
Master toyem 2.0 teye
Slave tCYC(S) 480 ns
2 Enable Lead Time
Master tLEAD(M) (Note 28)
Slave tLEAD(S) 240 ns
3 Enable Lag Time
Master tLAG(M) (Note 28)
Slave tLac(s) 720 ns
4 Clock (SCK) High Time
Master tW(SCKH)M 340 ns
Slave twisCKH)S 190 ns
5 Clock (SCK) Low Time
Master twscKLM 340 ns
Slave bwiscKLis 190 ns
6 Data Setup Time (Inputs)
Master tsuvy 100 ns
Slave tsu(s) 100 ns
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Serial Peripheral Interface (SPI) Timing (See Figure 4) HCL Product Type (Continued)

LEAD PARAMETER SYMBOL MIN MAX UNITS
7 Data Hold Time {Inputs)
Master tHev) 100 - ns
Slave this) 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 tpis - 240 ns
10 Data Valid Time
Master (Before Capture Edge) by 0.25 - toyom)
Slave (After Enable Edge) (Note 29) tvs) - 240 ns
11 Data Hold Time (Outputs)
Master (After Capture Edge) tHomy 0.25 - tovom)
Slave (After Enable Edge) thHors) 0 - ns
12 Rise Time (Vpp = 20% to 70%, C|_ = 200pF)
SPI Outputs (SCK, MOSI, MISO) trony - 100 ns
SPI Inputs {SCK, MOSI, MISO, SS5) ts) - 20 us
13 Fall Time (Vpp = 20% to 70%, C|_ = 200pF)
SPI Outputs (SCK, MOSI, MISO) b - 100 ns
SPI Inputs {SCK, MOSI, MISO, S5) tiis) - 20 us
NOTES:

28. Signal Production depends on scftware.
29. Assumes 200pF load on all SPI pins.

30. Note that the units this specification uses is fgp (internal operating frequency), not MHz! In the master mode the SPI bus is capable of
running at one-half of the devices’s internal operating frequency, therefore 5V: 1.05MHz maximum.

DC Electrical Specifications HSC Product Type

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

CDP68HSCO5C16B Vpp = 5V +10%, Vgg = OV, Ty = 0°C to 859C (Notes 31, 32)

Output Voltage VoL ILoap <10pA - - 01 \

VOH VDD -01 - - v

Output High Voltage

PAO-7, PBO-7, PC0-6, TCMP, PDO, PD7 VoH lLoaD = -0.8mA Vpp-0.8 - - \
PD1-5 VOH ILOAD =-1.6mA VDD -0.8 -
PC7 VoH lLoaD = -5.0mA Vpp-0.8 - - A

Output Low Voltage

PA0-7, PB0-7, PC0-8, PDO-5, PD7, TCMP VoL ILoap = 1.6mA - - 0.4
PC7 VOL ILOAD =10.0mA - - 04 A
Input High Voltage, PAO-7, PB0-7, PCO-7, PDO- ViH 0.7 xVpp N Voo V'

5, PD7, TCAP, TRQ, RESET, OSC1

Input Low Voltage, PAQ-7, PBO-7, PCO-7, PDO-5, ViL Vgs . 0.2xVpp \
PD7, TCAP, IRQ, RESET, OSC1
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DC Electrical Specifications HSC Product Type (Continued)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Data Retention Mode VAEm Tp=0°Cto70°C 15 - v
Supply Current {(fosg = 8.0MHz)
Run (Note 34) Ibp 7 11 mA
WAIT (Notes 33, 34, 35, 37) IbD 2 6.5 mA
STOP {Notes 35, 36) Iop Tp =25°C 1 20 pA
Tp = 0°C to 70°C - 40 pA
Tp = -40°C to 85°C - 50 pA
STOP with Wake Up Timer Enabled Iop Ta =25°C 10.0 pA
Wake Up Timer Oscillator Frequency fRco Ta =25°C 13 kHz
I/O Ports Hi-Z Leakage Current - RESET, PAQ-7, I -10 - +10
PBO-7 (without pullups), PC0-7, PDO-5, PD7
Pullup Current PBO-7 {with pullups) N 80 140 300
Input Current - IRQ, TCAP, OSCH I -1 - +1 pA
Capacitance Ports (As Input or Output) Cour - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7
CiN - 8 pF
CDP68HSCO5C16B Vpp = 2.4V - 3.6V, Vgg = 0V, Tp = 0°C to 85°C, Unless Otherwise Specified
Output Voltage VoL ILoap <10pA - 0.1 V'
VoH Vpp - 0.1 - A
Qutput High Voltage
PAQ-7, PBO-7, PC0-6, TCMP, PDO, PD7 VoH lLoaD = -0.2mA Vpp-0.3 - A
PD1-5 VoH ILoap = -0.4mA Vpp - 0.3 - A
PC7 Vou ILoaD = -1.5mA Vpp-03 - A
Output Low Voltage
PAQ-7, PBO-7, PCO-6, PDO-5, PD7, TCMP VoL ILoaD = 0.4mA - 0.3 V'
PC7 VoL ILoaD = 6.0mA - 0.3 A
Input High Voltage, PAQ-7, PBO-7, PCO-7, PDO- Vi 0.7 xVpp Ypp
5, PD7, TCAP, IRQ, RESET, OSC1
Input Low Voltage, PAQ-7, PBO-7, PCO-7, PDO-5, ViL Vgs 0.2xVYpp A
PD7, TCAP, IRQ, RESET, OSCA
Data Retention Mode Vam Tp=09Cto70°C 15 - v
Supply Current {(fgsg = 4.0MHz)
Run (Note 34) IbD 25 4 mA
WAIT (Notes 33, 34, 35, 37) IbD 1 2 mA
STOP {Notes 35, 36) Iop Tp =25°C 1 8 pA
Tp =0°Cto70°C - 16 pA
Tp = -40°C to 85°C - 20 pA
STOP with Wake Up Timer Enabled oD Ta =25°C 10.0 pA
Wake Up Timer Oscillator Frequency frco Ta = 25°C 13 kHz
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DC Electrical Specifications HSC Product Type (Continued)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

1/0 Ports Hi-Z Leakage Current - RESET, PAO-7, e -10 - +10 pA
PBO-7 (without Pullups), PC0-7, PD0-5, PD7
Pullup Current PBO-7 {with Pullups) I 25 85 140 pA
Input Current - IRQ, TCAP, OSC1 I - +1 pA
Capacitance Ports (As Input or Output) Cour - 12 pF
RESET, IRQ, TCAP, OSC1, PD0-5, PD7

C|N - 8 pF

NCTES:
31. All values shown reflect average measurement.

32. Typical values at midpoint of voltage range, 25°C only.

33. Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

34. Run (Operating) Ipp. Wait |pp: Measured using external square-wave clock source, all inputs 0.2V from rail, no DC loads, less than S0pF

on all outputs, G| = 20pF on OSC2.

35. Wait, Stop Ipp: All ports configured as inputs, V|_= 0.2V, V| = Vpp - 0.2V.

36. Stop Ipp measured with OSC1 = Vgg.
37. Wait Ipp is affected linearly by the OSC2 capacitance.

Contrel Timing HSC Product Type

PARAMETER SYMBOL MIN MAX UNITS

CDPE8HSCO5C16B Vpp = 5V +10%, Vgg = OV, Ta = 0°C to 85°C, Unless Otherwise Specified
Frequency Of Cperation

Crystal Option fosc 8.2 MHz

External Clock Option fosc DC 8.2 MHz
Internal Operating Frequency

Crystal {fosc + 2) fop 4.1 MHz

External Clock (fosc + 2) fop DC 4.1 MHz
Cycle Time (See Figure 11) tcve 250 ns
Crystal Oscillator Start Up Time for AT-cut Crystal (See Figure 11) toxov 100 ms
Stop Recovery Start Up Time (AT-cut Crystal Oscillator) (See Figure 2) tiLcH 100 ms
RESET Pulse Width (See Figure 11) tRL 1.5 tove
Timer

Resolution {Note 39) tres 4 teve

Input Capture Pulse Width (See Figure 3) try. tro 64 ns

Input Capture Pulse Period (See Figure 3) triTe (Note 40) teve
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 15) T 84 ns
Interrupt Pulse Peried (See Figure 15) tiLiL (Note 38) tove
OSC1 Pulse Width ton. toL 50 ns
CDPE8HSCO5C16B Vpp = 2.4V - 3.6V, Vgg = 0V, Ta = 0°C to 85°C, Unless Otherwise Specified
Frequency Of Cperation

Crystal Option fose 4.2 MHz

External Clock Option fosc DC 4.2 MHz
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Control Timing HSC Product Type (Continued)

PARAMETER SYMBOL MIN MAX UNITS

Internal Operating Frequency

Crystal (fogc + 2) fop 21 MHz

External Clock (fosc + 2) fop DC 2.1 MHz
Cycle Time (See Figure 11) teve 1000 ns
Crystal Oscillator Start Up Time for AT-cut Crystal (See Figure 11) toxov 100 ms
Stop Recovery Start Up Time (AT-cut Crystal Oscillator) (See Figure 2) tiLeH 100 ms
RESET Pulse Width (See Figure 11) trL 15 teve
Timer

Resoclution {Note 39) tres 4 teve

Input Capture Pulse Width (See Figure 3) trH. ttL 125 ns

Input Capture Pulse Period (See Figure 3) troTL {Note 40) tove
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 15) tiLH 125 ns
Interrupt Pulse Pericd (See Figure 15) tiLiL (Note 38) tove
OSC1 Pulse Width ton, toL 90 ns

NOTES:

38. The minimum pericd t | should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 toye.
39. Since a 2-bit prescaler in the imer must count fourinternal cycles (toye), this is the limiting minimum factor in determining the timer resolution.
40. The minimum period tr 7 should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24

tove.

Serial Peripheral Interface (SPI) Timing

(See Figure 4y HSC Product Type

LEAD | PARAMETER [ symeoL |  miN MAX UNITS
CDP68HSCO5C16B Vpp = 5V +10%, Vgg = 0V, T = 0°C to 85°C Unless Otherwise Specified
Operating Frequency
Master fopgwy DC 05 fop (Note 43)
Slave for(s) DC 41 MHz
1 Cycle Time
Master toyem 2.0 tove
Slave toves) 244 ns
2 Enable Lead Time
Master tLEADMM) (Note 41)
Slave tLEAD(S) 122 ns
3 Enable Lag Time
Master tLaGov) (Note 41)
Slave tLac(s) 368 ns
4 Clock (SCK) High Time
Master twisckHM 166 ns
Slave twisckH)s 93 ns
5 Clock {SCK) Low Time
Master twscKLM 166 ns
Slave bw(SCKLIS 93 ns
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Serial Peripheral Interface {(SPI) Timing

(See Figure 4) HSC Product Type (Continued)

LEAD PARAMETER SYMBOL MIN MAX UNITS

6 Data Setup Time (Inputs)

Master tsuovy 49 ns

Slave tsus) 49 ns
7 Data Hold Time (Inputs)

Master ton 49 ns

Slave this) 49 ns
8 Access Time (Time to Data Active from High Impedance State)

Slave ta 0 81 ns
9 Disable Time {Hold Time to High Impedance State)

Slave tpis 122 ns
10 Data Valid Time

Master (Before Capture Edge) g 0.25 tovoo

Slave (After Enable Edge) (Note 42) tvs) 122 ns
11 Data Hold Time (Cutputs)

Master (After Capture Edge) thom 0.25 tovow

Slave (After Enable Edge) thogs) 0 ns
12 Rise Time (Vpp = 20% to 70%, C| = 200pF)

SPI Qutputs (SCK, MOS3I, MISO) try 50 ns

SPI Inputs (SCK, MOSI, MISO, SS) tr(s) 1.0 us
13 Fall Time (Vpp = 20% to 70%, C|_ = 200pF)

SPI Outputs (SCK, MOSI, MISO) by 50 ns

SPI Inputs {SCK, MOSI, MISO, §S) tiis) 1.0 us

CDP68HSCO5C16B Vpp = 2.4V to 3.6V, Vgg = 0V, Ty = 0°C to 85°C Unless Otherwise Specified
Operating Frequency

Master fOP(IVI) DC 05 fop {(Note 43)

Slave fops) DC 21 MHz
1 Cycle Time

Master toycon 2.0 toye

Slave toves) 480 ns
2 Enable Lead Time

Master tLEaDM) (Note 41)

Slave tLEAD(S) 240 ns
3 Enable Lag Time

Master tLAG(IVI) (Note 41)

Slave tLAG(S) 720 ns
4 Clock {SCK) High Time

Master twisCKHIM 340 ns

Slave hw(sckH)S 190 ns
5 Clock {SCK) Low Time

Master twiscKkLM 340 ns

Slave twisckL)s 190 ns
8 Data Setup Time (Inputs)

Master tsuvy 100 ns

Slave tsu(s) 100 ns
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Serial Peripheral Interface (SPI) Timing (See Figure 4) HSC Product Type (Continued)

LEAD PARAMETER SYMBOL MIN MAX UNITS
7 Data Held Time (Inputs)
Master thena 100 - ns
Slave ths) 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 tois - 240 ns
10 Data Valid Time
Master (Before Capture Edge) vy 0.25 - toyoom
Slave (After Enable Edge) (Note 42) tvg) - 240 ns
11 Data Hold Time (Cutputs)
Master (After Capture Edge) thowy 0.25 - tovoo
Slave (After Enable Edge) tHo(s) 0 - ns
12 Rise Time (Vpp = 20% to 70%, C| = 200pF)
SPI Outputs (SCK, MOSI, MISO) trony - 100 ns
SPI Inputs (SCK, MOSI, MISC, SS) tws) - 20 us
13 Fall Time (Vpp = 20% to 70%, C|_ = 200pF)
SPI Qutputs (SCK, MOS3I, MISO) tigwy - 100 ns
SPI Inputs (SCK, MOSI, MISO, SS) tiis) - 20 us
NOTES:

41. Signal Production depends on software.
42. Assumes 200pF load on all SPI pins.

43. Note that the units this specification uses is fop {internal operating frequency), not MHz! In the master mede the SPI bus is capable of
running at one-half of the devices’s internal operating frequency, therefore 5V: 2.0MHz and 2.4V to 3.6V: 500kHz maximum.

Waveforms

0sc1
(NOTE 44)

-~ gL —=

IRQ
(NOTE 45)

tieH 4064 ioye —

TRG
(NOTE 46)

INTERNAL
CLOCK

wooress 7777777777070 707000 i, G G

BUS
NOTES: RESET OR INTERRUPT
44. Represents the internal gating of the OSC1 pin. VECTOR FETCH

45. IRQ pin edge-sensitive mask option.
48. |IRQ pin level and edge-sensitive mask option.

FIGURE 2. STOP RECOVERY TIMING DIAGRAM
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Waveforms (continued)

—

try

[~—— {1-"_‘-(—
EXTERNAL
(TCAP PIN 37)

FIGURE 3. TIMER RELATIONSHIPS

- o

HELD HIGH ON MASTER

S8 (INPUT)

| (12) =| |=— —=| |=—(13)

SCK (CPOL = 1) S (5)
(CUTPUT) ~a

m

(13)—==| |=— —=| |=—(12)

SCK (CPOL = 0)
{OUTPUT) Z

-3 |
(4 (5)

R
2

{6) )

MOSI (OUTPUT) X D70 X D60 x DOO X

(10) 1)

FIGURE 4A. SPI MASTER TIMING CPHA =0

HELD HIGH ON MASTER

85 (INPUT)
(5) | (13)—| | == [=—(12)
SCK (CPOL = 0) ’\ [ \
{OUTPUT) /
"‘—"(4) m = 2
(12) —=| |=— - (13)
SCK (CPOL = 1) \ z \ z \
(OUTPUT)
® || @
2a
- e
{6) (7
y— e
MOSI (QUTPUT) X D70 X D60 X Doo X
(1o - a1 NOTE: MEASUREMENT POINTS ARE Vg, Vo, ViL AND Viy

FIGURE 4B. SPI MASTER TIMING CPHA =1
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Waveforms (continued)

S5 (INPUT) \

\ "
SCK (CPOL = 1) A ®
(INPUT)
(2)
————————————
SCK (CPOL = 0)
(INPUT) / \
7
MISO (QUTPUT) D7l )@
@ e 0
‘ N &
MOSI (INPUT) D70 X D60 X Coo X
i 22
{10 (11
- -
FIGURE 4C. SPI SLAVE TIMING CPHA =0
P
S5 (INPUT) 2 |
(12) = < (13)
*,L 3—‘
SCK (CPOL = 1) \ @)
{INPUT) = - i
(2) 4) (3)
e | | (1) (13) —o| | - (12)
SCK (CPOL = 0) \
{INPUT) LA;l 3 -
TRANSMITTED P
L%}
MISO (OUTPUT) D70 X D60 DOO >_
2% il
| (10) |= (1) = > @ b=
| nY
MOSI (INPUT) D7l >< D6l X Dol @
() Y -

FIGURE 4D. SPISLAVE TIMING CPHA =1
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The following sections provide a description of the functional
pins, Input/Cutput programming, software programmable
options, memory, CPU registers and self check mode for the
Harris CDPB8HC05C16B microcentroller. See pages 2 and
67 for ordering information.

Functional Pin Description
Vpp and Vgg

Power is supplied to the MCU using these two pins. Vpp is
power and Vgg is ground.

IRQ (Maskable Interrupt Request)

IRQ is an external maskable interrupt which can force the MCU
into an interrupt service routine. The IRQ pin on the C16B has
a software programmable option which provides two different
choices of interrupt triggering sensitivity. The options that can
be chosen are: 1.) Negative edge-sensitive triggering only, or
2.) Both negative edge-sensitive and level-sensitive triggering.
The IRQ cptions are chosen by either setting or clearing the
IRQ bit in the OPTION register (See Software Programmable
Options for details). In the latter case, either type of input to the
IRQ pin will produce the interrupt. The MCU completes the cur-
rent instruction before it responds to the interrupt request.
When the IRQ pin goes low for at least one tj |4, a logic one is
latched internally to signify an interrupt has been requested.
When the MCU completes its current instruction, the interrupt
latch is tested. If the interrupt latch contains a logic one, and the
interrupt mask bit (I bit) in the condition code register is clear,
the MCU then begins the interrupt sequence.

If the option is selected to include level-sensitive triggering,
then the TRQ input requires an external resistor to Vpp for
"wire-OR” operation. See INTERRUPTS for more detail con-
cerning interrupts.

RESET

The RESET input is not required for start up but can be used
to reset the MCU internal state and provide an orderly soft-
ware start up procedure. Refer to RESETS for a detailed
description.

TCAP

The TCAP input controls the input capture feature for the on-
chip programmable timer system. Refer to Input Capture
Register for additional information.

TCMP

The TCMP pin (35) provides an output for the output com-
pare feature of the on-chip timer system. Refer to Output
Compare Register for additional information.

0S8C1, 0SC2

The CDP88HCO5C16B family of MCUs can be configured to
accept either a crystal input or an RC network to control the
internal oscillator. The internal clocks are derived by a
divide-by-two of the internal oscillator frequency (fosc).

Crystal

The circuit shown in Figure 5B is recommended when using a
crystal. The internal oscillator is designed to interface with an
AT-cut parallel resonant quartz-crystal resonator in the fre-
quency range specified for foge in Control Timing. Use of an
external CMOS oscillator is recommended when crystals out-
side the specified ranges are to be used. The crystal and com-
ponents should be mounted as close as possible to the input
pins to minimize output distortion and start up stabilization time.
Refer to DC Electrical Specifications for Vpp specifications.

Ceramic Resonator

A ceramic resonator may be used in place of the crystal in
cost-sensitive applications. The circuit in Figure 5B is recom-
mended when using a ceramic resonator. Figure 5A lists the
recommended capacitance and feedback resistance values.
The manufacturer of the particular ceramic resonater being
considered should be consulted for specific information.

RC

If the RC oscillator option is selected, then a resistor is con-
nected to the oscillator pins as shown in Figure 5D.

External Clock

An external clock should be applied to the OSC1 input with
the OSC2 input not connected, as shown in Figure 5E. An
external clock may be used with either the RC or crystal
oscillator option. The toxoy of tjLcH specifications do not
apply when using an external clock input. The equivalent
specification of the external clock source should be used in

lieu of toxov or tiLcH:
PAD - PA7

These eight I/O lines comprise port A. The state of any pin is
software programmable and all port A lines are configured
as inputs during power-on or reset. Port A pins PA7 - PA4
are mask programmable to provide fixed tone/simple PWM
outputs. The port A data register (PORTA) is at location
$0000 and the port A data direction register (DDRA) is at
location $0004. Refer to Input/Output Programming para-
graph for a detailed description of I/O programming.

PBO - PB7

These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as inputs during power-on or reset. Each of the port B pins
has a mask programmable interrupt and pullup option. This
makes port B ideal for keyboard scanning. The port B data
register (PORTB]) is at location $0001 and the port B data
direction register (DDRB) is at location $0005. Refer to
Input/Ouiput Programming paragraph for a detailed
description of I/O programming.

PCO -PC7

These eight lines comprise port C. The state of any pin is soft-
ware programmable and all port C lines are configured as
inputs during power-on reset. PC7 has a high current sink and
source output stage. The port C data register (PORTC) is at
lccation $0002 and the port C data directicn register (DDRC)
is at location $0006. Refer to Input/Output Programming
paragraph for a detailed description of /O programming.
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CRYSTAL CERAMIC RESONATOR
2MHz 4MHz UNITS 2MHz - 4MHz UNITS
Ramax 400 75 Q Rg (Typical) 10 Q
Cy 0.008 0.012 pF Cy 43 pE
COSC1 15 - 40 15- 30 pF COSC1 30 PF
Cosce 15-30 15-25 pF Cosce 30 pF
Rp 10 10 MQ Rp 1-10 MG
Q 30 40 K Q 1250 -
FIGURE 5A. CRYSTAL/CERAMIC RESONATOR PARAMETERS
Mcu L ¢4 Rs
osc1 oscz 08C2 ——MMN—vo] |——WW\—— 0sC1
38 39
H ——i P —
39 P 38
AAA
VVy I
+—i0— Co
Cosct _=|=_ _=|=_Coscz 38 39

FIGURE 5B. CRYSTAL OSCILLATOR CONNECTIONS

McuU
0SC1 0S8C2

39| | 38

R

FIGURE 5D. RC OSCILLATOR CONNECTIONS

PDO - PD5, PD7

These seven lines comprise port D. The state of each port
pin is software programmable and all Port D pins are config-
ured as inputs during reset. Two of the CDP88HC05C16B's
subblocks make use of the pins on this pert. Four of the
lines, PD2/MISO, PD3/MOSI, PD4/SCK, and PD5/SS, are
used for the serial peripheral interface (SPI). Two of these
lines, PDO/RDI and PD1/TDO, are used for the serial com-
munications interface (SCl). Beth the SCI and the SPI sys-
tems are disabled during power-on or reset configuring all
pins as inputs. The port D data register (PORTD) is at loca-
tion $0003 and the Port D data direction register {DDRD) is
located at $0007. Refer to Input/Output Programming for a
detailed descripticn of /O programming.

Input/Output Programming

Bidirectional Parallel Ports A, B, Cand D

Each I/O pin of ports A, B, C and D can be programmed as
an input or an output under software control. Each pert has
an data register (FPORTn) and an associated data direction
register {DDRn). All registers are 8 bits wide except for the
port D data and data direction which are 7 bits wide. The
direction of the pins is determined by the state of the corre-
sponding bit in the DDRn.

FIGURE 5C. EQUIVALENT CRYSTAL CIRCUIT

McuU
08C1 08Cc2

39 lsa

UNCONNECTED
-t EXTERNAL CLOCK
FIGURE 5E. EXTERNAL CLOCK SOURCE CONNECTIONS

TABLE 1. 1/O PIN FUNCTIONS

(NOTE)
RW DDRn BIT IO PIN FUNCTION

0 0 The /O pin is in input mode. Data is
written into the output data latch.

0 1 Data is written into the output data latch
and output to the I/O pin.

1 0 The state of the 1/0 pin is read.

1 1 The I/O pin is in an output mode. The
output data latch is read.

NOTE: R/Wis an internal signal.

The data direction registers are capable of being written to
or read by the processor. Refer to Figure 6 and Table 1. Any
port A, port B, port C, or port D pin is configured as an out-
put if its corresponding DDRn bit is set to a logic one. When
configured as an output, the pin will be driven to Vpp if the
associated PORTn bitis a 1 and it will be driven to Vgg if the
associated PORTnh bit is a 0. During the programmed output
state, a read of the data register actually reads the value of
the output data latch and not the I/O pin (see Figure 8A). At
power-on or reset, all DDR bits are cleared, which config-
ures all port A, B, C, and D pins as inputs.
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Port A4 - A7 Tone/Simple PWM Output Option

In addition to being a standard bidirectional pert, four bits of
Port A (PA4 - PA7) have a mask option to connect an internal
“tone” signal to the output (see Figure 6D). When the option is
selected a fixed frequency will appear on the output pin when-
ever the appropriate PORTA and DDRA bits are set. A second
mask option disables the output NMOS device allowing wire-
ORing of the pins to produce various duty cycle outputs creat-
ing a simple PWM (see Figure 8D). Refer to Port A Tone and
Simple PWM Circuitry for a detailed explanation.

DATA
DIR REG
BIT

OUTPUT 1o
PIN

LATCHED o
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DATA BIT

INPUT REG BIT
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FIGURE 6A. TYPICAL PARALLEL PORT I/O CIRCUITRY
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FIGURE 6B. TYPICAL PARALLEL PORT I/O CIRCUITRY
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FIGURE 6C. TYPICAL PARALLEL PORT I/0 CIRCUITRY
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FIGURE 6D. PORT A7 - A4 TONE OUTPUT MASK OPTION

Port B Interrupts and Pullups

In addition to being a standard bidirectional port, each bit of
Port B has a mask option to connect a pullup device to the
IO pad and to simultaneocusly feed the input to the internal
interrupt logic. When the mask option is not selected, each
Port B pin behaves as a standard bidirectional port pin.

When the mask option is selected, a pullup PMOS device
with an impedance of approximately 20k is connected
between the pad and Vpp (see Pullup Current, I|, in the
DC Electrical Specifications tables for more details) and the
input signal is inverted and internally ORed with the IRQ
signal (refer to Figure 6E).

Vpp
"L MASK OPTION
Py DDRE BIT n

Vpp

PORT CIRCUITRY
FIGURE 6C

OTHER PORT B INPUTS

-

FIGURE 6E. PORT B INTERRUPT AND PULLUP MASK OPTION

IRQ

The interrupt behavior of any port B pin which has the pul-
lupfinterrupt mask option activated is identical to the resulis
one would achieve by externally ORing (active low) the
signal with the IRQ signal.

NCTE: The BIH and BIL instructions apply to the output of the logic

OR of the Port B TRQ, TRQ pin and Wake Up Timer IRQ signals and
can not be used to test the IRQ pin exclusively.

If the IRQ bit in the OPTION register is clear (the external
interrupt will sense only edges, see Software Programina-
ble Options, External Interrupts and Figure 15 for details)
when any one of the interrupt sources (port B inputs or IRQ)
goes low an interrupt will be generated. A second interrupt
will not be generated until all of the interrupt lines go high
and one or more again goes low.
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If the IRQ bit in the OPTION register is set (the external
interrupt will sense both level and edges, see Software Pro-
grammable Options, External Interrupts and Figure 15 for
details) when any one of the interrupt sources (port B inputs
or TRQ) goes low an interrupt will be generated. Interrupts will
continue to be generated until all of the interrupt lines go high.

The pullup device and the interrupt function are disabled when
the associated DDRB bit is set high. When its DDRB bit is a 1,
each port B pin acts as a normal output regardless of whether
or not the pullup/interrupt mask option has been selected. Thus
the DDRB bit can be used as an interrupt enable for the inter-
ruptible port B pins. Care should be taken when re-enabling a
port B interrupt to avoid false interrupts. False interrupts can be
avoided by first driving the PORTRB bit high before clearing the
DDRB bit. Further note, that all DDRB bits are cleared by reset,
thus enabling port B interrupts {no interrupt will be recognized
until execution of the first CLI instruction following reset).

Bidirectional /0 Port C

Port G is an 8-bit general purpose bidirectional input/output
ports located at $0002. The data direction register for port G
is located at $0006. The contents of the port C data register
are indeterminate at initial power up and must be initialized
by user software. Reset does not affect the data register
itself, but does however clear the data direction register
(DDRC), setting the port to input. Bit 7 of port C (PC7) is a
high current sink and source output. Refer to the DG Electrical
Specifications table for details.

Bidirectional I/0 Port D

Port D is a 7-bit bidirectional port located at $0003 with a
data direction register (DDRD) located at $0007. Four of it's
pins are with the SP| subsystem and two more are shared
with the SCI subsystem. Refer to Serial Communications
Interface and Serial Peripheral Interface for more detailed
information. When these systems are disabled the port D
lines serve as general purpose bidirectional port lines. Dur-
ing power-on reset or external reset both the SP| and SCI
modules are disabled and all of the bits in DDRD are
cleared, setting port D as an input port. When reading Port
D, bit 6 returns the state of the TCMP pin. This bit is read
only and can not be used to set the TCMP high or low. There
is no DDR assocciated with bit 6. Bits being used for the serial
ports should not be used as general /O as they do not return
valid data.

NOTE: It is recommended that all unused inputs, except OSC2, and
I/O ports (configured as outputs) be tied to an appropriate logic level
(e.g. either Vb or Vgg).

Software Programmable Options

The CDPB8HC05C16B has several software programmable
options that are controlled by the Option register (OR),
located at memory address $3FDF. The Option register con-
tains control bits for the following options:

+ Memory mapping of shared RAM/ROM areas from $20 to
$4F and from $100 to $17F

« Edge triggered only or edge and level-triggered external
interrupt (IRQ or any port B pin configured as an interrupt)

This register must be configured by the user software and all

bits except for the IRQ bit can be read or written any time the

CPU is operational.

7
RAMO

6
RAM1

5
o lio

3
B 0 o

2
E

1
IRQ

0
0

| $3FDF

Bit 0. This bit is used to control which memory
type (RAM/user ROM) is mapped between $20
and $4F. If RAMO=0, then the ROM is selected.
If RAMO=1 then the RAM is selected.

RAM1 is the Random Access Memory Control
Bit 1. This bit is used to control which memory
type (RAM/user ROM) is mapped between $100
and $17F If RAM1=0, then the ROM is selected.
If RAM1=1 then the RAM is selected.

Not implemented, always read as 0.

Bs, RAM1

Bs-B2, BO

B1,IRQ  The IRQ edge level bit is used to select what
type of signal will trigger an external interrupt. If
this bit is set (1) then the edge and level interrupt
option is selected. If this bit is clear (0), the edge
only option is selected. This bit is set by reset
but can be cleared by software. This bit can only

be written once.
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