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PCS{3:q 
OUTPUT 

SCK 
CPOL-O 
OUTPUT ----'I 

SCK----.i 
CPOl.l 
OUTPUT 

M1SO 
INPUT 

!IOSI 
OUTPUT 

Figure A-16. QSP. Timing Master, CPHA = 0 

pcs{3:Q 
OUTPUT 

SCK 
CPOl-o 
OUTPUT ___ �~� 

SCK----.i 
CPOl.l 
OUTPUT 

MOSI----,Lr----,t ,..---+---.. 1----.11.---'"""-' 
OUTPUT 

�-�-�~� 

Figure A-17. QSP. Timing Master, CPHA = 1 
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Num 

1 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 

Key to Figures A-16 and A-17 
(Abstracted from Table A-8) 

Function Symbol Min 

Master Cycle Time tqcyc 4 

Master Enable Lead Time tlead 2 

Master Enable Lag Time tlag -
Master Clock (SCK) High or Low Time tsw 2 tcyc-60 

Master Sequential Transfer Delay ttd 17 

Master Data Setup Time (Inputs) tsu 30 

Master Data Hold Time (Inputs) thi 0 

Master Data Valid (after SCK Edge) tv -
Master Data Hold Time (Outputs) tho 0 

Rise Time 
Input t'i -
Output t,o -

Fall Time 
Input tfi -
Output tlo -

NOTES: 

Max Unit 

510 tcyc 

128 tcyc 

1/2 SCI< 

255 tcyc ns 

8192 tcyc 

- ns 

- ns 

50 ns 

- ns 

2 I1s 
30 ns 

2 I1s 
30 ns 

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

MC68HC16Z1 

USER'S MANUAL 

APPENDIX A 

ELECTRICAL CHARACTERISTICS 

MOTOROLA 

A-41 



MOTOROLA 

A-42 

55 
INPUT 

SCK 
CPOL..o 

INPUT +---'1 

SCK+---i 
CPOL.l 

INPUT 

MISO 
OUTPUT 

MOSI 
INPUT 

Figure A-18. asp. Timing Slave, CPHA = 0 

Figure A-19. asp. Timing Slave, CPHA = 1 
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Num 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Key to Figures A-18 and A-19 

(Abstracted from Table A-8) 

Function Symbol Min 

Slave Cycle Time lqcyc 4 

Slave Enable Lead Time tlead 2 
Slave Enable Lag Time tlag 2 

Slave Clock (SCK) High or Low Time2 tsw 2tcyc- n 

Slave Sequential Transfer Delay 
(Does Not Require Deselect) 

ttd 13 

Slave Data Setup Time (Inputs) tsu 20 

Slave Data Hold Time (Inputs) thi 20 

Slave Access Time ta -
Slave MiSO Disable Time tdis -
Slave Data Valid (after SCK Edge) tv -
Slave Data Hold Time (Outputs) tho 0 

Rise Time 
Input t,j -
Output t,o -

Fall Time 
input tli -
Output tfo -

NOTES: 

Max Unit 

- tcyc 

- tcyc 

- tcyc 

- ns 

- tcyc 

- ns 

- ns 

1 tcyc 

2 tcyc 

50 ns 

- ns 

2 I1S 
30 ns 

2 I1S 
30 ns 

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

2. In formula, n = External SCK rise + External SCK fall time 
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APPENDIX B 
MECHANICAL DATA AND ORDERING INFORMATION 

The MC68HC16Z1 is available in a 132-pin plastic surface mount package and a 
144-pin plastic surface mount package. Both packages can be ordered in 
molded carrier rings. This appendix provides package pin assignment drawings, 
dimensional drawings, and ordering information. 
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~~~~~~~~O~~~~.~N~~~~~~~~~~~~N~~~~ 

TxO/POS7 18 
0- - - - - - - - - - - - - - - -116 

BRiCSO 
AOORl 19 115 FC2ICS5IPC2 
ADOR2 20 114 FC1ICS4IPCl 

VOOE 21 113 Vooe 
Vsse 22 112 VSSE 

ADOR3 23 111 FCOICS3IPCO 
AOOR4 24 110 CSBOOT 
ADDR5 25 109 DATAO 
ADDR6 26 108 DATAl 
ADDR7 27 107 DATA2 
ADDR8 28 106 DATA3 

VSS1 29 105 VSS1 
AODR9 30 104 DATA4 

AODR10 31 103 DATA5 
ADDR11 32 102 DATA6 
ADDR12 33 101 DATA7 
AODR13 34 100 OATAS 
ADDR14 35 99 DATA9 
ADDR15 36 98 Vooe 
ADDR16 37 97 Vsse 
ADDR17 38 96 DATAl 0 
ADDR18 39 95 DATAll 

Vooe 40 94 DATA12 
VSSE 41 93 DATA13 
VOOA 42 92 DATA14 
VSSA 43 91 DATA15 

ANOIPADAO 44 90 ADDRO 
AN1IPADAl 45 89 DSACKOIPEO 
AN2IPADA2 46 88 DSACK1IPEl 
AN3/PADA3 47 87 AVECIPE2 
AN4/PADA4 48 86 iiSJPE4 
AN5/PADA5 49 85 ASIPE5 

VRH 50 84 Vooe 

Figure 8-1. 132-Pin Plastic Surface Mount Package Pin Assignments 
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N 

1+10.25 (0.010) ® IT I x® - V® I z ® f- S 

+10.20 (0.008) ® IT I x® - V® z®1 I ~ I 0.05 (0.002) I 

R 

I 

[jIJ0.l0 (0.004) I 
-T- SEATING 

PLANE 

B 

I 

A 

G, -~ 
IN 1 

DENT V r 
~ ~ 

• 
-y-

L + V 

I 

-x-

I 

t 
I 

p p 

+ f-f ~- L-

..... ') 
I 

1+10.20 (0.008) ® ITI X® - V® I z ® I-
1+10.25 (0.010) ® IT I X® - V® I z ® I 
W 0.05 (0.002) 

L 
C Irm[[ ____ ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;rmUD~ 

f -Jl- D 132PL ~ 
1+10.20 (0.008) ® IT I X® - V® I z ® I 

SECTION pop 

CASE 831A·01 

Figure 8-2. 132-Pin Package Dimensions 

APPENDIXB 

SCALE 1:1 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROWNG DIMENSION: INCH. 
3. DIMENSIONS A, B, N, AND R DO NOT INCLUDE 

MOLD PROTRUSION. ALLOWABLE MOLD 
PROTRUSION FOR DIMENSIONS A AND B IS 0.25 
(0.010), FOR DIMENSIONS NAND R 150.18 (0.007). 

4. DATUM PLANE WIS LOCATED AT THE 
UNDERSIDE OF LEADS WHERE LEADS EXIT 
PACKAGE BODY. 

5. DATUMS X-Y AND Z TO BE DETERMINED WHERE 
CENTER LEADS EXIT PACKAGE BODY AT DATUM 
·W·. 

6. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE, DATUM ·T·. 

7. DIMENSIONS A, B, N, AND R TO BE DETERMINED 
AT DATUM PLANE ·W·. 

IIILUMETERS INCHES 
DIM MIN MAX MIN IIAX 

A 24.06 24.20 

~ 
~ 

B 24.06 24.20 ~ C 4.07 4.57 ~ 0 0.21 0.30 ~ G O.64Bse BSC 
H 0.51 1.01 0.020 0.040 
J 0.16 0.20 0.006 0.006 
K 0.51 0.76 0.020 0.030 
L 20.32 REF 0.800 REF 
II 0' 8' 0' 8' 
N 27.88 28.01 1.097 1.103 
R 27.88 28.01 1.097 1.103 
5 27.31 27.55 1.075 1.085 
V 27.31 27.55 1.075 1.085 
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M 2PL 
VIEW A 

LL 
t:C ~=g~~~fu~· ~gi iJ-rn 
f ~jl- CZ VlEWB 'tH-A-

NOTE 8.0 SIDE VIEW 

G 252PL 

AA 

D 256PL 

It I <p0.07 (0.003) CO IAI BCO I c CO I 
VIEWB 

CASE 878-01 

Figure B-3. 132-Pin Molded Carrier Ring Assembly (Part 1) 
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AJ 

["2 rAJ 
f f 

IHI Ilil 
UNIT SIDE VIEW 

~
REF AC rA1RElf1AAREF 

~ f~ 
EREF AC AB 

SECTIONC-C 

NOTES: 
1. ALL DIMENSIONS AND TOLERANCES CONFORM 

TO ANSI Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
3. A, AD, AE, AF AND AH DIMENSIONS DO NOT 

INCLUDE MOLD PROTRUSION. ALLOWABLE 
MOLD PROTRUSION IS 0.20 (0.008) PER SIDE. 
FOR AE DIMENSION IS 0.18 (0.007). 

4. A, Sl AND AH DIMENSIONS INCLUDE MOLD 
MISMATCH, AND ARE MEASURED AT THE 
PARTINGUNE. 

5. UNLESS OTHERWISE SPECIFIED DIMENSIONS 
ARE SYMMETRICAL ABOUT CENTERUNES. 

6. BAND C DATUM HOLES ARE TO BE USED FOR 
TRIM, FORM AND EXCISE OF THE MOLDED 
PACKAGE ONLY. HOLES 01 AND 02 ARE TO BE 
USED FOR ELECTRICAL TESTING ONLY. 

7. NON·DATUM HOLES ONLY. 
8. APPUES TO RING AND PACKAGE FEATURES. 

DIM 
A 
Al 
A2 
C 
0 
01 
D2 
E 
F 
G 
Gl 
H 
J 
L 
Ll 
M 

M2 
N 
P 

MILUMETERS 
MIN MAX 

45.87 46.13 
45.70BSC 

41.37 41.63 
4.70 4.90 
0.40 O.SO 
0.21 0.30 
0.31 0.40 
1.90 2.10 
0.19 0.27 
0.65 BSC 
0.635 BSC 

1.70 1.90 
0.16 0.20 
32.2OBSC 
35.20 asc 

1.30 2.30 
60 80 

0.145 0.16 
1.77 2.03 

02132PL 

1+10.20(0.008) ® IAI 8 ® I c® I 
G1 62PL 

-.JL0168PL 

1+10.20(O.008)®IAI 8®1 c®1 
VIEW 0 

SEcnONE-E 

INCHES MIWMETERS INCHES 
MIN MAX DIM MIN MAX MIN MAX 
1.806 1.816 R 0.40 0.60 0.016 0.02' 

1.799BSC Rl 3.SO 4.SO 0.136 0.177 
1.829 1.639 R2 2.00 3.00 0.079 0.118 
0.185 0.193 5 37.87 38.13 1.491 1.S01 
0.016 0.020 V 21.21 21.31 0.635 0.939 
0.008 0.012 W 1.45 1.55 0.057 0.061 
0.012 0.016 AA 0.45 0.85 0.018 0.033 
0.075 0.083 A8 0.30 0.60 0.012 0.024 
0.007 0.011 AC 1.37 1.63 0.054 0.064 

O.026BSC AD 27.86 28.01 1.098 1.103 
0.025 BSC AE 25.79 25.93 1.015 1.021 

0.067 0.075 AF 23.91 24.05 0.941 0.947 
0.006 0.008 AG 21.52 21.86 0.847 0.853 

1.268BSC AH 24.06 24.20 0.947 0.953 
1.386BSC AJ 3.46 3.86 0.136 0.144 

0.051 0.091 AL 14.00 14.10 0.551 0.555 
60 80 

0.0057 0.0063 
0.070 0.080 

Figure B-3. 132-Pin Molded Carrier Ring Assembly (Part 2) 
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NC 0 VSSE 
iiGiCSi SIZO/PE6 

BGACKlCS2 SIZ1/PE7 
ADOR19ICS6IPC3 ANi 
AODR2C1'Cs71PC4 MOOCLKlPFO 
ADOR21ICSBiPC5 IR01/PF1 
AOOR22lCS9IPC6 ii'fci2jPF2 

AODR23ICS10 IR03JPF3 

VOOE IR04/PF4 

VSSE iRiiSiPF5 
PCLK 11 IR06IPF6 

PWMB 12 IR07/PF7 

PWMA 13 BERR 
PAl 14 HALT 

IC4iOC5'OC1IPGP7 15 RESET 
OC4lOC1IPGPS 16 IPIPElIOS1 
OC3/OC1IPGP5 17 IPIPEOIDSO 

NC iiKPflOSCLK 

VOOI NC 
VSSI TSTMErrSC 

OC2IPGP4 FREEZE/OUOT 
OC1IPGP3 CLKOUT 
IC3IPGP2 VSSE 
IC2IPGP1 VDDE 
IC1IPGPO XFC 

VDDE NC 

VSSE Vom 
MISOIPOSO VSSI 

MOSllPOS1 EXTAL 
SCKlPOS2 VOOSYN 

PCsoiSSlPOS3 XTAL 
PCS1/POS4 VSTBY 
PCS2JPOS5 AN7/PADA7 
PCS3IPOS6 AN6'PAOA6 

RxD VII.P 
NC NC 

Figure 8-4. 144-Pin Plastic Surface Mount Package Pin Assignments 

MOTOROLA 
8-6 

APPENDIX B 
MECHANICAL DATA AND ORDERING INFORMATION 

MC68HC16Z1 

USER'S MANUAL 



T 

P 

==:hl 
-

1 
K 

G 

DETAIL A DETAILB 

L ~I 
109 

@) @) 
0 0 

@) @) 

'" '" I 
I < < 

'-' '-' v ®o ® 
coC\i" co 

0 
00 0 
'=!o e. Be. 0 
0", '" "10 0 
00 

73 • ---1 • 
72 

1------5 

It I 0.20 (0.008) ® IHI A-B® I D ® I 

C-§H ~~DET"L 
OOIlIlIllIllIIllIIllIllIllIlIlIllIlUCh. I B 

'-./ G;8SEATING 
H - ~ 

CASE 863C·01 

It I 0.20 (0.008) ® IHI A-B® I D ® I 
SECTION B-B 

ROTATED 900 CCW 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M.1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
3. DATUM PLANE ·H·IS LOCATED AT BOTTOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD 
WHERE THE lEAD EXISTS THE PlASTIC BODY 
AT THE BOTTOM OF THE PARTING UNE. 

4. DATUMS ·A·. ·B· AND ·D· TO BE DETERMINED AT 
DATUM PLANE ·H·. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PlANE ·C·. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE PROTRUSION IS 
0.2510.010) PER SIDE. DIMENSIONS A AND B DO 
INCWDE MOLD MISMATCH AND ARE 
DETERMINED AT DATUM PLANE ·H·. 

7. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.0810.003) TOTAL IN 
EXCESS OF THE D DIMENSION AT MAXIMUM 
MATERIAL CONDmON • 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 19.90 20.10 0.784 0.791 
B 19.90 20.10 0.784 0.791 
C 2.80 3.00 0.111 0.118 
D 0.18 0.28 0.007 0.011 
E 2.50 2.70 0.099 0.106 
F 0.18 0.24 0.007 0.009 
G 0.50 BASIC 0.0197 BASIC 
H 0.25 0.35 0.10 0.013 
J 0.11 0.18 0.005 0.007 
K 0.65 0.95 0.026 0.037 
L 17.50 REF O.6B9BASIC 
M 5" 9" 5" 9" 
N 0.11 0.14 0.005 0.005 
P 0.25 BASIC 0.0098 BASIC 
Q 0" 7" 0" 7" 
R 0.13 0.30 0.005 0.012 
5 23.00 23.40 0.906 0.921 
T 0.13 0.006 
U 0" 0" 
V 23.00 23.40 0.906 0.921 
W 0.40 0.016 
X 1.60 REF 0.083 REF 

Figure 8-5. 144-Pin Package Dimensions 
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SCALE 1:1 

,n 

f F.jl M2 
\.0-- NOTE 8 

~ V1EWB H 

SIDE VIEW 

CASE 922-01 

NOTES: 
1. ALL DIMENSIONS AND TOLERANCES CONFORM 

TO ANSI Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MILUMETER. 
3. A, DIMENSION DOES NOT INCLUDE MOLD 

PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.20 (0.008) PER SIDE 

4. A AND S DIMENSIONS INCLUDE MOLD 
MISMATCH, AND ARE MEASURED AT THE 
PARTINGUNE. 

5. UNLESS OTHEWISE SPECIFIED DIMENSIONS 
ARE SYMMETRICAL ABOUT CENTERUNES. 

6. BAND C DATUM HOLES ARE TO BE USED FOR 
TRIM, FORM AND EXCISE OF THE MOLDED 
PACKAGE ONLY. HOLES 01 AND 02 ARE TO BE 
USED FOR ELECTRICAL TESTING ONLY. 

7. NON-DATUM HOLES ONLY. 
8. APPUES TO RING AND PACKAGE FEATURES. 
9. DIMENSION 01 DOES NOT INCLUDE DAMBAR 

PROTRUSION. ALLOWABLE DAM BAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 35.870 36.130 1.412 1.422 
Al 35.700BSC 1.408BSC 
A2 35.180 35.430 1.365 1.395 
B 11.oooBSC 0.433 BSC 
C 4.700 4.900 0.185 0.193 
D 0.410 0.500 0.016 0.020 
Dl 0.150 0.304 0.006 0.012 
D2 0.400 MAX 0.016 MAX 
E 1.910 2.109 0.075 0.083 
F 0.150 0.260 0.006 0.010 
G 0.650BSC O.026BSC 
Gl 0.500 BSC 0.02OBSC 
H 1.700 1.90 0.087, 0.075 
J 0.130 0.23 0.006 0.009 
L 22.oooBSC 0.866 BSC 
Ll 25.200BSC 0.992BSC 
M 1.600 2.000 0.083 0.078 
M2 8° MAX 8° MAX 
N 0.130 0.170 0.005 0.007 
P . 1.770 2.030 0.070 0.080 
R 0.400 0.600 0.016 0.024 
Rl 3.500 4.500 0.138 0.177 
R2 2.000 3.000 0.079 0.118 
S 27.870 28.130 1.097 1.107 
T 11.000 BSC 0.433 BSC 
V 14.550 14.750 0.573 0.580 
Vl 14.550 14.750 0.573 0.580 
W 1.450 1.550 0.057 0.081 
AA 0.450 0.850 0.018 0.033 
AB 0.300 0.600 0.012 0.024 
AC 1.370 1.630 0.054 0.084 
AD 1.370 1.630 0.054 0.084 
AH 19.900 20.100 0.7835 0.7913 
AHl 19.900 20.100 0.7835 0.7913 
AJ 2.530 2.670 0.0996 0.1051 

Figure 8-6. 144-Pin Molded Carrier Ring Assembly (Part 1) 
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BOTTOM VIEW OF UNIT 
IN MOLDED CARRIER RING 

AJ/21 rAJ 

If 

UNIT VIEW 

UNIT SIDE VIEW 

R 
'v---~-F- Rl AA 

140PL 

R2 

VIEW A 

o l~PL 
1+6.070 (o.ooay;D IAI B <D 1 C <D I 

VIEWB 

~
REF AC 

i ~F ,If 
AD 

E/2 

SECTIONC-C 

VlEWD 

l rD2144PL 

G1140PL Itb.20(0.008@IAI B@I c@1 

61 i ~, ! Ii D:REFll 
'I :r--UJ ' , I 

D1 144PL-J I-- J N 
Itb.20(O.OO8@IAI B@I c@1 L 

VIEW 0 SECTION E-E 

Figure 8-6. 144-Pin Molded Carrier Ring Assembly (Part 2) 
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Device 
Package 

132-PIN 
PLASTIC 

SURFACE 
MOUNT 

132-PIN 
MOLDED 
CARRIER 

RING 

144-PIN 
PLASTIC 

SURFACE 
MOUNT 

144-PIN 
MOLDED 
CARRIER 

RING 

MOTOROLA 
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Table B-1. MC68HC16Z1 Ordering Information 

Temperature Reference Shipping Order 
Range (OC) Frequency Method Number 

-401085 16.78 MHz 36 PER TRAY XC16Z1CFC16 
2 PER TRAY SPAKXC16Z1CFC16 

20 MHz 36 PER TRAY XC16Z1CFC20 
2 PER TRAY SPAKXC16Z1CFC20 

25 MHz 36 PER TRAY XC16Z1CFC25 
2 PER TRAY SPAKXC16Z1CFC25 

-40 to 105 16.78 MHz 36 PER TRAY XC16Z1VFC16 
2 PER TRAY SPAKXC16Z1VFC16 

20 MHz 36 PER TRAY XC16Z1VFC20 
2 PER TRAY SPAKXC16Z1VFC20 

25 MHz 36 PER TRAY XC16Z1VFC25 
2 PER TRAY SPAKXC16Z1VFC25 

-40 10125 16.78 MHz 36 PER TRAY XC16Z1 MFC16 
2 PER TRAY SPAKXC16Z1MFC16 

20 MHz 36 PER TRAY XC16Z1 MFC20 
2 PER TRAY SPAKXC16Z1 MFC20 

25 MHz 36 PER TRAY XC16Z1 MFC25 
2 PER TRAY SPAKXC16Z1 MFC25 

-401085 16.78 MHz 10 PER TUBE XC16Z1CFD16 
20 MHz 10 PER TUBE XC16Z1CFD20 
25 MHz 10 PER TUBE XC16Z1CFD25 

-40 10105 16.78 MHz 10 PER TUBE XC16Z1VFD16 
20 MHz 10 PER TUBE XC16Z1VFD20 
25 MHz 10 PER TUBE XC16Z1VFD25 

-4010125 16.78 MHz 10 PER TUBE XC16Z1 MFD16 
20 MHz 10 PER TUBE XC16Z1 MFD20 
25 MHz 10 PER TUBE XC16Z1 MFD25 

-401085 16.78 MHz 44 PER TRAY XC16Z1 CFV16 
2 PER TRAY SPAKXC16Z1CFV16 

20 MHz 44 PER TRAY XC 16Z1 CFV20 
2 PER TRAY SPAKXC 16Z1 CFV20 

25 MHz 44 PER TRAY XC16Z1CFV25 
2 PER TRAY SPAKXC16Z1CFV25 

-40 to 105 16.78 MHz 44 PER TRAY XC16Z1VFV16 
2 PER TRAY SPAKXC16Z1VFV16 

20 MHz 44 PER TRAY XC16Z1VFV20 
2 PER TRAY SPAKXC16Z1VFV20 

25 MHz 44 PER TRAY XC16Z1VFV25 
2 PER TRAY SPAKXC16Z1VFV25 

-40 10125 16.78 MHz 44 PER TRAY XC16Z1 MFV16 
2 PER TRAY SPAKXC16Z1 MFV16 

20 MHz 44 PER TRAY XC16Z1MFV20 
2 PER TRAY SPAKXC16Z1 MFV20 

25 MHz 44 PER TRAY XC16Z1 MFV25 
2 PER TRAY SPAKXC16Z1MFV25 

-401085 16.78 MHz 13 PER TUBE XC16Z1CFM16 
20 MHz 13 PER TUBE XC16Z1CFM20 
25 MHz 13 PER TUBE XC16Z1CFM25 

-40 to 105 16.78 MHz 13 PER TUBE XC16Z1VFM16 
20 MHz 13 PER TUBE XC16Z1VFM20 
25 MHz 13 PER TUBE XC16Z1VFM25 

-40 to 125 16.78 MHz 13 PER TUBE XC16Z1MFM16 
20 MHz 13 PER TUBE XC 16Z1 MFM20 
25 MHz 13 PER TUBE XC 16Z1 MFM25 

APPENDIX B 

MECHANICAL DATA AND ORDERING INFORMATION 

MC68HC16Z1 

USER'S MANUAL 



APPENDIX C 
DEVELOPMENT SUPPORT 

This section is a brief reference to Motorola development tools for the 
MC68HC16Z1 microcontroller. Information provided is complete at the time of 
publication, but new systems and software are continually being developed. In 
addition, there are a growing number of third-party tools available. The 
Motorola MCU Tool Box (MCUTLBX/D Rev. B) provides an up-to-date list of 
development tools. Contact your Motorola representative for further information. 

Table C-1. MC68HC16Z1 Development Tools 

Mlcrocontroller Evaluation EValuation Evaluation Programmer 
Part Number Board Modules· Systems·/Klts Boards 

MC68HC16Z1 M68HC16Z1EVB - - -
*EVS and EVM include an Integrated Development Environment (IDE) which contains an editor, assembler, hardware 
debugger and simulator. 

C.1 M68HC16EVB Evaluation Board 

The evaluation board is a low-cost tool for debugging and evaluating 
MC68HC16Z1-based target systems. Features of the M68HC16EVB include: 

Operation in either debugging or evaluation mode. 
• Operation from a personal computer platform without an on-board 

monitor using CPU16 background debugging mode. 
• An integrated assembly/editing/emulation environment. 

As many as seven software breakpoints. 
Memory map of target system. 

• On-board RS-232C port. 
• Logic analyzer pod connectors. 

Refer to the M68HC16EVB Evaluation Board User's Manual, 
(M68HC16Z1 EVB/D) for more information. 

MC68HC16Z1 

USER'S MANUAL 

APPENDIX C 

DEVELOPMENT SUPPORT 

MOTOROLA 

C-1 



II 

MOTOROLA 

C-2 
APPENDIX C 

DEVELOPMENT SUPPORT 
MC68HC16Z1 

USER'S MANUAL 



APPENDIX D 
REGISTER SUMMARY 

This appendix contains address maps, register diagrams, and bit/field 
definitions for the MC68HC16Z1. This appendix is intended to be a ready 
reference. In-depth information about register function is provided in the 
appropriate sections of the manual. 

Except for central processing unit resources, information is presented in the 
intermodule bus address order shown in Table D-1. 

Table 0-1. MC68HC16Z1 Module Address Map 

Module Size Address Bus Decoding Base 
(Bytes) 23 12 11 0 Address 

ADC 64 M111 1111 1111 0111 OOXX XXXX $YFF700 

GPT 64 M111 1111 1111 1001 OOXX XXXX $YFF900 

SIM 128 M111 1111 1111 1010 OXXX XXXX $YFFAOO 

SRAM 8 M111 1111 1111 1011 0000 OXXX $YFFBOO 

aSM 512 M111 1111 1111 110X XXXX XXXX $YFFCOO 

Control registers for all the modules in the microcontroller are mapped into a 4 
Kbyte block. The state of the module mapping (MM) bit in the SIM module 
configuration register (SIMCR) determines where the control registers block is 
located in the system memory map. When MM = 0, register addresses range 
from $7FFOOO to $7FFFFF; when MM = 1, register addresses range from 
$FFFOOO to $FFFFFF. 

In the MC68HC16Z1, ADDR[23:20] follow the logic state of ADDR19 unless 
externally driven. MM corresponds to 1MB ADDR23 - if it is cleared, the SIM 
maps 1MB modules into address space $7FFOOO-$7FFFFF, which is 
inaccessible to the CPU16. Modules remain inaccessible until reset occurs. 
The reset state of MM is one, but the bit is one-time writable - initialization 
software should make certain it remains set. 
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0.1 Central Processing Unit 

CPU 16 registers are not part of the module address map. The following 
diagram is a functional representation of CPU resources. 

0.1.1 CPU16 Register Model 

20 16 15 8 1 7 0 1 BIT POSITION 

A 

~ 
B ACCUMULATORS A AND B 

ACCUMULATOR D (A : B) 

E ACCUMULATOR E 

L XK 1 IX INDEX REGISTER X 

[: Y~ :] IY INDEX REGISTER Y 

!: ::::~: ::::1 IZ INDEX REGISTER Z 

SK SP STACK POINTER 

PK PC PROGRAM COUNTER 

CCR PK CONDITION CODE REGISTER! 

PC EXTENSION REGISTER 

EK XK YK ZK ADDRESS EXTENSION REGISTER 

SK STACK EXTENSION REGISTER 

I-R MAC MULTIPLIER REGISTER 

IR MAC MULTIPLICAND REGISTER 

AM MAC ACCUMULATOR MSB [35:16] 

AM MAC ACCUMULATOR LSB [15:0] 

XMSK YMSK MAC xv MASK REGISTER 
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0.1.2 CCR - Condition Code Register 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

IP PK 

The CCR contains processor status flags, the interrupt priority field, and the 
program counter address extension field. The CPU16 has a special set of 
instructions that manipulate the CCR. 

S - STOP Enable 
o = Stop clock when LPSTOP instruction is executed. 
1 = Perform NOP when LPSTOP instruction is executed. 

MV - Accumulator M overflow flag 
Set when overflow into AM35 has occurred. 

H - Half Carry Flag 
Set when a carry from A3 or B3 occurs during BCD addition. 

EV - Extension Bit Overflow Flag 
Set when an overflow into AM31 has occurred. 

N - Negative Flag 
Set when the MSB of a result register is set. 

Z-Zero Flag 
Set when all bits of a result register are zero. 

v - Overflow Flag 
Set when twos complement overflow occurs as the result of an operation. 

C - Carry Flag 
Set when carry or borrow occurs during arithmetic operation. Also used during 
shift and rotate to facilitate multiple word operations. 

IP[2:0] - Interrupt Priority Field 
The priority value in this field (O to 7) is used to mask interrupts. 

SM- Saturate Mode Bit 
When SM is set, if either EV or MV is set, data read from AM using TMER or TMET 
will be given maximum positive or negative value, depending on the state of the 
AM sign bit before overflow. 

PK[3:0] - Program Counter Address Extension Field 
This field is concatenated with the program counter to form a 20-bit address. 
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0.2 Analog-to-Digital Converter Module 
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Address 

$YFF700 

$YFF702 

$YFF704 

$YFF706 

$YFF708 

$YFF70A 

$YFF70C 

$YFF70E 

$YFF710 

$YFF712 

$YFF714 

$YFF716 

$YFF718 

$YFF71A 

$YFF71C 

$YFF71E 

$YFF720 

$YFF722 

$YFF724 

$YFF726 

$YFF728 

$YFF72A 

$YFF72C 

$YFF72E 

$YFF730 

$YFF732 

$YFF734 

$YFF736 

$YFF738 

$YFF73A 

$YFF73C 

$YFF73E 

Table 0-2. ADC Module Address Map 

15 81 7 
MODULE CONFIGURATION (ADCMCR) 

FACTORY TEST (ADTEST) 

(RESERVED) 

PORT ADA DATA (PORTADA) 

(RESERVED) 

ADC CONTROL 0 (ADCTlO) 

ADC CONTROL 1 (ADCTl1) 

ADC STATUS (ADSTAT) 

RIGHT -JUSTIFIED UNSIGNED RESULT 0 (RJURRO) 

RIGHT -JUSTIFIED UNSIGNED RESULT 1 (RJURR1) 

RIGHT -JUSTIFIED UNSIGNED RESULT 2 (RJURR2) 

RIGHT -JUSTIFIED UNSIGNED RESULT 3 (RJURR3) 

RIGHT -JUSTIFIED UNSIGNED RESULT 4 (RJURR4) 

RIGHT -JUSTIFIED UNSIGNED RESULTS (RJURRS) 

RIGHT -JUSTIFIED UNSIGNED RESULT 6 (RJURR6) 

RIGHT -JUSTIFIED UNSIGNED RESULT 7 (RJURR7) 

LEFT -JUSTIFIED SIGNED RESULT 0 (WSRRO) 

lEFT -JUSTIFIED SIGNED RESULT 1 (WSRR1) 

lEFT -JUSTIFIED SIGNED RESULT 2 (WSRR2) 

lEFT -JUSTIFIED SIGNED RESULT 3 (WSRR3) 

lEFT -JUSTIFIED SIGNED RESULT 4 (WSRR4) 

lEFT -JUSTIFIED SIGNED RESULTS (WSRRS) 

lEFT -JUSTIFIED SIGNED RESULT 6 (WSRR6) 

lEFT -JUSTIFIED SIGNED RESULT 7 (WSRR7) 

lEFT -JUSTIFIED UNSIGNED RESULT 0 (WURRO) 

LEFT -JUSTIFIED UNSIGNED RESULT 1 (WURR1) 

LEFT -JUSTIFIED UNSIGNED RESULT 2 (WURR2) 

lEFT -JUSTIFIED UNSIGNED RESULT 3 (WURR3) 

lEFT -JUSTIFIED UNSIGNED RESULT 4 (WURR4) 

lEFT-JUSTIFIED UNSIGNED RESULTS (WURRS) 

LEFT -JUSTIFIED UNSIGNED RESULT 6 (WURR6) 

LEFT -JUSTIFIED UNSIGNED RESULT 7 (WURR7) 
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0.2.1 AOCMCR - ADC Module Configuration Register 
15 14 13 12 876 

I STOP I FRZ NOT USED I SUPV I 
RESET: 

o o o 

NOT USED 

$YFF700 
o 

ADCMCR controls ADC operation during low-power stop and freeze modes. 

STOP - STOP Mode 
o = Normal operation 
1 = Low-power operation 

STOP places the ADC in low-power state. Setting STOP aborts any conversion in 
progress. STOP is set during reset and must be cleared before ADC operation can 
begin - because analog circuitry bias current has been turned off, there must be a 
period of recovery after STOP is cleared before conversion begins. 

FRZ[1 :0] - Freeze 
The FRZ field determines ADC response to assertion of the FREEZE signal. 

Freeze Encoding 

FRZ[1 :0] Response 

00 Ignore IFREEZE 

01 Reserved 

10 Finish conversion, then 
freeze 

11 Freeze immediately 

SUPV - Supervisor/Unrestricted 
Because the CPU16 in the MC68HC16Z1 operates only in supervisor mode, this 
bit has no effect. 

0.2.2 AOTEST - ADC Test Register 

ADTEST is used with the SIM test register for factory test of the ADC. 

0.2.3 PORTAOA - Port ADA Data Register 
15 

RESET: 
o o o 

NOT USED 

o o 

8 7 

o o o 

PADA 

INPUT DATA 

$YFF702 

$YFF706 
o 

A read of PADA[7:0] returns the logic levels of port ADA pins. If an input is 
outside specified logic levels, an indeterminate value is read. Use as a digital 
input does not preclude use as an analog input. 
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0.2.4 AOCTLO - AID Control Register 0 
15 

RESET: 
o o o 

NOT USED 

o o 

8 765 

I RES10 I STS 

o o o o o o 

4 

o 

3 2 
PRS 

o o 

$YFF70A 
o 

ADCTLO is used to select resolution, sample time, and clocklprescaler value. 
Writing ADCTLO aborts any conversion in progress - ADC activity halts until 
ADCTL 1 is written. 

RES10 - 10-Bit Resolution 
o = 8-bit conversion 
1 = 10-bit conversion 

STS[1 :0] - Sample Time Selection 
The STS field selects one of four sample times. 

Sample Time Selection 

STS[1 :OJ Sample Time 

00 4 AID Clock Periods 

01 8 AID Clock Periods 

10 15 AID Clock Periods 

11 32 AID Clock Periods 

PRS[4:0] - Prescaler Rate Selection 
ADC clock is generated from system clock using a modulus counter and a divide­
by-two circuit. PRS contains the counter modulus. 

MOTOROLA 
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ADC Clock Selection 

PRS[4:0J ADCCLK 

%00000 RESERVED 

%00001 Sys Clkl4 

%00010 Sys Clkl5 

... ... 
%11101 Sys Clkl50 

%11110 Sys Clkl52 

%11111 Sys Clkl54 
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0.2.5 AOCTL 1 - AID Control Register 1 $YFF70C 
15 

RESET: 
o 

7 6 5 4 3 2 1 0 
NOT USED I SCAN I MULT I SSCM I CD CC CS CA 

o o o o o o o o o o o o o o o 

ADCTL 1 selects conversion mode and the analog channel or channels. Writing 
ADCTL 1 aborts any conversion in progress and initiates a new conversion 
sequence. 

SCAN - Scan Mode Selection 
o = Single conversion sequence 
1 = Continuous conversion 

MUL T - Multichannel Conversion 
o = Conversion sequence(s) run on a single channel selected by [CD:CA). 
1 = Sequential conversion of four or eight channels selected by [CD:CA). 

S8CM - Select Eight-Conversion Sequence Mode 
o = Four-conversion sequence 
1 = Eight-conversion sequence 

ADC Conversion Modes 
SCAN MULT S8CM MODE 

0 0 0 SINGLE 4-CONVERSION SINGLE-CHANNEL SEQUENCE 

0 0 1 SINGLE 8-CONVERSION SINGLE-CHANNEL SEQUENCE 

0 1 0 SINGLE 4-CONVERSION MULTICHANNEL SEQUENCE 

0 1 1 SINGLE a-CONVERSION MULTICHANNEL SEQUENCE 

1 0 0 MULTIPLE 4-CONVERSION SINGLE-CHANNEL SEQUENCES 

1 0 1 MULTIPLE 8-CONVERSION SINGLE-CHANNEL SEQUENCES 

1 1 0 MULTIPLE 4-CONVERSION MULTICHANNEL SEQUENCES 

1 1 1 MULTIPLE 8-CONVERSION MULTICHANNEL SEQUENCES 

[CD:CA) - Channel Selection 
Bits in this field select input channel or channels for analog-to-digital conversion. 

Conversion mode determines which channel or channels are selected for 
conversion and which result registers are used to store conversion results. The 
following tables summarize the effects of ADCTL 1 bits and fields . 
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S8CM 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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CD 

a 

a 

a 

a 

a 

a 

a 

a 

1 

1 

1 

1 

1 

1 

1 

1 

a 

a 

a 

a 

a 

a 

a 

a 

1 

1 

1 

1 

1 

1 

1 

1 

CC CB 

a a 

a a 

a 1 

a 1 

1 a 

1 a 

1 1 

1 1 

a a 

a a 

a 1 

a 1 

1 a 

1 a 

1 1 

1 1 

a a 

a a 

a 1 

a 1 

1 a 

1 a 

1 1 

1 1 

a a 

a a 

a 1 

a 1 

1 a 

1 a 

1 1 

1 1 

Single-Channel Conversions 

CA Input 

a ANa 

1 AN1 

a AN2 

1 AN3 

a AN4 

1 AN5 

a AN6 

1 AN7 

a RESERVED 

1 RESERVED 

a RESERVED 

1 RESERVED 

a VRH 

1 VRL 

a (VRH - VRL) /2 

1 TESTIRESERVED 

a ANa 

1 AN1 

a AN2 

1 AN3 

a AN4 

1 AN5 

a AN6 

1 AN7 

a RESERVED 

1 RESERVED 

a RESERVED 

1 RESERVED 

a VRH 

1 VRL 

a (VRH - VRL) /2 

1 TEST/RESERVED 

APPENDIX D 
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Result Register 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3) 

RSLT[a:3] 

RSLT[a:3) 

RSLT[a:3] 

RSLT[a:3) 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:3] 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7] 

RSLT[a:7) 

RSLT[a:7] 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7) 

RSLT[a:7] 

RSLT[a:7) 
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Multichannel Converalona 

S8CM CD CC CB CA Input Result Register 

0 0 0 X X AN[O:3] RSLT[O:3] 

0 0 1 X X AN[4:7] RSLT[O:3] 

0 1 0 X X RESERVED RSLT[O:3] 

0 1 1 X X VRH RSLTO 

VRL RSLTl 

(VRH- VRu/2 RSLT2 

TESTIRESERVED RSLT3 

1 0 X X X AN[O:7] RSLT[O:7] 

1 1 X X X RESERVED RSLTO 

RESERVED RSLTl 

RESERVED RSLT2 

RESERVED RSLT3 

VRH RSLT4 

VRL RSLT5 

(VRH - VRL) 12 RSLT6 

TESTIRESERVED RSLT7 

0.2.6 AOSTAT - ADC Status Register $YFF70E 
15 14 11 10 8 7 o 

I SCF I NOT USED CCTR CCF 
RESET: 

o o o o o o o o o o o o o o o o 

ADSTAT is a read-only register that contains the sequence complete flag, the 
conversion counter, and a channel-converted flag for each of the input 
channels. 

SCF - Sequence Complete Flag 
o = Sequence not complete 
1 = Sequence complete 

When SCAN = 0, SCF is set at the end of a conversion sequence. When SCAN = 
1, SCF is set at the end of the first conversion sequence. SCF is cleared when 
converter activity is halted or restarted by a write to ADCTLO. 

CCTR[2:0] - Conversion Counter 
This field shows the content of the conversion counter pointer during a conversion 
sequence. The value is the number of the next result register to be written. 

CCF[7:0] - Conversion Complete Flags __ 
Each bit in this field corresponds to an ND result register. A bit is set when . 
conversion of the corresponding input is complete. It remains set until the result • _;_ 
register is read. It is cleared when the register is read. 
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0.2.7 RSLT[O:7] - ADC Result Registers $YFF710-$YFF73E 

Result registers contain conversion results. Data format depends on the 
address from which it is read. The notation 10 in a diagram indicates that a bit 
is used only for 10-bit resolution and is cleared during 8-bit conversion. The 
notation 8/10 indicates a bit is used for both 8-bit and 10-bit resolution. Unused 
bits return zeros when read. 

0.2.7.1 RJURR - Unsigned Right-Justified Result Registers $YFF71 O-$YFF71 F 
15 10 9 8 7 6 5 4 3 2 1 0 

NOT USED I 10 I 10 I 8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 

0.2.7.2 LJSRR - Signed Left-Justified Result Registers 
15 14 13 12 11 10 9 8 7 6 5 

8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 8/10 I 10 I 10 I 

$YFF720-$YFF72F 
o 

NOT USED 

This data format assumes that the zero reference point is (VRH - VRd / 2. Bit 15 
thus indicates the sign of the result. When bit 15 = 1, the result is positive; when 
bit 15 = 0, the result is negative. Bits [5:0] return zeros when read. 

0.2.7.3 LJURR - Unsigned Left-Justified Result Registers $YFF730-$YFF73F 
15 14 13 12 11 10 9 8 7 6 

8/10 I 8/10 I 8/10 I 811 0 I 8/1 0 I 8/10 I 8/10 I 8/10 I 10 10 
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0.3 General-Purpose Timer 

Table 0-3. GPT Address Map 

Address 15 8 7 0 

$YFF900 GPT MODULE CONFIGURATION (GPTMCR) 

$YFF902 (RESERVED FOR TEST) 

$YFF904 INTERRUPT CONFIGURATION (ICR) 

$YFFE06 PGP DATA DIRECTION (DDRGP) PGP DATA (PORTGP) 

$YFF908 OC1 ACTION MASK (OC1 M) OC1 ACTION DATA (OC1D) 

$YFF90A TIMER COUNTER (TCNT) 

$YFF90C PA CONTROL (PACTL) PA COUNTER (PACNT) 

$YFF90E INPUT CAPTURE 1 (TIC1) 

$YFF91 0 INPUT CAPTURE 2 (TIC2) 

$YFF912 INPUT CAPTURE 3 (TIC3) 

$YFF914 OUTPUT COMPARE 1 (TOC1) 

$YFF916 OUTPUT COMPARE 2 (TOC2) 

$YFF918 OUTPUT COMPARE 3 (TOC3) 

$YFF91A OUTPUT COMPARE 4 (TOC4) 

$YFF91C INPUT CAPTURE 4/oUTPUT COMPARE 5 (TI4JOS) 

$YFF91E TIMER CONTROL 1 (TCTL 1) TIMER CONTROL 2 (TCTL2) 

$YFF920 TIMER MASK 1 (TMSK1) TIMER MASK 2 (TMSK2) 

$YFF922 TIMER FLAG 1 (TFLG1) TIMER FLAG 2 (TFLG2) 

$YFF924 FORCE COMPARE (CFORC) PWM CONTROL C (PWMC) 

$YFF926 PWM CONTROL A (PWMA) PWM CONTROL B (PWMB) 

$YFF928 PWM COUNT (PWMCNl) 

$YFF92A PWMA BUFFER (PWMBUFA) PWMB BUFFER (PWMBUFB) 

$YFF92C GPT PRESCALER (PRESCL) 

$YFF92E RESERVED 
$YFF93F 

0.3.1 GPTMCR - GPT Module Configuration Register $YFF900 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I STOP I FRZ1 FRZO I STOPP I INCP 0 I 0 I 0 I SUPV I o I 0 I 0 I IARB3 I IARB2 I IARB1 I IARBO I 
RESET: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GPTMCR bits control freeze, low-power stop, and single-step modes. 

STOP - Stop Clocks 
o = Internal clocks not shut down 
1 = Internal clocks shut down 

MC68HC16Z1 

USER'S MANUAL 

APPENDIX D 

REGISTER SUMMARY 

MOTOROLA 

D-11 

--I 



FRZ[1 :0] - FREEZE Response 
FRZ1 is not used; FRZO encoding determines response to the 1MB FREEZE signal. 

o = Ignore 1MB FREEZE signal 
1 = FREEZE the current state of the GPT 

STOPP - Stop Prescaler 
0= Normal operation 
1 = Stop prescaler and pulse accumulator from incrementing. Ignore changes 

to input pins. 

INCP - Increment Prescaler 
0= Has no meaning 
1 = If STOPP is asserted, increment prescaler once and clock input 

synchronizers once. 

SUPV - Supervisor/Unrestricted Data Space 
Because the CPU16 in the MC68HC16Z1 operates in supervisor mode only, this 
bit has no effect. 

IARB[3:0] -Interrupt Arbitration 
Each module that generates interrupts must have an IARB value. IARB values are 
used to arbitrate between interrupt requests of the same priority. 

0.3.2 GPTMTR - GPT Module Test Register (Reserved) $YFF902 

This address is currently unused and returns zeros when read. It is reserved for 
GPT factory test. 

0.3.3 ICR - GPT Interrupt Configuration Register 
15 

RESET: 
o 

14 13 
IPA 

o o 

12 

o 

11 10 9 8 7 
o I IRl 

o o o o o 

$YFF904 
6 5 4 3 2 0 

IVBA o I 0 I 0 I 0 I 
0000000 

ICR fields determine internal and external interrupt priority, and provide the 
upper nibble of the interrupt vector number supplied to the CPU when an 
interrupt is acknowledged. 

IPA - Interrupt Priority Adjust 
Specifies which of the 11 internal GPT interrupt sources is assigned highest 
priority. 

IPL - Interrupt Priority Level 
Specifies the priority level of GPT interrupt requests. 

IVBA - Interrupt Vector Base Address 
Contains the most significant nibble of interrupt vector numbers supplied by the 
GPT. 
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D.3.4 DDRGP - Port GP Data Direction Register 

PORTGP - Port GP Data Register 
15 8 7 

DDRGP 
RESET: 

o 0 o o 0 o o o o o 

PORTGP 

o o 0 o 

$YFF906 
$YFF907 

o 

o o 

When GPT pins are used as an a-bit port, DDRGP determines whether pins are 
input or output and PORTGP holds the a-bit data. 

DDRGP[7:0] - Parallel Data Direction Register 
o = Input only 
1 = Output 

PORTGP[7:0] - Parallel Data Register 

D.3.5 OC1 M - OC1 Action Mask Register 

OC1D - OC1 Action Data Register 
15 14 13 12 11 10 9 8 

I OC1M o I 0 o 
RESET 

o 000 0 o 0 o 

7 

o 

654 3 2 
OC1D o 

o {) 0 o o 

$YFF908 
$YFF909 

o 
o o I 
o o 

All OC outputs can be controlled by the action of OC1. OC1 M contains a mask 
that determines which pins are affected, and OC1 D determines what the outputs 
are. 

OC1 M[5:1] - OC1 Mask 
0= Corresponding output compare pin is not affected by OC1 compare. 
1 = Corresponding output compare pin is affected by OC1 compare. 

OC1 M[5:1] correspond to OC[5:1]. 

OC1 D[5:1] - OC1 Data 
0= If OC1 mask bit is set, clear corresponding output compare pin on OC1 

match. 
1 = If OC1 mask bit is set, set corresponding output compare pin on OC1 match. 

OC1 D[5:1] correspond to OC[5:1]. 

D.3.6 TCNT - Timer Counter Register $YFF90A 
TCNT is the 16-bit free-running counter associated with the input capture, 
output compare, and pulse accumulator functions of the GPT module. 
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0.3.7 PACTL - Pulse Accumulator Control Register $YFF90C 

PACNT - Pulse Accumulator Counter $YFF90D 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

PAIS ·1 PAEN 1 PAMOD 1 PEDGE 1 PCLKS 1 14105 1 PACLK PULSE ACCUMULATOR COUNTER 
RESET: 

U 0 0 0 U 0 0 0 0 0 0 0 0 0 0 0 

PACTL enables the pulse accumulator and selects either event counting or 
gated mode. In event counting mode, PACNT is incremented each time an 
event occurs. In gated mode, it is incremented by an internal clock. 

PAIS - PAl Pin State (Read Only) 

PAEN - Pulse Accumulator Enable 
o = Pulse accumulator disabled 
1 = Pulse accumulator enabled 

PAMOD - Pulse Accumulator Mode 
o = External event counting 
1 = Gated time accumulation 

PEDGE - Pulse Accumulator Edge Control 
The effects of PEDGE and PAMOD are shown in the following table. 

PAMOO PEOGE Effect 

0 0 PAl Falling Edge Increments Counter 

0 1 PAl Rising Edge Increments Counter 

1 0 Zero on PAl Inhibits Counting 

1 1 One on PAl Inhibits Counting 

PCLKS - PCLK Pin State (Read Only) 

14/05 - Input Capture 4/0utput Compare 5 
o = Output compare 5 enabled 
1 = Input capture 4 enabled 

PACLK[1 :0] - Pulse Accumulator Clock Select (Gated Mode) 

PACLK[1 :0] Pulse Accumulator Clock Selected 

00 System Clock Divided by 512 

01 Same Clock Used to Increment TCNT 

10 TOF Flag from TCNT 

11 External Clock, PCLK 

PACNT - Pulse Accumulator Counter 
Eight-bit read/write counter used for external event counting or gated time 
accumulation. 
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0.3.8 TIC[1 :3] - Input Capture Registers 1-3 $YFF90E-$YFF912 

The input capture registers are 16-bit read-only registers which are used to 
latch the value of TCNT when a specified transition is detected on the 
corresponding input capture pin. They are reset to $FFFF. 

0.3.9 TOC[1:4] - Output Compare Registers 1-4 $YFF914-$YFF91A 

The output compare registers are 16-bit read/write registers which can be used 
as output waveform controls or as elapsed time indicators. For output compare 
functions, they are written to a desired match value and compared against 
TCNT to control specified pin actions. They are reset to $FFFF. 

0.3.10 TI4/05 - Input Capture 4/0utput Compare 5 Register $YFF91C 

This register serves either as input capture register 4 or output compare register 
5, depending on the state of 14/05 in PACTL. 

0.3.11 TCTL 1/TCTL2 - Timer Control Registers 1 and 2 $YFF91E 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

Iavt; 0l.5 0M4 014 Q\fl 0[.3 0M2 012 EOGE4 EOGE3 EOGE2 EOGE1 

RESET: 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TCTl1 determines output compare mode and output logic level. TCTl2 
determines the type of input capture to be performed. 

OM/Ol[5:2] - Output Compare Mode Bits and Output Compare level Bits 
Each pair of bits specifies an action to be taken when output comparison is 
successful. 

OM/OL[5:2] Action Taken 

00 Timer Disconnected from Output Logic 

01 Toggle OCx Output Line 

10 Clear OCx Output Line to 0 

11 Set OCx Output Line to 1 

EDGE[4:1] - Input Capture Edge Control 
Each pair of bits configures input sensing logic for the corresponding input capture. 

EDGE[4:1] 

MC68HC16Z1 
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00 

01 

10 

11 

Configuration 

Capture Disabled 

Capture on Rising Edge Only 

Capture on Falling Edge Only 

Capture on Any (Rising or Falling) Edge 
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0.3.12 TMSK1/TMSK2 - Timer Interrupt Mask Registers 1 and 2 $YFF920 
15 14 11 10 8 7 6 5 4 3 2 0 

I 14/051 I OCI ICI TOI 0 I PAOVII PAil I CPROUT I CPR 
RESET: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TMSK1 enables OC and IC interrupts. TMSK2 controls pulse accumulator 
interrupts and TCNT functions. 

14/051- Input Capture 4/0utput Compare 5 Interrupt Enable 
0= IC4/0C5 interrupt disabled 
1 = IC4/0C5 interrupt requested when 14/05F flag in TFLG1 is set 

OCI[4:1] - Output Compare Interrupt Enable 
o = OC interrupt disabled 
1 = OC interrupt requested when OC flag set 

OCI[4:1] correspond to OC[4:1]. 

ICI[3:1] -Input Capture Interrupt Enable 
o = IC interrupt disabled 
1 = IC interrupt requested when IC flag set 

ICI[3:1] correspond to IC[3:1]. 

TOI - Timer Overflow Interrupt Enable 
o = Timer overflow interrupt disabled 
1 = Interrupt requested when TOF flag is set 

PAOVI- Pulse Accumulator Overflow Interrupt Enable 
o = Pulse accumulator overflow interrupt disabled 
1 = Interrupt requested when PAOVF flag is set 

PAII- Pulse Accumulator Input Interrupt Enable 
o = Pulse accumulator interrupt disabled 
1 = Interrupt requested when PAIF flag is set 

CPROUT - Compare/Capture Unit Clock Output Enable 
o = Normal operation for OCl pin 
1 = TCNT clock driven out OCl pin 

MOTOROLA 
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CPR[2:0] - Timer Prescaler/PCLK Select Field 
This field selects one of seven prescaler taps or PCLK to be TCNT input. 

CPR[2:0] System Clock 
Divide-by Factor 

000 4 

001 8 

010 16 

011 32 

100 64 

101 128 

110 256 

111 PCLK 

0.3.13 TFLG1/TFLG2 - Timer Interrupt Flag Registers 1and 2 $YFF922 
15 14 11 10 8 7 6 5 4 3 2 o 

I 14/05F I TOF 0 I PAOVF I PAIF I 0 o o o I 
RESET: 

o o o o o o o o o o o o o o o o 

These registers show condition flags that correspond to various GPT events. If 
the corresponding interrupt enable bit in TMSK1 ITMSK2 is set, an interrupt will 
occur. 

14/05F -Input Capture 4/0utput Compare 5 Flag 
When 14/05 in PACTL is zero, this flag is set each time TCNT matches the value in 
TOC5. When 14/05 in PACTL is one, the flag is set each time a selected edge is 
detected at the 14/05 pin. 

OCF[4:1] - Output Compare Flags 
An output compare flag is set each time TCNT matches the corresponding TOC 
register. OCF[4:1] correspond to 0C[4:1]. 

ICF[3:1] - Input Capture Flags 
A flag is set each time a selected edge is detected at the corresponding input 
capture pin. ICF[3:1] correspond to IC[3:1]. 

TOF - Timer Overflow Flag 
This flag is set each time TCNT advances from a value of $FFFF to $0000. 

PAOVF - Pulse Accumulator Overflow Flag 
This flag is set each time the pulse accumulator counter advances from a value of 
$FFto $00. 

PAIF - Pulse Accumulator Flag 
In event counting mode, this flag is set when an active edge is detected on the PAl 
pin. In gated time accumulation mode, it is set at the end of the timed period. 

MC68HC16Z1 
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0.3.14 CFORC - Compare Force Register 

PWMC - PWM Control Register C 

$YFF924 

$YFF925 
15 11 10 9 8 7 6 4 3 2 1 0 

FCC o I FPWMA I FPWMB I PPROUT I PPR I SFA I SFB I FIA I FIB I 
RESET: 

o o o o o 0 o o o o o o 0 0 0 0 

Setting a bit in CFORC will cause a specific output on OC or PWM pins. PWMC 
sets PWM operating conditions. 

FOC[5:1] - Force Output Compare 
o = Has no meaning 
1 = Causes pin action programmed for corresponding OC pin, but the OC flag is 

not set. 
FOC[5:1] correspond to OC[5:1]. 

FPWMA - Force PWMA Value 
o = Normal PWMA operation 
1 = The value of F1 A is driven out on the PWMA pin, regardless of the state of 

PPROUT. 

FPWMB - Force PWMB Value 
o = Normal PWMB operation 
1 = The value of F1 B is driven out on the PWMB pin. 

PPROUT - PWM Clock Output Enable 
0= Normal PWM operation on PMWA 
1 = TCNT clock driven out PWMA pin. 

PPR[2:0] - PWM Prescaler/PCLK Select 
This field selects one of seven prescaler taps or PCLK to be PWMCNT input. 

PPR[2:0] System Clock 
Divide-by Factor 

000 2 

001 4 
010 8 
011 16 
100 32 
101 64 
110 128 

111 PCLK 

SFA - PWMA Slow/Fast Select 
o = PWMA period is 256 PWMCNT increments long. 
1 = PWMA period is 32768 PWMCNT increments long. 
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SFB - PWMB Slow/Fast Select 
o = PWMB period is 256 PWMCNT increments long. 
1 = PWMB period is 32768 PWMCNT increments long. 

The following table shows the effects of SF settings on PWM frequency (16.78-MHz 
system clock). 

PPR[2:0] Prescaler Tap SFA/B = 0 

000 Div 2 = 8.39 MHz 32.8 kHz 

001 Div 4 = 4.19 MHz 16.4 kHz 

010 Div 8 - 2.10 MHz 8.19 kHz 

011 Div 16 z 1.05 MHz 4.09 kHz 

100 Div 32 = 524 kHz 2.05 kHz 

101 Div 64 = 262 kHz 1.02 kHz 

110 Div 128 = 131 kHz 512 Hz 

111 PCLK PCLKI256 

F1 A - Force Logic Level One on PWMA 
0= Force logic level zero output on PWMA pin. 
1 = Force logic level one output on PWMA pin. 

F1 B - Force Logic Level One on PWMB 
o = Force logic level zero output on PWMB pin. 
1 = Force logic level one output on PWMB pin. 

0.3.15 PWMA/PWMB - PWM Registers AlB 

SFA/B = 1 

256 Hz 

128 Hz 

64.0 Hz 

32.0 Hz 

16.0 Hz 

8.0 Hz 

4.0 Hz 

PCLKI32768 

$YFF926, $YFF927 

The value in these registers determines pulse-width of the corresponding PWM 
output. A value of $00 corresponds to continuously low output; a value of $80 to 
50% duty cycle. Maximum value ($FF) selects an output which is high for 
255/256 of the period. Writes to these registers are buffered by PWMBUFA and 
PWMBUFB. 

0.3.16 PWMCNT - PWM Count Register $YFF928 

PWMCNT is the 16-bit free-running counter used for GPT PWM functions. 

0.3.17 PWMBUFA - PWM Buffer Register A 

PWMBUFB - PWM Buffer Register B 

$YFF92A 

$YFF92B 

In order to prevent glitches when PWM duty cycle is changed, the contents of 
PWMA and PWMB are transferred to these read-only registers at the end of 
each duty cycle. Reset state is $0000. 

0.3.18 PRESCL - GPT Prescaler $YFF92C 

The 9-bit prescaler value can be read from bits [8:0] at this address. Bits [15:9] 
always read as zeros. Reset state is $0000. 

MC68HC16Z1 

USER'S MANUAL 

APPENDIX D 

REGISTER SUMMARY 

MOTOROLA 

D-19 



0.4 System Integration Module 

MOTOROLA 

0-20 

Address 

YFFAOO 

YFFA02 

YFFA04 

YFFA06 

YFFA08 

YFFAOA 

YFFAOC 

YFFAOE 

YFFA10 

YFFA12 

YFFA14 

YFFA16 

YFFA18 

YFFA1A 

YFFA1C 

YFFA1E 

YFFA20 

YFFA22 

YFFA24 

YFFA26 

YFFA28 

YFFA2A 

YFFA2C 

YFFA2E 

YFFA30 

YFFA32 

YFFA34 

YFFA36 

YFFA38 

YFFA3A 

YFFA3C 

YFFA3E 

YFFA40 

YFFA42 

15 

Table 0-4. SIM Address Map 

8 7 0 

MODULE CONFIGURATION (SIMCR) 

FACTORY TEST (SIMTR) 

CLOCK SYNTHESIZER CONTROL (SYNCR) 

NOT USED RESET STATUS (RSR) 

MODULE TEST E (SIMTRE) 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED PORTE DATA (PORTEO) 

NOT USED PORTE DATA (PORTE 1 ) 

NOT USED PORTE DATA DIRECTION (DDRE) 

NOT USED PORTE PIN ASSIGNMENT (PEPAR) 

NOT USED PORTF DATA (PORTFO) 

NOT USED PORTF DATA (PORTF1) 

NOT USED PORTF DATA DIRECTION (DDRF) 

NOT USED PORTF PIN ASSIGNMENT (PFPAR) 

NOT USED SYSTEM PROTECTION CONTROL 
(SYPCR) 

PERIODIC INTERRUPT CONTROL (PICR) 

PERIODIC INTERRUPT TIMING (PITR) 

NOT USED SOFlWARE SERVICE (SWSR) 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED NOT USED 

TEST MODULE MASTER SHIFT A (TSTMSRA) 

TEST MODULE MASTER SHIFT B (TSTMSRB) 

TEST MODULE SHIFT COUNT (TSTSC) 

TEST MODULE REPETITION COUNTER (TSTRC) 

TEST MODULE CONTROL (CREG) 

TEST MODULE DISTRIBUTED (DREG) 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED PORT C DATA (PORTC) 

NOT USED 
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Address 

YFFA44 

YFFA4S 

YFFA48 

YFFA4A 

YFFA4C 

YFFA4E 

YFFASO 

YFFAS2 

YFFA54 

YFFASS 

YFFAS8 

YFFASA 

YFFASC 

YFFASE 

YFFASO 

YFFAS2 

YFFA64 

YFFASS 

YFFAS8 

YFFASA 

YFFASC 

YFFASE 

YFFA70 

YFFA72 

YFFA74 

YFFA7S 

YFFA78 

YFFA7A 

YFFA7C 

YFFA7E 

MC68HC16Z1 

USER'S MANUAL 

Table 0-4. SIM Address Map (Continued) 

15 8 7 

CHIP-SELECT PIN ASSIGNMENT (CSPARO) 

CHIP-SELECT PIN ASSIGNMENT (CSPAR1) 

CHIP-SELECT BASE BOOT (CSBARBT) 

CHIP-SELECT OPTION BOOT (CSORBT) 

CHIP-SELECT BASE 0 (CSBARO) 

CHIP-SELECT OPTION 0 (CSORO) 

CH IP-SELECT BASE 1 (CSBAR1) 

CHIP-SELECT OPTION 1 (CSOR1) 

CHIP-SELECT BASE 2 (CSBAR2) 

CHIP-SELECT OPTION 2 (CSOR2) 

CHIP-SELECT BASE 3 (CSBAR3) 

CHIP-SELECT OPTION 3 (CSOR3) 

CHIP-SELECT BASE 4 (CSBAR4) 

CHIP-SELECT OPTION 4 (CSOR4) 

CHIP-SELECT BASE S (CSBARS) 

CHIP-SELECT OPTION S (CSORS) 

CHIP-SELECT BASE S (CSBARS) 

CHIP-SELECT OPTION S (CSORS) 

CHIP-SELECT BASE 7 (CSBAR7) 

CHIP-SELECT OPTION 7 (CSOR7) 

CHIP-SELECT BASE 8 (CSBAR8) 

CHIP-SELECT OPTION 8 (CSOR8) 

CHIP-SELECT BASE 9 (CSBAR9) 

CHIP-SELECT OPTION 9 (CSOR9) 

CHIP-SELECT BASE 10 (CSBAR10) 

CHIP-SELECT OPTION 10 (CSOR10) 

NOT USED 

NOT USED 

NOT USED 

NOT USED 
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NOT USED 

NOT USED 
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0.4.1 SIMeR - Module Configuration Register $YFFAOO 
15 14 13 12 11 10 9 8 7 6 5 4 3 0 

I EXOFF I FRZSW I FRZBM I 0 ISLVEN I 0 SHEN I SUPV I 1M 0 I 0 IARB 
RESET: 

0 0 0 0 DATA 0 0 0 0 0 
11 

SIMCR controls system configuration. Can be read or written at any time, 
except for the module mapping (MM) bit, which can be written once, and must 
remain set. 

EXOFF - External Clock Off 
o = The CLKOUT pin is driven from an internal clock source. 
1 = The CLKOUT pin is placed in a high-impedance state. 

FRZSW - Freeze Software Enable 
o = When FREEZE is asserted, the software watchdog and periodic interrupt 

timer counters continue to run. 
1 = When FREEZE is asserted, the software watchdog and periodic interrupt 

timer counters are disabled, preventing interrupts during software debug. 

FRZBM - Freeze Bus Monitor Enable 
o = When FREEZE is asserted, the bus monitor continues to operate. 
1 = When FREEZE is asserted, the bus monitor is disabled. 

SLVEN - Factory Test Mode Enabled 
o = 1MB is not available to an external master. 
1 = An external bus master has direct access to the 1MB. 

SHEN[1 :0] - Show Cycle Enable 
This field determines what the EBI does with the external bus during internal 
transfer operations. 

SUPV - Supervisor/User Data Space 
The MC68HC16Z1 operates only in supervisory mode - SUPV has no effect. 

MM - Module Mapping 
Because ADDR[23:20] follow the state of ADDR19 in the CPU16, MM must remain 
set. 

0= Internal modules are addressed from $7FFOOO - $7FFFFF. 
1 = Internal modules are addressed from $FFFOOO - $FFFFFF. 

IARB[3:0] - Interrupt Arbitration Field 
Determines SIM interrupt arbitration priority. The reset value is $F (highest priority), 
to prevent SIM interrupts from being discarded during initialization. 
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0.4.2 SIMTR - System Integration Test Register 

SIMTR is used for factory test only. 

0.4.3 SYNCR - Clock Synthesizer Control Register 

$YFFA02 

$YFFA04 
15 14 13 12 11 10 9 876 5 4 321 0 

I w I x y EDIV I 0 o I SLIMP I SLoeK I RSTEN I STSIM I STEXTI 
RESET: 

o o o o o u u o o o 

SYNCR determines system clock operating frequency and mode of operation. 
Clock frequency is determined by SYNCR bit settings as follows: 

FSYSTEM = FREFERENCE [4(Y + 1 )(22W + X)] 

W - Frequency Control (VCO) 
o = Base VCO frequency. 
1 = VCO frequency multiplied by four. 

X - Frequency Control Bit (Prescale) 
o = Base system clock frequency 
1 = System clock frequency multiplied by two. 

Y[S:O] - Frequency Control (Counter) 
The Y field is the initial value for the modulus 64 down counter in the synthesizer 
feedback loop. Values range from 0 to 63. 

EDIV - ECLK Divide Rate 
o = ECLK is system clock divided by 8. 
1 = ECLK is system clock divided by 16. 

SLIMP - Limp Mode 
0= External crystal is VCO reference. 
1 = Loss of crystal reference. 

SLaCK - Synthesizer Lock 
o = VCO is enabled, but has not locked. 
1 = VCO has locked on the desired frequency or system clock is external. 

RSTEN - Reset Enable 
o = Loss of reference causes the MCU to operate in limp mode. 
1 = Loss of reference causes system reset. 

STSIM - Stop Mode System Integration Clock 
o = SIM clock driven by an external source and VCO off during low-power stop. 
1 = SIM clock driven by VCO during low-power stop. 

MC68HC16Z1 
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STEXT - Stop Mode External Clock 
o = CLKOUT held low during low-power stop. 
1 = CLKOUT driven from SIM clock during low-power stop. 

0.4.4 RSR - Reset Status Register $VFFA07 
15 14 13 12 11 10 9 87 G 543210 

NOT USED EXT I pow I sw I HL T I 0 I LOC I SYS I TST I 

RSR contains a status bit for each reset source in the MCU. RSR is updated 
when the MCU comes out of reset. A set bit indicates what type of reset 
occurred. If multiple sources assert reset signals at the same time, more than 
one bit in RSR may be set. This register can be read at any time; a write has no 
effect. 

EXT - External Reset 
Reset caused by an external signal. 

POW - Power-Up Reset 
Reset caused by the power-up reset circuit. 

SW - Software Watchdog Reset 
Reset caused by the software watchdog circuit. 

HL T - Halt Monitor Reset 
Reset caused by the halt monitor. 

LOC - Loss of Clock Reset 
Reset caused by loss of clock frequency reference. 

SYS - System Reset 
Reset caused by a CPU RESET instruction. Not used by MC68HC16Z1. The 
CPU16 has no reset instruction. 

TST - Test Submodule Reset 
Reset caused by the test submodule. Used during system test only. 

0.4.5 SIMTRE - System Integration Test Register (ECLK) 

Register is used for factory test only. 

0.4.6 PORTEO/PORTE1 - Port E Data Register 

$VFFA08 

$VFFA11, $VFFA13 
15 14 13 12 11 10 9 8 7 G 5 432 1 0 

RESET: 
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PORTE is an internal data latch that can be accessed at two locations - it can 
be read or written at any time. If a pin in 1/0 port E is configured as an output, 
the corresponding bit value is driven out on the pin. When a pin is configured 
for output, a read of PORTE returns the latched bit value; when a pin is 
configured for input, a read returns the pin logic level. Reads of PE3 always 
return one. 

0.4.7 OORE - Port E Data Direction Register $YFFA15 
15 14 13 12 11 10 9 87 S 543210 

NOT USED I DDE71 DDESI DDE51 DDE4 I DDE31 DDE21 DDE1 I DDEO I 
RESET: 

o o o o o o o o 

Bits in this register control the direction of the port E pin drivers when pins are 
configured for 1/0. Setting a bit configures the corresponding pin as an output; 
clearing a bit configures the corresponding pin as an input. This register can be 
read or written at any time. 

0.4.8 PEPAR - Port E Pin Assignment Register $YFFA17 
15 14 13 12 11 10 9 8 

NOT USED 

RESET: 
DATAS DATA8 DATA8 DATAS DATAS DATAS DATAS DATAS 

Bits in this register determine the function of port E pins. Setting a bit assigns 
the corresponding pin to a bus control signal; clearing a bit assigns the pin to 
1/0 port E. PE3 is not connected to a pin. DDE3, PE3, and PEPAR3 can be 
read and written, but have no function. 

0.4.9 PORTFO/PORTF1- Port F Data Register $YFFA19, $YFFA1B 
15 14 13 12 11 10 9 87 S 5432 0 

NOT USED PF7 I PFS I PF5 I PF4 I PF3 I PF2 I PF1 PFO I 
RESET: 

U U U U U U U U 

PORTF is an internal data latch that can be accessed at two locations. It can be 
read or written at any time. If a pin in I/O port F is configured as an output, the 
corresponding bit value is driven out on the pin. When a pin is configured for 
output, a read of PORTF returns the latched bit value; when a pin is configured 
for input, a read returns the pin logic level. 

0.4.10 OORF - Port F Data Direction Register $YFFA10 
15 14 13 12 11 10 

RESET: 

MC68HC16Z1 
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9 87 S 543210 

I DDF71 DDFSI DDF51 DDF4 I DDF31 DDF21 DDF1 I DDFO I 

o o 
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Bits in this register control the direction of the port F pin drivers when pins are 
configured for I/O. Setting a bit configures the corresponding pin as an output; 
clearing a bit configures the corresponding pin as an input. This register can be 
read or written at any time. 

0.4.11 PFPAR - Port F Pin Assignment Register $VFFA1F 
15 14 13 12 11 10 9 8 

NOT USED 

RESET: 
DATA9 DATA9 DATA9 DATA9 DATA9 DATA9 DATA9 DATA9 

Bits in this register determine the function of port F pins. Setting a bit assigns 
the corresponding pin to a bus control signal; clearing a bit assigns the pin to 
I/O port F. 

0.4.12 SVPCR - System Protection Control Register $VFFA21 
15 14 13 12 11 10 9 8765432 o 

NOT USED I SWE I SWP I SWT I HME I BME I BMT 
RESET: 

MOIlCLK 0 o o o o o 

SYPCR controls system monitor functions, software watchdog clock prescaling, 
and bus monitor timing. This register can be written once following power-on or 
reset. 

SWE - Software Watchdog Enable 
o = Software watchdog disabled 
1 = Software watchdog enabled 

SWP - Software Watchdog Prescale 
o = Software watchdog clock not prescaled 
1 = Software watchdog clock prescaled by 512 

SWT[1 :0] - Software Watchdog Timing 
This field selects software watchdog timeout period. 

Software Watchdog Ratio 

MOTOROLA 
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SWP SWT 

0 00 

0 01 

0 10 

0 11 

1 00 

1 01 

1 10 

1 11 

APPENDIX D 
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Ratio 

29 

211 

213 

215 

218 

220 

222 

~4 
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HME - Halt Monitor Enable 
o = Disable halt monitor function 
1 = Enable halt monitor function 

BME - Bus Monitor External Enable 
0= Disable bus monitor function for an internal to external bus cycle. 
1 = Enable bus monitor function for an internal to external bus cycle. 

BMT[1 :0] - Bus Monitor Timing 
This field selects bus monitor timeout period. 

Bus Monitor Period 

BMT Bus Monitor Timeout Period 

00 64 System Clocks 

01 32 System Clocks 

10 16 System Clocks 

11 8 System Clocks 

0.4.13 PICR - Periodic Interrupt Control Register 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 

I 0 I 0 I 0 0 0 I PIRQL PIV 
RESET: 

0 0 0 0 0 0 0 0 0 0 0 o 

$YFFA22 
o 

Contains information concerning periodic interrupt priority and vectoring. 
PICR[1 0:0] can be read or written at any time. PICR[15:11] are unimplemented 
and always return zero. 

PIRQL[2:0] - Periodic Interrupt Request Level 
This field determines the priority of periodic interrupt requests. 

PIV[7:0] - Periodic Interrupt Vector 
The bits of this field contain the periodic interrupt vector number supplied by the 
81M when the CPU acknowledges an interrupt request. 

0.4.14 PITR - Periodic Interrupt Timer Register 
15 14 13 12 11 10 9 8 7 6 

I 0 I 0 0 I 0 0 I 0 I 0 I PTP I 
RESET: 

0 0 0 0 0 0 0 MODCLK 0 0 

Contains the count value for the periodic timer. 
written at any time. 
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PTP - Periodic Timer Prescaler Control 
1 = Periodic timer clock prescaled by a value of 512 
o = Periodic timer clock not prescaled 

PITM[7:0] - Periodic Interrupt Timing Modulus 
This is the 8-bit timing modulus used to determine periodic interrupt rate. Use the 
following expression to calculate timer period. 

PIT Period = [(PIT Modulus)(Prescaler value)(4)]/EXTAL Frequency 

0.4.15 SWSR - Software Service Register $YFFA27 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

NOT USED o I 0 o I 0 o I 0 o o 
RESET 

o o o o o o o o 

When the software watchdog is enabled, a service sequence must be written to 
this register within a specific interval. When read, SWSR always returns $00. 
Register shown with read value. 

0.4.16 TSTMSRA - Master Shift Register A 

Register is used for factory test only. 

0.4.17 TSTMSRB - Master Shift Register B 

Register is used for factory test only. 

0.4.18 TSTSC - Test Module Shift Count 

Register is used for factory test only. 

0.4.19 TSTRC - Test Module Repetition Count 

Register is used for factory test only. 

0.4.20 CREG - Test Sub module Control Register 

Register is used for factory test only. 

0.4.21 DREG - Distributed Register 

Register is used for factory test only. 

0.4.22 PORTC - Port C Data Register 

$YFFA30 

$YFFA32 

$YFFA34 

$YFFA36 

$YFFA38 

$YFFA3A 

$YFFA41 
9 8 76543210 

NOT USED 
RESET 

o 

PORTC latches data for chip-select pins that are used for discrete output. 
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0.4.23 CSPARO - Chip Select Pin Assignment Register 0 $YFFA44 

o o DATA2 DATA2 DATA2 DATA1 DATA1 DATA1 DATA 
o 

Contains seven 2-bit fields (CS[5:0] and CSBOOT) that determine the functions 
of corresponding chip-select pins. CSPARO[15:14] are not used. These bits 
always read zero; write has no effect. CSPARO bit 1 always reads one; writes to 
CSPARO bit 1 have no effect. Mnemonics in parentheses show alternate 
functions that can be enabled by data bus mode selection during reset. 

0.4.24 CSPAR1 - Chip Select Pin Assignment Register 1 $YFFA46 

o o o o o o DATA? DATA6 DATA5 DATA4 DATA3 

Contains five 2-bit fields (CS[10:6]) that determine the functions of 
corresponding chip-select pins. CSPAR1 [15:1 0] are not used. These bits 
always read zero; write has no effect. Mnemonics in parentheses show 
alternate functions that can be enabled by data bus mode selection during 
reset. 

Pin Assignment Field Encoding 

Bit Field Description 

00 Discrete Output-

01 Alternate Function-

10 Chip Select (a-Bit Port) 

11 Chip Select (16-Bit Port) 

-Does not apply to the CSBOOT field 

0.4.25 CSBARBT - Chip Select Base Address Register Boot ROM $YFFA48 
2 1 0 

BLKSZ 

o o o o o o o o o o o o o 

0.4.26 CSBAR[O:10] - Chip Select Base Address Registers $YFFA4C-$YFFA74 

o o o 

MC68HC16Z1 

USER'S MANUAL 

o o o o o o o 
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Each chip-select pin has an associated base address register. A base address 
is the lowest address in the block of addresses enabled by a chip select. 
ADDR[23:20] are at the same logic level as ADDR19 during normal operation. 
CSBARBT contains the base address for selection of a bootstrap peripheral 
memory device. Bit and field definition for CSBARBT and CSBAR[0:10] are the 
same, but reset block sizes differ. 

ADDR[1S:3] - Base Address 
This field sets the starting address of a particular address space. 

BLKSZ - Block Size 
This field determines the size of the block above the base address that is enabled 
by the chip select. 

Block Size Encoding 

BLKSZ[2:0j Block Size Address LInes Compared 

000 2K ADOR23-AOOR11 

001 8K ADOR23-AOOR13 

010 16K ADOR23-AOOR14 

011 64K ADOR23-AODR16 

100 128K ADOR23-AOOR17 

101 256K ADDR23-ADDR18 

110 512K ADDR23-ADDR19 

111 512K ADDR23-AODR20 

0.4.27 CSORBT - Chip Select Option Register Boot ROM $YFFA4A 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I W!E I BYTE R/W I STRB I DSACK SPACE IPL I AVEC I 
RESET: 

0 0 0 0 0 0 0 

0.4.28 CSOR[O:10] - Chip Select Option Registers $YFFA4E-$YFFA76 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I W!E I BYTE R/W I STRB I DSACK SPACE IPL I AVEC I 
RESET: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Contain parameters that support bootstrap operations from peripheral memory 
devices. Bit and field definitions for CSORBT and CSOR[0:1 0] are the same. 

MODE - Asynchronous/Synchronous Mode 
Synchronous mode cannot be used with internally-generated autovectors. 

o = Asynchronous mode selected 
1 = Synchronous mode selected 

BYTE - Upper/Lower Byte Option 
The value in this field determines whether a select signal can be asserted. 
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R/W - Read/Write 
This field causes a chip select to be asserted only for a read, only for a write, or for 
both read and write. 

STRB - Address Strobe/Data Strobe 
1 = Data strobe 
o = Address strobe 

DSACK - Data Strobe Acknowledge 
-=-:::::-:-:=-:-:-

This field specifies the source of DSACK in asynchronous mode and controls wait 
state insertion. 

SPACE - Address Space Select 
This field selects an address space to be used by the chip-select logic. 

IPL - Interrupt Priority Level 
This field determines interrupt priority level when a chip-select is used for interrupt 
acknowledge. It does not affect CPU interrupt recognition. 

AVEC - Autovector Enable 
Do not enable autovector support when in synchronous mode. 

1 = Autovector enabled 
o = External interrupt vector enabled 

MODE BYTE 

O=ASYNC 00 = Disable 

1 = SYNC 01 -Lower 

10'" Upper 
11,. Both 

MC68HC16Z1 

USER'S MANUAL 

Option Register Function Summary 

R/W 

00,. Rsvd 

01 -Read 

10 = Write 
11 = Both 

STRB DSACK SPACE 

O=AS 0000= o WAIT 00 = CPU SP 

1 aDS 0001-1 WAIT 01 - UserSP 
0010= 2 WAIT 10 = SupvSP 
0011 =3 WAIT 11 - S/U SP 
0100=4 WAIT 
0101 = 5 WAIT 
0110-6WAIT 
0111 = 7 WAIT 
1000=8 WAIT 

1001 - 9 WAIT 
1010'" 10 WAIT 
1011-11WAIT 
1100 -12 WAIT 
1101.13WAIT 
1110-Fterm 

1111 _ External 

APPENDIX D 
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000 = All 0= Off 

001 - Priority 1 1-0n 

010 = Priority 2 
011 = Priority 3 
100 = Priority 4 
101 = Priority 5 
110 = Priority 6 
111 = Priority 7 
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0.5 Standby RAM Module 

Table 0-5. SRAM Address Map 

Address 15 817 0 

$YFFBOO RAM MODULE CONFIGURATION REGISTER (RAMMCR) 

$YFFB02 RAM TEST REGISTER (RAMTSl) 

$YFFB04 RAM ARRAY BASE ADDRESS REGISTER HIGH (RAMBAH) 

$YFFB06 RAM ARRAY BASE ADDRESS REGISTER LOW (RAMBAL) 

0.5.1 RAMMeR - RAM Module Configuration Register $YFFBOO 
15 11 9 8 7 6 5 4 3 2 o 

I STOP I 0 I 0 I 0 I RLCK I 0 I RASP NOT USED 
RESET: 
100 0 0 0 

RAMMCR is used to determine whether the RAM is in STOP mode or normal 
mode. It is also used to determine in which space the array resides, and 
controls access to the base array registers. Reads of unimplemented bits 
always return zeros. Writes do not affect unimplemented bits. 

STOP - Stop Control 
0= RAM array operates normally. 
1 = RAM array enters low-power stop mode. 

This bit determines whether the RAM array is in low-power stop mode. Reset state 
is one, leaving the array configured for low-power stop operation. In stop mode, 
the array retains its contents, but cannot be read or written by the CPU. This bit can 
be read or written at any time. 

RLCK - RAM Base Address Lock 
o = SRAM base address registers can be written from 1MB 
1 = SRAM base address registers are locked 

RLCK defaults to zero on reset; it can be written once to one. 

RASP[1 :0] - RAM Array Space 
RASP limits access to the SRAM array in microcontrollers that support separate 
user and supervisor operating modes. Because the CPU16 operates in supervisor 
mode only, RASP1 has no effect. 
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0.5.2 RAMTST - RAM Test Register $YFFB02 

RAMTST is used for factory test only. Reads of this register return zeros, and 
writes have no effect. 

0.5.3 RAMBAH - Array Base Address Register High $YFFB04 
15 14 13 12 11 10 9 8 

NOT USED 

RESET: 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.5.4 RAMBAl - Array Base Address Register Low $YFFB06 

o o o o o o o o o o o o o o o o 

RAM BAH and RAMBAL are used to specify an SRAM array base address. 
RAMBAH and RAMBAL can only be written while the SRAM is in low-power 
mode (RAMMCR STOP = 1) and the base address lock (RAMMCR RLCK = 0) is 
disabled. This prevents accidental remapping of the array. 

MC68HC16Z1 
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0.6 Queued Serial Module 

Table 0-6. QSM Address Map 

Address 15 81 7 0 

$YFFCOO OSM MODULE CONFIGURATION (OSMCR) 

$YFFC02 OSM TEST (OTEST) 

$YFFC04 OSM INTERRUPT LEVEL (OUILR) I OSM INTERRUPT VECTOR (OIVR) 

$YFFC06 RESERVED 

$YFFC08 SCI CONTROL 0 (SCCRO) 

$YFFCOA SCI CONTROL 1 (SCCR1) 

$YFFCOC SCI STATUS (SCSR) 

$YFFCOE SCI DATA (SCDR) 

$YFFC10 RESERVED 

$YFFC12 RESERVED 

$YFFC14 RESERVED 1 POS DATA (PORTOS) 

$YFFC16 POS PIN ASSIGNMENT (POSPAR) 1 POS DATA DIRECTION (DDROS) 

$YFFC18 SPI CONTROL 0 (SPCRO) 

$YFFC1A SPI CONTROL 1 (SPCR1) 

$YFFC1C SPI CONTROL 2 (SPCR2) 

$YFFC1E SPI CONTROL 3 (SPCR3) I SPI STATUS (SPSR) 

$YFFC2o- RESERVED 
$YFFCFF 

$YFFDOo- RECEIVE RAM (RR[O:F]) 
$YFFD1F 

$YFFD2o- TRANSMIT RAM (TR[O:F]) 
$YFFD3F 

$YFFD4o- COMMAND RAM (CR[O:F]) 
$YFFD4F 

0.6.1 QMCR - QSM Configuration Register $YFFCOO 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I STOP I FAl1 1 FRZO 1 0 1 0 1 0 1 0 1 0 1 SUPV 1 0 1 0 I 0 I IARB 

RESET: 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

QMCR bits enable stop and freeze modes, and determine the arbitration priority 
of QSM interrupt requests. 

STOP - Stop Enable 
o = Normal QSM clock operation 
1 = QSM clock operation stopped 

When STOP is set, the QSM enters low-power stop mode. System clock input to 
the module is disabled. While STOP is asserted, only QMCR reads are guaranteed 
to be valid, but writes to QSPI RAM or any register are guaranteed valid. STOP is 
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set during reset. The SCI receiver and transmitter must be disabled before STOP 
is set. To stop the aSPI, set the HALT bit in SPCR3, wait until the HAlTA flag is 
set, then set STOP. 

FRZ[1 :0]- Freeze Control 
o -= Ignore the FREEZE signal on the 1MB 
1 -= Halt the aSPI (on a transfer boundary) 

FRZ1 determines what action is taken by the aSPI when the FREEZE signal of the 
1MB is asserted. FREEZE is asserted whenever the CPU enters background mode. 
FRZO is reserved for future use. 

Bits [12:8]- Not Implemented 

SUPV - Supervisor/Unrestricted 
Because the CPU16 in the MC68HC16Z1 operates only in supervisor mode, this 
bit has no effect. 

Bits [6:4]- Not Implemented 

IARB - Interrupt Arbitration 
Each module that generates interrupts must have an IARB value. IARB values are 
used to arbitrate between interrupt requests of the same priority. 

0.6.2 QTEST - aSM Test Register $YFFC02 
Used for factory test only. 

0.6.3 QILR - aSM Interrupt level Register $YFFC04 
$YFFC05 

15 

0 I 
RESET: 

0 

QIVR - aSM Interrupt Vector Register 

14 13 12 11 10 9 8 7 6 5 4 3 2 o 
0 ILQSPI ILSCI INTV 

0 0 0 0 0 0 0 0 0 0 o 

The values of the IlaSPI and IlSCI fields in allR determine the priority of aSPI 
and SCI interrupt requests. alVR determines the value of the interrupt vector 
number the aSM supplies when it responds to an interrupt acknowledge cycle. 
At reset, alVR is initialized to vector number $OF, the uninitialized interrupt 
vector number. To use interrupt-driven serial communication, a user-defined 
vector number must be written to alVR. 

MC68HC16Z1 
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ILQSPI - Interrupt Level for QSPI 
When an interrupt request is made, ILQSPI value determines which of the interrupt 
request signals is asserted; when a request is acknowledged, the QSM compares 
this value to a mask value supplied by the CPU16 to determine whether to 
respond. ILQSPI must have a value in the range $0 (lowest priority) to $7 (highest 
priority). 

ILSCI - Interrupt Level for SCI 
When an interrupt request is made, ILSCI value determines which of the interrupt 
request signals is asserted. When a request is acknowledged, the QSM compares 
this value to a mask value supplied by the CPU16 to determine whether to 
respond. The field must have a value in the range $0 (lowest priority) to $7 
(highest priority). 

If ILQSPI and ILSCI have the same nonzero value, and both submodules 
simultaneously request interrupt service, the QSPI has priority. 

INTV[7:0] - Interrupt Vector Number 
The values of INTV[7:1] are the same for both QSPI and SCI interrupt requests; the 
value of INTVO used during an interrupt acknowledge cycle is supplied by the 
QSM. INTVO is at logic level zero during an SCI interrupt and at logic level one 
during a QSPI interrupt. A write to INTVO has no effect. Reads of INTVO return a 
value of one. 

0.6.4 PORTQS - Port QS Data Register $YFFC15 
15 876 5 4 3 2 1 0 

RESERVED I POS7 I PQS6 I PaSS I P0S4 I P0S3 I P0S2 I POS1 I PQSO I 
RESET: 

o 0 0 0 0 0 0 0 

PORTQS latches I/O data. Writes drive pins defined as outputs. Reads return 
data present on the pins. To avoid driving undefined data, first write a byte to 
PORTQS, then configure DDRQS. 

0.6.5 PQSPAR - Pin Assignment Register 

OORQS - Data Direction Register 

$YFFC16 
$YFFC17 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
POSPAR DDRQS 

RESET: 
o 0 o o 0 o o o o o o o 0 o o o 

Clearing a bit in PQSPAR assigns the corresponding pin to general-purpose 
I/O; setting a bit assigns the pin to the QSPI. PQSPAR does not affect operation 
of the SCI. DDRQS determines whether pins are inputs or outputs. Clearing a 
bit makes the corresponding pin an input; setting a bit makes the pin an output. 
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DDRas affects both aSPI function and I/O function. DDRaS determines the 
direction of the TXD pin only when the SCI transmitter is disabled. When the 
SCI transmitter is enabled, the TXD pin is an output. 

0.6.6 SPCRO - aSPI Control Register 0 $VFFC18 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I MSTRlwOMg BITS I CPOL I CPHA I BR 
RESET: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SPCRO contains parameters for configuring the aSPI and enabling various 
modes of operation. The CPU has read/write access to SPCRO, but the aSM 
has read access only. SPCRO must be initialized before aSPI operation 
begins. Writing a new value to SPCRO while the aSPI is enabled disrupts 
operation. 

MSTR - Master/Slave Mode Select 
0= aSPI is a slave device. 
1 = aSPI is system master. 

WOMQ - Wired-OR Mode for QSPI Pins 
o = Outputs have normal MOS drivers. 
1 = Pins designated for output by DDRQS have open-drain drivers. 

BITS - Bits Per Transfer 
The BITS field determines the number of serial data bits transferred. 

CPOL - Clock Polarity 
o = The inactive state value of SCK is logic level zero. 
1 = The inactive state value of SCK is logic level one. 

CPHA - Clock Phase 
0= Data captured on the leading edge of SCK and changed on the following 

edge of SCK. 
1 = Data is changed on the leading edge of SCK and captured on the following 

edge of SCK. 

SPBR - Serial Clock Baud Rate 
aSPI Baud rate is selected by writing a value from 2 to 255 into SPBR. Giving BR a 
value of zero or one disables SCK (disable state determined by CPOL). At reset, 
BAUD is initialized to a 2.1-MHz SCK frequency. 

MC68HC16Z1 
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0.6.7 SPCR1 - aSPI Control Register 1 
15 14 13 12 11 10 

I SPE I DSCKL 
RESET: 
00000 

9 8 

o o 

7 

o 

6 5 4 3 
DTL 

o o o 0 

2 

$YFFC1A 
o 

o o 

SPCR1 enables the aSPI and specified transfer delays. The CPU has 
read/write access to SPCR1, but the aSM has read access only to all bits but 
enable bit SPE. SPCR1 must be written last during initialization because it 
contains SPE. Writing a new value to SPCR1 while the aSPI is enabled 
disrupts operation. 

SPE - aSPI Enable 
o = aSPI is disabled. aSPI pins can be used for general-purpose I/O. 
1 = aSPI is enabled. Pins allocated by paSPAR are controlled by the asp!. 

DSCKL - Delay before SCK 
When the DSCK bit in command RAM is set, this field determines the length of 
delay from PCS valid to SCK transition. PCS may be any of the four peripheral 
chip-select pins. 

DTL - Length of Delay after Transfer 
When the DT bit in command RAM is set, this field determines the length of delay 
after serial transfer. 

0.6.8 SPCR2 - aSPI Control Register 2 $YFFC1C 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

ISPIFIE I WREN I WRTOI 0 ENOOP 0 I 0 I 0 I 0 I NEWQP 
RESET: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SPCR2 contains aSPI queue pointers, wraparound mode control bits, and an 
interrupt enable bit. The CPU has read/write access to SPCR2, but the aSM 
has read access only. SPCR2 is buffered - new SPCR2 values become 
effective only after completion of the current serial transfer. Rewriting NEWap 
in SPCR2 causes execution to restart at the designated location. SPCR2 reads 
return the value of the register, not the buffer. 

SPIFIE - SPI Finished Interrupt Enable 
o = aSPI interrupts disabled 
1 = aSPI interrupts enabled 
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WREN - Wrap Enable 
0= Wraparound mode disabled 
1 = Wraparound mode enabled 

WRTO - Wrap To 
o =: Wrap to painter address $0 
1 =: Wrap to address in NEWQP 

Bit 12 - Not Implemented 

ENDQP - Ending Queue Pointer 
This field contains the last QSPI queue address. 

Bits [7:4] - Not Implemented 

NEWQP - New Queue Pointer Value 
This field contains the first QSPI queue address. 

0.6.9 SPCR3 - QSPI Control Register 3 

SPSR - QSPI Status Register 
15 14 13 12 11 10 9 8 7 6 5 4 

o 0 I 0 0 0 I LOOPO I HMIE I HALT I SPIF I I.«)OF I HALTAI 0 
RESET: 

o o o o o o o o o o o o 

3 

o 

$YFFC1E 
$YFFC1F 

2 1 o 
CPTOP 

o o o 

SPCR3 contains the loop mode enable bit, halt and mode fault interrupt 
enables, and the halt control bit. The CPU has read/write access to SPCR3, but 
the QSM has read access only. SPCR3 must be initialized before QSPI 
operation begins. Writing a new value to SPCR3 while the QSPI is enabled 
disrupts operation. SPSR contains information concerning the current serial 
transmission. Only the QSPI can set bits in SPSR. The CPU reads SPSR to 
obtain QSPI status information and writes it to clear status flags. 

Bits [15:11] - Not Implemented 

LOOPQ - QSPI Loop Mode 
o = Feedback path disabled 
1 = Feedback path enabled 

HMIE - HALTA and MODF Interrupt Enable 
o =: HAL TA and MODF interrupts disabled 
1 = HALT A and MODF interrupts enabled 

HALT- Halt 
o = Halt not enabled 
1 = Halt enabled 
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SPIF - QSPI Finished Flag 
o = QSPI not finished 
1 = QSPI finished 

MODF - Mode Fault Flag 
o = Normal operation 
1 = Another SPI node requested to become the network SPI master while the 

QSPI was enabled in master mode (SS input taken low). 

HAL TA - Halt Acknowledge Flag 
o = QSPI not halted 
1 = aSPI halted 

Bit 4 - Not Implemented 

CPTQP - Completed Queue Pointer 
CPTQP points to the last command executed. It is updated when the current 
command is complete. When the first command in a queue is executing, CPTap 
contains either the reset value ($0) or a pOinter to the last command completed in 
the previous queue. 

D.6.10 RR[O:F] - Receive Data Ram $YFFDOO-$YFFDOE 
Data received by the aSPI is stored in this segment. The CPU reads this 
segment to retrieve data from the QSPI. Data stored in receive RAM is right­
justified. Unused bits in a receive queue entry are set to zero by the aSPI upon 
completion of the individual queue entry. The CPU can access the data using 
byte, word, or long-word addressing. 

D.6.11 TR[O:F] - Transmit Data Ram $YFFD20-$YFFD3E 
Data that is to be transmitted by the aSPI is stored in this segment. The CPU 
normally writes one word of data into this segment for each queue command to 
be executed. 

Information to be transmitted must be written to transmit data RAM in a right­
justified format. The aSPI cannot modify information in the transmit data RAM. 
The aSPI copies the information to its data serializer for transmission. 
Information remains in transmit RAM until overwritten. 
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0.6.12 CR[O:F] - Command RAM 
7 6 5 4 

CONT I BITSE I DT I DSCK 

- - - -

CONT I BITSE I DT I DSCK 

COMMAND CONTROL 

·The PCSO bit represents the dual-function PCSOtSS. 

3 

I PCS3 I 
-

I PCS3 I 

2 
PCS2 

-

PCS2 

$YFF040-$YFF04F 
o 

I PCS1 I pcso· 

- -

I PCS1 I pcso· 

PERIPHERAL CHIP SELECT 

Command RAM is used by the aSPI when in master mode. The CPU writes 
one byte of control information to this segment for each aSPI command to be 
executed. The aSPI cannot modify information in command RAM. 

Command RAM consists of 16 bytes. Each byte is divided into two fields. The 
peripheral chip-select field enables peripherals for transfer. The command 
control field provides transfer options. 

A maximum of 16 commands can be in the queue. aueue execution proceeds 
from the address in NEWap through the address in ENDap (both of these fields 
are in SPCR2). 

PCS[3:0] - Peripheral Chip Select 
Peripheral chip-select bits are used to select an external device for serial data 
transfer. More than one peripheral chip select may be activated at a time, and 
more than one peripheral chip may be connected to each PCS pin, provided 
proper fanout is observed. PCSO shares a pin with the slave select SS signal, 
which initiates slave mode serial transfer. If SS is taken low when the aSPI is in 
master mode, a mode fault occurs. 

CONT - Continue 
o = Control of chip selects returned to aPDR after transfer is complete. 
1 = Peripheral chip selects remain asserted after transfer is complete. 

BITSE - Bits per Transfer Enable 
0= 8 bits 
1 = Number of bits set in BITS field of SPCRO 

DT - Delay after Transfer 
The aSPI provides a variable delay at the end of serial transfer to facilitate 
interfacing with peripherals that have a latency requirement. The delay between 
transfers is determined by the SPCR1 DTL field. 

DSCK - PCS to SCK Delay 
o = PCS valid to SCK transition is one-half SCK. 
1 = SPCR1 DSCKL field specifies delay from PCS valid to SCK. 
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0.6.13 SCCRO - SCI Control Register 0 $YFFC08 
15 14 13 12 11 10 9 8 765 4 3 2 o 

I 0 I 0 0 SCBR 
RESET: 

o o o o o o o o o o o o o o o 

SCCRO contains the SCI baud rate selection field. Baud rate must be set 
before the SCI is enabled. The CPU can read and write SCCRO at any time. 
Changing the value of SCCRO bits during a transfer operation can disrupt 
operation. 

Bits [15:13] - Not Implemented 

SCBR - SCI Baud Rate 
SCI baud rate is programmed by writing a 13-bit value to this field. Writing a value 
of zero to SCBR disables the baud rate generator. Baud clock rate is calculated as 
follows: 

SCI Baud Clock Rate = System Clock/(32SCBR) 

0.6.14 SCCR1 - SCI Control Register 1 $YFFCOA 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I 0 I LOOPS I WOMS I ILT PT PE M I WAKE I TIE TCIE I AlE ILIE TE R: I RWU I SBK I 
RESET: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SCCR1 contains SCI configuration parameters, including transmitter and 
receiver enable bits, interrupt enable bits, and operating mode enable bits. The 
CPU can read and write SCCRO at any time. The SCI can modify the RWU bit 
under certain circumstances. Changing the value of SCCR1 bits during a 
transfer operation can disrupt operation. 

Bit 15 - Not Implemented 

LOOPS - Loop Mode 
o = Normal SCI operation, no looping, feedback path disabled 
1 = Test SCI operation, looping, feedback path enabled 

WOMS - Wired-OR Mode for SCI Pins 
0= If configured as an output, TXD is a normal CMOS output. 
1 = If configured as an output, TXD is an open-drain output. 

IL T - Idle-Line Detect Type 
o = Short idle-line detect (start count on first one) 
1 = Long idle-line detect (start count on first one after stop bit(s)) 

MOTOROLA 

D-42 
APPENDIX D 

REGISTER SUMMARY 

MC68HC16Z1 

USER'S MANUAL 



PT - Parity Type 
a = Even parity 
1 = Odd parity 

PE - Parity Enable 
a = SCI parity disabled 
1 = SCI parity enabled 

M - Mode Select 
a = 1 a-bit SCI frame 
1 = 11-bit SCI frame 

WAKE - Wakeup by Address Mark 
a = SCI receiver awakened by idle-line detection 
1 = SCI receiver awakened by address mark (last bit set) 

TIE - Transmit Interrupt Enable 
a = SCI TORE interrupts inhibited 
1 = SCI TORE interrupts enabled 

TCIE - Transmit Complete Interrupt Enable 
a = SCI TC interrupts inhibited 
1 = SCI TC interrupts enabled 

RIE - Receiver Interrupt Enable 
o = SCI RORF and OR interrupts inhibited 
1 = SCI RORF and OR interrupts enabled 

ILiE - Idle-Line Interrupt Enable 
a = SCI IDLE interrupts inhibited 
1 = SCI IDLE interrupts enabled 

TE - Transmitter Enable 
a = SCI transmitter disabled (TXO pin may be used as I/O) 
1 = SCI transmitter enabled (TXO pin dedicated to SCI transmitter) 

RE - Receiver Enable 
a = SCI receiver disabled (status bits inhibited) 
1 = SCI receiver enabled 

RWU - Receiver Wakeup 
a = Normal receiver operation (received data recognized) 
1 = Wakeup mode enabled (received data ignored until awakened) 

SBK - Send Break 
a = Normal operation 
1 = Break frame(s) transmitted after completion of current frame 
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0.6.15 SCSR - SCI Status Register $YFFCOC 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

RESET: 
o 

NOT USED I TORE I Te I RDRF I RAF I IDLE I a:l N' FE PI' 

o o o o o o o o o o o o o 

SCSR contains flags that show SCI operating conditions. These flags are 
cleared either by SCI hardware or by a CPU read/write sequence. The 
sequence consists of reading SCSR, then reading or writing SCDR. 

If an internal SCI signal for setting a status bit comes after the CPU has read the 
asserted status bits, but before the CPU has written or read SCDR, the newly 
set status bit is not cleared - SCSR must be read again with the bit set, and 
SCDR must be written or read before the status bit is cleared. 

A long-word read can consecutively access both SCSR and SCDR. This action 
clears receive status flag bits that were set at the time of the read, but does not 
clear TDRE or TC flags. Reading either byte of SCSR causes all 16 bits to be 
accessed, and any status bit already set in either byte will be cleared on a 
subsequent read or write of register SCDR. 

TDRE - Transmit Data Register Empty 
o = Register TDR still contains data to be sent to the transmit serial shifter. 
1 = A new character may now be written to register TDR. 

TC - Transmit Complete 
0= SCI transmitter is busy. 
1 = SCI transmitter is idle. 

RDRF - Receive Data Register Full 
o = Register RDR is empty or contains previously read data. 
1 = Register RDR contains new data. 

RAF - Receiver Active 
o = SCI receiver is idle. 
1 = SCI receiver is busy. 

IDLE -Idle-Line Detected 
o = SCI receiver did not detect an idle-line condition. 
1 = SCI receiver detected an idle-line condition. 

OR - Overrun Error 
o = RDRF is cleared before new data arrives. 
1 = RDRF is not cleared before new data arrives. 

MOTOROLA 

D-44 
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NF - Noise Error 
o = No noise detected on the received data. 
1 = Noise occurred on the received data. 

FE - Framing Error 
1 = Framing error or break occurred on the received data. 
o = No framing error on the received data. 

PF - Parity Error 
1 = Parity error occurred on the received data. 
o = No parity error on the received data. 

0.6.16 SCOR - SCI Data Register $YFFCOE 
15 14 13 12 11 10 9 S 7 6 5 4 3 2 1 0 

/ 0 / 0 0 / 0 / 0 / 0 / 0 ! RSfTS ! R7JT7/ R6/T6! R5/T5/ R4/T4! R3/T3! R2fT2 ! R11T1 ! RO/TO ! 
RESET: 

o o o o o o o u u u u u u u u u 

SCDR consists of two data registers at the same address. RDR is a read-only 
register that contains data received by the SCI serial interface. Data comes into 
the receive serial shifter and is transferred to RDA. TDR is a write-only register 
that contains data to be transmitted. Data is first written to TDR, then transferred 
to the transmit serial shifter, where additional format bits are added before 
transmission. R[7:0]IT[7:0] contain either the first eight data bits received when 
SCDR is read, or the first eight data bits to be transmitted when SCDR is written. 
R8IT8 are used when the SCI is configured for 9-bit operation. When it is 
configured for 8-bit operation, they have no meaning or effect. 

MC68HC16Z1 
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Table 0-7. MC68HC16Z1 Module Address Map 
(Assumes SIMCR MM = 1) 

Address 15 

$FFF700 

$FFF702 

$FFF704 

$FFF706 

$FFF708 

$FFF70A 

$FFF70C 

$FFF70E 

$FFF710 

$FFF712 

$FFF714 

$FFF716 

$FFF718 

$FFF71A 

$FFF71C 

$FFF71E 

$FFF720 

$FFF722 

$FFF724 

$FFF726 

$FFF728 

$FFF72A 

$FFF72C 

$FFF72E 

$FFF730 

$FFF732 

$FFF734 

$FFF736 

$FFF738 

$FFF73A 

$FFF73C 

$FFF73E 

ADC 

817 

MODULE CONFIGURATION (ADCMCR) 

FACTORY TEST (ADTEST) 

(RESERVED) 

PORTADA DATA (PORTADA) 

(RESERVED) 

ADC CONTROL 0 (ADCTLO) 

ADCCONTROL 1 (ADCTL1) 

ADC STATUS (ADSTAT) 

RIGHT .JUSTIFIED UNSIGNED RESULT 0 (RJURRO) 

RIGHT .JUSTIFIED UNSIGNED RESULT 1 (RJURR1) 

RIGHT .JUSTIFIED UNSIGNED RESULT 2 (RJURR2) 

RIGHT .JUSTIFIED UNSIGNED RESULT 3 (RJURR3) 

RIGHT .JUSTIFIED UNSIGNED RESULT 4 (RJURR4) 

RIGHT .JUSTIFIED UNSIGNED RESULT 5 (RJURR5) 

RIGHT .JUSTIFIED UNSIGNED RESULT 6 (RJURR6) 

RIGHT .JUSTIFIED UNSIGNED RESULT 7 (RJURR7) 

LEFT .JUSTIFIED SIGNED RESULT 0 (LJSRRO) 

LEFT .JUSTIFIED SIGNED RESULT 1 (LJSRR1) 

LEFT .JUSTIFIED SIGNED RESULT 2 (LJSRR2) 

LEFT .JUSTIFIED SIGNED RESULT 3 (LJSRR3) 

LEFT .JUSTIFIED SIGNED RESULT 4 (LJSRR4) 

LEFT .JUSTIFIED SIGNED RESULTS (LJSRR5) 

LEFT .JUSTIFIED SIGNED RESULT 6 (LJSRR6) 

LEFT .JUSTIFIED SIGNED RESULT 7 (LJSRR7) 

LEFT .JUSTIFIED UNSIGNED RESULT 0 (LJURRO) 

LEFT .JUSTIFIED UNSIGNED RESULT 1 (LJURR1) 

LEFT .JUSTIFIED UNSIGNED RESULT 2 (LJURR2) 

LEFT .JUSTIFIED UNSIGNED RESULT 3 (LJURR3) 

LEFT .JUSTIFIED UNSIGNED RESULT 4 (LJURR4) 

LEFT .JUSTIFIED UNSIGNED RESUL T 5 (LJURRS) 

LEFT .JUSTIFIED UNSIGNED RESULT 6 (LJURR6) 

LEFT .JUSTIFIED UNSIGNED RESULT 7 (LJURR7) 

APPENDIX D 
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Address 

$FFF900 

$FFF902 

$FFF904 

$FFFE06 

$FFF908 

$FFF90A 

$FFF90C 

$FFF90E 

$FFF910 

$FFF912 

$FFF914 

$FFF916 

$FFF918 

$FFF91A 

$FFF91C 

$FFF91E 

$FFF920 

$FFF922 

$FFF924 

$FFF926 

$FFF928 

$FFF92A 

$FFF92C 

$FFF92E 
$FFF93F 

MC68HC16Z1 

USER'S MANUAL 

GPT 

15 8 7 0 

GPT MODULE CONFIGURATION (GPTMCR) 

(RESERVED FOR TEST) 

INTERRUPT CONFIGURATION (ICR) 

PGP DATA DIRECTION (DDRGP) PGP DATA (PORTGP) 

OC1 ACTION MASK (OC1 M) OC1 ACTION DATA (OC1 D) 

TIMER COUNTER (TCNT) 

PA CONTROL (PACTL) PA COUNTER (PACNT) 

INPUT CAPTURE 1 (TIC1) 

INPUT CAPTURE 2 (TIC2) 

INPUT CAPTURE 3 (T1C3) 

OUTPUT COMPARE 1 (TOC1) 

OUTPUT COMPARE 2 (TOC2) 

OUTPUT COMPARE 3 (T0C3) 

OUTPUT COMPARE 4 (T0C4) 

INPUT CAPTURE 4IOUTPUT COMPARE 5 (T14I05) 

TIMER CONTROL 1 (TCTL 1) TIMER CONTROL 2 (TCTL2) 

TIMER MASK 1 (TMSK1) TIMER MASK 2 (TMSK2) 

TIMER FLAG 1 (TFLG1) TIMER FLAG 2 (TFLG2) 

FORCE COMPARE (CFORC) PWM CONTROL C (PWMC) 

PWM CONTROL A (PWMA) PWM CONTROL B (PWMB) 

PWM COUNT (PWMCNT) 

PWMA BUFFER (PWMBUFA) PWMB BUFFER (PWMBUFB) 

GPT PRESCALER (PRESCL) 

RESERVED 

APPENDIX D 
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II 
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Address 15 

$FFFAOO 

$FFFA02 

$FFFA04 

$FFFA06 

$FFFA08 

$FFFAOA 

$FFFAOC 

$FFFAOE 

$FFFA10 

$FFFA12 

$FFFA14 

$FFFA16 

$FFFA18 

$FFFA1A 

$FFFA1C 

$FFFA1E 

$FFFA20 

$FFFA22 

$FFFA24 

$FFFA26 

$FFFA28 

$FFFA2A 

$FFFA2C 

$FFFA2E 

$FFFA30 

$FFFA32 

$FFFA34 

$FFFA36 

$FFFA38 

$FFFA3A 

$FFFA3C 

$FFFA3E 

$FFFA40 

$FFFA42 

SIM 
8 7 0 

MODULE CONFIGURATION (SIMCR) 

FACTORY TEST (SIMTR) 

CLOCK SYNTHESIZER CONTROL (SYNCR) 

NOT USED RESET STATUS (RSR) 

MODULE TEST E (SIMTRE) 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED PORTE DATA (PORTEO) 

NOT USED PORTE DATA (PORTE1) 

NOT USED PORTE DATA DIRECTION (DDRE) 

NOT USED PORTE PIN ASSIGNMENT (PEPAR) 

NOT USED PORTF DATA (PORTFO) 

NOT USED PORTF DATA (PORTF1) 

NOT USED PORTF DATA DIRECTION (DDRF) 

NOT USED PORTF PIN ASSIGNMENT (PFPAR) 

NOT USED SYSTEM PROTECTION CONTROL 
(SYPCR) 

PERIODIC INTERRUPT CONTROL (PICR) 

PERIODIC INTERRUPT TIMING (PITR) 

NOT USED SOFTWARE SERVICE (SWSR) 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED NOT USED 

TEST MODULE MASTER SHIFT A (TSTMSRA) 

TEST MODULE MASTER SHIFT B (TSTMSRB) 

TEST MODULE SHIFT COUNT (TSTSC) 

TEST MODULE REPETITION COUNTER (TSTRC) 

TEST MODULE CONTROL (CREG) 

TEST MODULE DISTRIBUTED (DREG) 

NOT USED NOT USED 

NOT USED NOT USED 

NOT USED PORT C DATA (CSPDR) 

NOT USED 

APPENDIX D 
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Address 

$FFFA44 

$FFFA46 

$FFFA48 

$FFFA4A 

$FFFA4C 

$FFFA4E 

$FFFASO 

$FFFAS2 

$FFFA54 

$FFFAS6 

$FFFAS8 

$FFFASA 

$FFFASC 

$FFFASE 

$FFFA60 

$FFFA62 

$FFFA64 

$FFFA66 

$FFFA68 

$FFFA6A 

$FFFA6C 

$FFFA6E 

$FFFA70 

$FFFA72 

$FFFA74 

$FFFA76 

$FFFA78 

$FFFA7A 

$FFFA7C 

$FFFA7E 

MC68HC16Z1 

USER'S MANUAL 

15 

SIM (CONTINUED) 

8 7 

CHIP-SELECT PIN ASSIGNMENT (CSPARO) 

CHIP-SELECT PIN ASSIGNMENT (CSPAR1) 

CHIP-SELECT BASE BOOT (CSBARBT) 

CHIP-SELECT OPTION BOOT (CSORBT) 

CHIP-SELECT BASE 0 (CSBARO) 

CHIP-SELECT OPTION 0 (CSORO) 

CHIP-SELECT BASE 1 (CSBAR1) 

CHIP-SELECT OPTION 1 (CSOR1) 

CHIP-SELECT BASE 2 (CSBAR2) 

CHIP-SELECT OPTION 2 (CSOR2) 

CHIP-SELECT BASE 3 (CSBAR3) 

CHIP-SELECT OPTION 3 (CSOR3) 

CHIP-SELECT BASE 4 (CSBAR4) 

CHIP-SELECT OPTION 4 (CSOR4) 

CHIP-SELECT BASE S (CSBARS) 

CHIP-SELECT OPTION S (CSORS) 

CHIP-SELECT BASE 6 (CSBAR6) 

CHIP-SELECT OPTION 6 (CSOR6) 

CHIP-SELECT BASE 7 (CSBAR7) 

CHIP-SELECT OPTION 7 (CSOR7) 

CHIP-SELECT BASE 8 (CSBAR8) 

CHIP-SELECT OPTION 8 (CSOR8) 

CHIP-SELECT BASE 9 (CSBAR9) 

CHIP-SELECT OPTION 9 (CSOR9) 

CHIP-SELECT BASE 10 (CSBAR1 0) 

CHIP-SELECT OPTION 10 (CSOR10) 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

APPENDIX D 
REGISTER SUMMARY 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

0 
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Address 

$FFFBOO 

$FFFB02 

$FFFB04 

$FFFB06 

Address 

$FFFCOO 

$FFFC02 

$FFFC04 

$FFFCOS 

$FFFCoa 

$FFFCOA 

$FFFCOC 

$FFFCOE 

$FFFC10 

$FFFC12 

$FFFC14 

$FFFC16 

$FFFC18 

$FFFC1A 

$FFFC1C 

$FFFC1E 

$FFFC20-
$FFFCFF 

$FFFDOO-
$FFFD1F 

$FFFD20-
$FFFD3F 

$FFFD40-
$FFFD4F 

SRAM 

15 817 0 

RAM MODULE CONFIGURATION REGISTER (RAMMCR) 

RAM TEST REGISTER (RAMTST) 

RAM ARRAY BASE ADDRESS REGISTER HIGH (RAMBAH) 

RAM ARRAY BASE ADDRESS REGISTER LOW (RAMBAL) 

QSM 

15 81 7 0 

OSM MODULE CONFIGURATION (OSMCR) 

OSM TEST (OTEST) 

OSM INTERRUPT LEVEL (OUILR) 1 OSM INTERRUPT VECTOR (OIVR) 

RESERVED 

SCI CONTROL 0 (SCCRO) 

SCI CONTROL 1 (SCCR1) 

SCI STATUS (SCSR) 

SCI DATA (SCDR) 

RESERVED 

RESERVED 

RESERVED 1 POS DATA (PORTOS) 

POS PIN ASSIGNMENT (POSPAR) 1 POS DATA DIRECTION (DDROS) 

SPI CONTROL 0 (SPCRO) 

SPI CONTROL 1 (SPCR1) 

SPI CONTROL 2 (SPCR2) 

SPI CONTROL 3 (SPCR3) 1 SPI STATUS (SPSR) 

RESERVED 

RECEIVE RAM (RR[O:F]) 

TRANSMIT RAM (TR[O:F]) 

COMMAND RAM (CR[O:F]) 

APPENDIX D 
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Mnemonic 

ADDR[15:3) 

AVEC 

BITS 

BITSE 

BLKSZ 

BME 

BMT[1:0] 

BYTE 

C 

CCFl7:0] 

CCTR[2:0] 

CONT 

CPHA 

CPOL 

CPROUT 

CPR[2:0] 

CPTQP 

CRIO:F] 

CSOR[0:10] 
--
DSACK 

DSCK 

DSCKL 

DT 

DTL 

EDGE[4:1] 

EDIV 

ENDQP 

EV 

EXOFF 

EXT 

F1A 

F1B 

FE 

FOC[5:1] 

FPWMA 

FPWMB 

MC68HC16Z1 

USER'S MANUAL 

Table 0-8. Register Bit and Field Mnemonics 

Name 

Base Address 

Autovector Enable 

Bits Per Transfer 

Bits Per Transfer Enable 

Block Size 

Bus Monitor External Enable 

Bus Mon~or Timing 

Upper/Lower Byte Option 

Carry Flag 

Conversion Complete Flags 

Conversion Counter 

Continue 

Clock Phase 

Clock Polarit~ 

Compare/Capture Unit Clock Output Enable 

Timer PrescalerlPCLK Select Field 

Completed Queue Pointer 

Command RAM 

ChiD Select ODtion Registers 

Data Strobe Acknowledge 

PCS to SCK Delay 

Delay before SCK 

Delay after Transfer 

Length of Delay after Transfer 

Input Capture Edge Control 

ECLK Divide Rate 

Ending Queue Pointer 

Extension Bit Overflow Flag 

External Clock Off 

External Reset 

Force Logic Level One on PWMA 

Force Logic Level One on PWMB 

Framing Error 

Force Output Compare 

Force PWMA Value 

Force PWMB Value 

APPENDIX D 

REGISTER SUMMARY 

Register Location 

CSBAR[0:10], CSBARBT 

CSOR[0:10), CSORBT 

SPCRO 

QSPI Command RAM 

CSBAR[0:10], CSBARBT 

SYPCR 

SYPCR 

CSOR[0:101, CSORBT 

CCR 

ADSTAT 

ADSTAT 

QSPI Command RAM 

SPCRO 

SPCRO 

TMSK2 

TMSK2 

SPSR 

QSPIRAM 

CSOR[0:101. CSORBT 

CSOR[0:10], CSORBT 

QSPI Command RAM 

SPCR1 

QSPI Command RAM 

SPCR1 

TCTL2 

SYNCR 

SPCA2 

CCR 

SIMCR 

RSR 

PWMC 

PWMC 

SCSR 

CFORC 

CFORC 

CFORC 

MOTOROLA 
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Table 0-8. Register Bit and Field Mnemonics (Continued) 

FRZBM 

FRZSW 

FRZ[1 :0] 

FRZ[1:0] 

FRZ[1:0] 

H 

HALT 

HALTA 

HLT 

HME 

HMIE 

14/05 

14/05F 

14/051 

IARB 

IARB[3:0] 

IARB[3:0] 

ICF[3:1] 

ICI[3:1] 

IDLE 

ILiE 

ILOSPI 

ILSCI 

ILT 

INCP 

INTV[7:01 

IPA 

IPL 

IPL 

IP[2:0j 

IVBA 

LJSRR 

LJURR 

LOC 

LOOPO 

LOOPS 

M 

MISO 

MISO 

MM 

MOTOROLA 
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Freeze Bus Monitor Enable 

Freeze Software Enable 

Freeze 

FREEZE Response 

Freeze Control 

Half Carry Flag 

Halt 

Halt Acknowledge Flag 

Halt Monitor Reset 

Halt Monitor Enable 

HAL TA and MODF Interrupt Enable 

Input Capture 410u~ut Compare 5 

Input Capture 410utput Compare 5 Flag 

14/05 Interrupt Enable 

Interrupt Arbitration 

Interrupt Arbitration 

Interrupt Arbitration Field 

Input Capture Flags 

Input Capture Interrupt Enable 

Idle-Line Detected 

Idle-Line Interrupt Enable 

Interrupt Level for OSPI 

Interrupt Level for SCI 

Idle-Line Detect Type 

Increment Prescaler 

Interrupt Vector Number 

Interrupt Priority Adiust 

Interrupt Priority Level 

Interrupt Priority Level 

Interrupt Priority Field 

Interrupt Vector Base Address 

Signed Left-Justified Result 

Unsigned Left-Justified Result 

Loss of Clock Reset 

OSPI Loop Mode 

Loop Mode 

Mode Select 

Master In Slave Out 

Master In Slave Out 

Module Mapping 

APPENDIX D 

REGISTER SUMMARY 

SIMCR 

SIMCR 

ADCMCR 

GPlMCR 

OSMCR 

CCR 

SPCR3 

SPSR 

RSR 

SYPCR 

SPCR3 

PACNT 

mG1 

TMSK1 

OSMCR 

GPlMCR 

SIMCR 

TFLG1 

TMSK1 

SCSR 

SCCR1 

OILR 

OILR 

SCCR1 

GPlMCR 

OIVR 

ICR 

CSOR[0:101. CSORBT 

ICR 

CCR 

ICR 

RSLTfO:71 

RSLTfO:71 

RSR 

SPCR3 

SCCR1 

SCCR1 

DDROS 

POSPAR 

SIMCR 

MC68HC16Z1 
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Table 0-8. Register Bit and Field Mnemonics (Continued) 

MODE 

MODF 

MOSI 

MOSI 

MSTR 

MULT 

MV 
N 

NEWQP 

NF 

OC1D[S:1] 

OC1M[5:l] 

OCF[4:1] 

OCI[4:l] 

OM[5:2] 

OL[S:2] 

OR 

PACLK[l :0] 

PAEN 

PAIF 

PAil 

PAIS 

PAMOD 

PAOVF 

PAOVI 

PCLKS 

PCSO/SS 

PCS[3:0] 

PCS[3:l] 

PE 

PEDGE 

PF 

PIRQL[2:0] 

PITM[7:0] 

PIV[7:0] 

PK[3:0] 

PORTQS 

POW 

PPROUT 

PPR[2:0] 

MC68HC16Z1 

USER'S MANUAL 

Asynchronous/Synchronous Mode 

Mode Fault Flaa 

Master Out Slave In 

Master Out Slave In 

MasterlSlave Mode Select 

Multichannel Conversion 

Accumulator M Overflow Flag 

Negative Flag 

New Queue Pointer Value 

Noise Error 

OCl Data 

OCl Mask 

Output Compare Flags 

Output Compare Interrupt Enable 

Output Compare Mode Bits 

Output Compare Level Bits 

Overrun Error 

Pulse Accumulator Clock Select (Gated Mode) 

Pulse Accumulator Enable 

Pulse Accumulator Flaa 

Pulse Accumulator Input Interrupt Enable 

PAl Pin State (Read Only) 

Pulse Accumulator Mode 

Pulse Accumulator Overflow Flaa 

Pulse Accumulator Overflow Interrupt Enable 

PCLK Pin State (Read Only) 

Peripheral Chip Select O/Slave Select 

Peripheral Chip Select 

Peripheral Chip Selects 

Parity Enable 

Pulse Accumulator Edge Control 

Parity Error 

Periodic Interrupt Request Level 

Periodic Interrupt Timing Modulus 

Periodic Interrupt Vector 

Program Counter Address Extension Field 

Port QS Data Register 

Power-Up Reset 

PWM Clock Output Enable 

PWM Prescaler/PCLK Select 

APPENDIX 0 
REGISTER SUMMARY 

CSOR[0:101, CSORBT 

SPSR 

DDROS 

PQSPAR 

SPCRO 

ADCTl1 

ern 
ern 

SPCR2 

SCSR 

OC1D 

OC1M 

TFLG1 

TMSK1 

TCTl1 

TCTl1 

SCSR 

PACNT 

PACNT 

TFLG2 

TMSK2 

PACNT 

PACNT 

TFLG2 

TMSK2 

PACNT 

PQSPAR 

QSPI command RAM 

PQSPAR 

SCCRl 

PACNT 

SCSR 

PICR 

PITR 

PICR 

ern 
QIVR 

RSR 

PWMC 

PWMC 

MOTOROLA 
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Table 0-8. Register Bit and Field Mnemonics (Continued) 

PRS[4:01 

PT 

PTP 

Riii 
RAF 

RASP[1:0] 

RDRF 

RE 

RES10 

RIE 

RJURR 

RLCK 

RR[O:F] 

RSTEN 

RWU 

S 

S8CM 

SBK 

SCAN 

SCBR 

SCF 

SCK 

SFA 

SFB 

SHEN[1:0j 

SLIMP 

SLOCK 

SLVEN 

SM 

SPACE 

SPBR 

SPE 

SPIF 

SPIFIE 

STEXT 

STOP 

STOP 

STOP 

STOP 

STOPP 

MOTOROLA 
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Prescaler Rate Selection 

Parity TyPE! 

Periodic Timer Pre scaler Control 

ReadIWrite 

Receiver Active 

RAM Array Space 

Receive Data Register Full 

Receiver Enable 

10-Bit Resolution 

Receiver Interrupt Enable 

Unsigned Right-Justified Result 

RAM Base Address Lock 

Receive Data Ram 

Reset Enable 

Receiver Wakeup 

STOP Enable 

Select Eight-Conversion Sequence Mode 

Send Break 

Scan Mode Selection 

SCI Baud Rate 

Sequence Complete Flag 

Serial Clock 

PWMA SlowlFast Select 

PWMB Slow/Fast Select 

Show Cycle Enable 

Limp Mode 

Synthesizer Lock 

Factorv Test Mode Enabled 

Saturate Mode Bit 

Address Space Select 

Serial Clock Baud Rate 

OSPI Enable 

OSPI Finished Flag 

SPI Finished Interrupt Enable 

Stop Mode External Clock 

STOP Mode 

Stop Clocks 

Stop Enable 

Stop Control 

Stop Prescaler 

APPENDIX D 
REGISTER SUMMARY 

ADClLO 

SCCR1 

PITR 

CSOR[O:101, CSORBT 

SCSR 

RAMMCR 

SCSR 

SCCR1 

ADClLO 

SCCR1 

RSLT[O:7] 

RAMMCR 

OSPIRAM 

SYNCR 

SCCR1 

CCR 

ADC1L1 

SCCR1 

ADC1L1 

SCCRO 

ADSTAT 

DDROS 

PWMC 

PWMC 

SIMCR 

SYNCR 

SYNCR 

SIMCR 

CCR 

CSOR[0:101, CSORBT 

SPCRO 

SPCR1 

SPSR 

SPCR2 

SYNCR 

ADCMCR 

GPTMCR 

OSMCR 

RAMMCR 

GPTMCR 

MC68HC16Z1 
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Table 0-8. Register Bit and Field Mnemonics (Continued) 

STRB 

STSIM 

STS[1 :0] 

SUPV 

SUPV 

SUPV 

SUPV 

SW 

SWE 

SWP 

SWT[1:01 

SYS 

lC 

TCIE 

TDRE 

TE 

TIE 

TOF 

TOI 

TR[O:Fl 

TST 

lXD 

V 

W 

WAKE 

WOMQ 

WOMS 

WREN 

WRTO 

X 

Y[5:0] 

Z 

[CD:CA] 

MC68HC16Z1 

USER'S MANUAL 

Address StrobelData Strobe 

Stop Mode System Integration Clock 

Sample Time Selection 

Supervisor/Unrestricted 

Supervisor/Unrestricted 

Supervisor/Unrestricted 

Supervisor/Unrestricted 

Software Watchdog Reset 

Software Watchdog Enable 

Software Watchdog Prescale 

Software Watchdog Timing 

System Reset 

Transmit Complete 

Transmit Complete Interrupt Enable 

Transmit Data Register Empty 

Transmitter Enable 

Transmit Interrupt Enable 

Timer Overflow Flag 

Timer Overflow Interrupt Enable 

Transmit Data Ram 

Test Submodule Reset 

Transmit Data 

Overflow Flaa 

Frequency Control (VCO) 

Wakeup by Address Mark 

Wired-OR Mode for OSPI Pins 

Wired-OR Mode for SCI Pins 

Wrap Enable 

Wrap To 

Frequency Control Bit (Prescale) 

Frequency Control (Counter) 

Zero Flag 

Channel Selection 

APPENDIX D 

REGISTER SUMMARY 

CSOR[0:101, CSORBT 

SYNCR 

ADCTLO 

ADCMCR 

GPTMCR 

OSMCR 

SIMCR 

RSR 

SYPCR 

SYPCR 

SYPCR 

RSR 

SCSR 

SCCR1 

SCSR 

SCCR1 

SCCR1 

TFlG2 

TMSK2 

OSPIRAM 

RSR 

DDROS 

CCR 

SYNCR 

SCCR1 

SPCRO 

SCCR1 

SPCR2 

SPCR2 

SYNCR 

SYNCR 

CCR 

ADCTL1 

MOTOROLA 
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II 
MOTOROLA 
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INDEX 

-A-

Abort ADC conversion sequence and halt 6-7 

Abort ADC conversion sequence and start new 

sequence 1-7 

Acceptable bus cycle terminations for asynchronous 

cycles 4-51 

Accumulators 5-3 

Accumulator A (A) 2-2, 5-3 

Accumulator B (B) 2-2, 5-3 

Accumulator 0 (D) 2-2, 5-3 

Accumulator E (E) 2-2, 5-3 

Accumulator M (AM) 2-2, 5-3 

Accumulator M overflow flag (MV) 2-2, 5-4 

Analog-to-Digital Converter Module (ADC) 6-1 

Analog input signals (AN[7:0]) 2-3, 3-5, 3-7, 

3-8,6-3 

Analog subsystem 6-5 

Buffer amplifier 6-6 

Bus interface unit (ABIU) 6-4 

Channels share buffer amplifier 6-6 

Clock and prescaler control 6-7 

Clock cycles required for sample period 6-8 

Clock derived from system clock 6-7 

Clock speed 6-8 

Comparator 6-7 

Control and status registers remain valid while 

frozen 6-5 

Control register 0 (ADCTLO) 6-7 

Control register 1 (ADCTL 1) 6-8 

Conversion channel 6-9 

Conversion control logic 6-9 

Conversion modes 6-9 

Conversion parameters 6-9 

Conversion time 6-14 

Conversions performed in sequences 6-9 

Differential and buffered data buses 6-3 
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Digital control subsystem 6-7 

Features 3-2 

Input channel sample capacitor 6-6 

Low-power stop mode 6-4 

Module base address 6-3 

Module configuration register (ADCMCR) 6-4 

Multiplexer 6-5 

Port A (PADA) 2-3 

Power connections (VDDA and VSSA) 2-4, 3-6, 

6-3 

Prescaler 6-7 

RC DAC array 6-6 

Reference voltage connections (VRH and VRL> 

2-4, 3-6, 6-3 

Resolution 6-8 

Resolution time 6-14 

Result changes while frozen 6-5 

Result registers (RSL T[O:7]) 6-16 

Result registers read from three addresses 6-16 

Status register (ADSTAT) 6-9 

Successive approximation register (SAR) 6-16 

Transfer and resolution require a minimum of 16 

adc clocks 6-14 

Transfer time 6-14 

Addition and subtraction instructions 5-14 

ADORO indicates byte offset from base address 4-25 

Address bus (ADDR[23:0J) 2-3, 3-5, 3-7, 3-8, 4-21, 

4-41,4-42,4-45 

Address bus convention 2-5 

Address extension 5-6 

Address extension fields 5-5 

Extended addressing extension field (EK) 2-2 

Index register X extension field (XK) 2-2 

Index register Y extension field (YK) 2-2 

Index register Z extension field (ZK) 2-2 

Program counter extension field (PK) 2-2, 5-5 
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Stack Pointer Extension Field (SK) 2-2, 5-5 

Address extension fields used in different types of 

access 5-6 

Address extension instructions 5-30 

Address extension register (K) 2-2 

Address space 3-10, 4-46, 4-88, 5-1 

Address space encoding 4-23, 5-3 

Address strobe (AS) 2-3, 3-5, 3-7, 3-8, 4-21, 4-39, 

4-41,4-42,4-45,4-90 

Address-mark wakeup 7-33 

Addresses effectively 20 bits wide 5-6 

Addressing modes 5-9 

Accumulator offset addressing mode 5-11 

Extended addressing modes 5-10 

Immediate addressing modes 5-10 

Indexed addressing modes 5-10 

Inherent addressing mode 5-10 

Post-modified index addressing mode 5-11 

Program counter relative addressing mode 9-2 

Relative addressing modes 5-11 

Aligned word 4-25 

Amount of data transferred by bus cycle 4-25 

Analog input pins (AN[7:0]) 3-5, 3-7, 3-8, 6-3 

Analog reference pins (VRH and VRL) 3-6, 6-3 

Analog supply pins (VOOA and VSSA) 3-6, 6-3 

Application of system and clock synthesizer power 

4-69 

Arbitration between interrupt requests 4-4 

Arbitration between simultaneous requests of the 

same priority 4-73 

Arbitration must always take place 4-74 

Arbitration scheme 4-74 

Asserted 2-5 

Asserting AVEC to terminate interrupt acknowledge 

cycle 4-79 

Assertion of BG is subject to constraints 4-57 

Assignable interrupt vectors 4-72 

Asynchronous bus cycles 4-21 

Asynchronous exceptions 5-63 

Asynchronous input hold times 4-38 

Asynchronous input setup time 4-38 

Automatic interrupt vectors 4-72 

Autovector number corresponds to interrupt priority 

level 4-79 
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Autovector signal (AVEC) 2-3, 3-5, 3-7, 3-8, 4-5, 

4-23,4-79 

INDEX 

Auxiliary timer clock input signal (PCLK) 3-5, 3-7, 

3-8,8-8 
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Background debugging mode (BOM) 5-37, 5-67 

Commands 5-68 

Serial interface 5-69 

Sources 5-67 

Background mode and null operations 5-37 

Bank switching 5-6 

Base address 3-11 

Base state of aSPI peripheral chip-select signal 7-23 

Basic instruction formats 5-58 

Basic operand size 4-25 

Basic system 4-19 

Baud rate 7-19 

Baud rate must be set before SCI is enabled 7-24 

BCO packing 5-7 

Binary coded decimal instructions 5-15 

Bit cleared 2-5 

Bit condition branch instructions 5-27 

Bit set 2-5 

Bit test and manipulation instructions 5-19 

Block of addresses enabled by a chip select 4-64 

Block size 4-85 

Boolean 0 2-5 

Boolean 1 2-5 

Boolean logic instructions 5-18 
-=-=-== Boot ROM chip-select signal (CSBOOT) 2-3, 3-5, 

3-7,3-8,4-63,4-95 

Boot ROM port size 4-63 

Boot ROM select signal automatically asserted out of 

reset 4-82 

Bootstrap operation 4-85, 4-95 

Break frame 7-28, 7-31 

Breakpoint 5-66 

Breakpoint acknowledge cycle 4-46, 4-47, 4-49 

Breakpoint acknowledge cycle timing 4-49 

Breakpoint exception processing 4-47 

Breakpoint mode selection 4-64 

Breakpoint number field 4-47 
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Breakpoint operation 4-48 

Breakpoints initiate exception processing or 

background debugging 5-66 

Breakpoints on any memory access 5-66 

Breakpoints on instructions flushed from the 

pipeline 5-66 

Breakpoint source and type 4-47 

Breakpoint signal (BKPT) 2-3, 3-5, 3-7, 3-8, 4-47, 

5-66 

BKPT reset state affects subsequent assertions 

4-61 

Bus allocation for chip-select transfers 4--87 

Bus arbitration 4-53, 4-56, 4-58 

Bus arbitration control 4-57 

Bus arbitration protocols 4-54 

Bus arbitration requests 4-54 

Bus clock for MC6800 devices (ECLK) 4-18 

Bus cycle 4-38, 5-60 

Regular bus cycles 4-38, 4-39 

Required for operand accesses 5-60 

Required to prefetch instruction 5-60 

Not terminated 4-50 

Bus error 4-52 

Bus error condition 4-23 

Bus error exception processing 4-52 

Bus error while HALT is asserted 4-53 

Bus error signal (BERR) 2-3, 3-5, 3-7, 3-8, 4-23, 

4-39,4-40,4-50,4-51,4-53 

BERR does not force immediate exception 

processing 4-52 

BERR not detected until an instruction is 

complete 4-52 

Bus exception control cycles 4-50 

Bus grant 4-57 

Bus grant signal (BG) 2-3, 3-5, 3-7, 3-8, 4-55, 4-57 

BG asserted at end of operand transfer 4-55 

BG asserted in response to BR 4-55 

BG indicates bus is available 4-55 

Bus grant acknowledge 4-57 

Bus grant acknowledge signal (BGACK) 2-3, 3-5, 

3-7,3-8,4-55 

BGACK indicates bus mastership 4-55 

Bus loading can overcome data bus pull-up drivers 

4-62 
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Bus master 4-54, 4-56, 4-57 

Bus monitor 4-5, 4-6, 4-23, 4-39 

Monitor period 4-5 

Bus request 4-56 

Bus request signal (BR) 2-3, 3-5, 3-7, 3-8, 4-55, 

4-56,4-57 

BR asserted during a bus cycle or between 

cycles 4-55 

Bus signals 4-21 

Byte 5-7 

-c-
Carry flag (C) 2-2, 5-5 

CCR bits that are not initialized are not affected by 

reset 4-71 

Changes in program flow 5-60 

Changing SCI control bits can disrupt operation 7-24 

Chip selects 4-1, 4--80 

Assertion 4--81 

Base address register boot ROM (CSBARBT) 

4-85,4-95 

Base address registers (CSBAR) 4-84 

Block size 4--85 

Generates internal AVEC 4-89 

Logic and external interrupt acknowledge cycles 

4--89 

Operation 4-90 

Option register boot ROM (CSORBT) 4-95 

Option register function 4--86 

Option registers (CSOR) 4--86 

Option registers and internal DSACK 4-43 

Pin assignment registers (CSPAR) 4--83 

Pin data register (CSPDR) 4--89 

Pin functions 4--83 

Registers 4-82 

Reset operation 4-82,4-84,4-95 

Set up for CPU space access 4-88 

Signals (CS[1 0:0]) 2-3, 3-5, 3-7, 3-8, 4-95 

Synchronized to ECLK 4-87 

Clear 2-5 

Clear, complement and negate instructions 5-18 

Clearing GPT status flags 8-7 

CLKOUT signal 2-3, 3-5, 3-7, 3-8, 4-12 

Clock, system 4-10 
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Control 4-14, 4-19 

Mode select signal (MODCLK) 2-3, 3-5, 3-7, 

3-8,4-7,4-8,4-9 

Mode selection 4-64 

Operation during low-power stop 4-18 

Rate changes 4-10 

Rate during operation 4-10 

Reference from exrternal source 4-12 

Reference signal 4-12 

Signal duty cycle and period 4-12 

Signal from external source 4-11 

Sources 4-11 

Synthesizer operation 4-12 

Synthesizer power connection (VDDSYN) 2-4, 

3-6,4-12,4-69 

Coherency 4-57, 7-2 

Combined program and data spaces 3-13 

Combining opcode tracking with other capabilities 

5-66 

Command RAM 7-9 

Not used in slave mode 7-22 

Compare and test instructions 5-16 

Comparison of CPU16 and MC68HC11 instruction 

sets 5-55 

Compatibility with the MC68HC11 5-1 

Completed queue pointer (CPTOP) 7-10,7-21 

Completed queue pointer (CPTOP) 7-10,7-21 

Completion of a bus cycle 4-24 

Condition Code Register (CCR) 2-2, 5-4 

Condition code instructions 5-34 

Conditioning mode select signals 4-62 

Conditions for external bus mastership 4-55 

Connecting GPT multiplexer outputs to external pins 

8-10 

Content of ADC control and status registers remain 

valid while frozen 6-5 

Content of ADC result registers changes while frozen 

6-5 

Continuous AID conversion 6-9 

Control logic drives RESET pin low 4-68 

Control registers, location in memory map 3-11 

Conventions 2-5 

Conversion channel 6-9 

Conversion control logic 6-9 
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INDEX 

Conversion modes 6-9 

Conversion parameters 6-9 

CPU can set STOP bits in module configuration 

registers 4-18 

CPU space 4-22, 4-73 

CPU space address encoding 4-46 

CPU space cycles 4-46 

CPU space type field 4-76 

CPU treats external interrupt requests as SIM 

interrupts 4-72 

Central Processing Unit (CPU16) 5-1 

Execution model 5-58 

Execution process 5-60 

Execution unit 5-58, 5-59 

Features 3-1 

Indexed addressing mode replaces HC11 direct 

mode 5-11 

Initiates OSPI operation 7-10 

Microsequencer 5-58, 5-59 

Register mnemonics 2-2 

Register model 5-2 

Supports one source and type of breakpoint 4-47 

CSBOOT automatically asserted out of reset 4-82 

-D-

DATA mnemonic 2-5 

Data and size acknowledge signals (DSACK[1 :0)) 

2-3,3-5,3-7,3-8,4-23,4-5,4-34to4-51,4-

74,4-90 

Effect of DSACK signals 4-24 

Data bus mode selection 4-62, 4-63 

Data bus signals (DATA[15:0)) 2-3, 3-5, 3-7, 3-8, 

4-21,4-43 

Data frame 7-28 

Data in OSPI receive RAM right-justified 7-8 

Data lines have weak internal pull-up drivers 4-62 

Data movement instructions 5-11 

Data strobe signal (OS) 2-3, 3-5, 3-7, 3-8, 4-22, 

4-39,4-41,4-45,4-59,4-90 

OS assertion during fast termination read cycles 

4-44 

Data types 5-6 

4-bit bank address 5-6 

4-bit signed integers 5-6 
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8-bit signed and unsigned integers 5-6 

8-bit, 2-digit binary coded decimal numbers 5-6 

16-bit byte address 5-6 

16-bit fractions 5-6 

16-bit signed fractions 5-6 

20-bit addresses 5-6 

20-bit effective address 5-6 

32-bit signed and unsigned integers 5-6 

32-bit signed fractions 5-6 

36-bit signed fixed-point numbers 5-6 

Decrement and increment instructions 5-17 

Delay after aSPI peripheral chip-select assertion 

7-19 

Delay after aSPI transfer 7-20 

Delay before assertion of aSPI serial clock 7-19 

Delay between aSPI transfers 7-20 

Deskewing signals ~8 

Deterministic opcode tracking 5-65 

Development support 5-65 

Development serial clock signal (DSCLK) 2-3, 

3-5,3-7,3-8,5-69 

Development serial input signal (OS I) 2-3, 3-5, 

3-7,3-8,5-69 

Development serial output signal (DSO) 2-3, 3-5, 

3-7,3-8,5-69 

Digital signal processing 5-71 

Digital signal processing instructions 5-34 

Division instructions 5-16 

Double bus fault 4-52 

Occurs in two ways 4-52 

Driver types 3-6 

DSACK generator shared by chip-select circuits 4-81 

DSACK, BERR, and HALT assertion results 4-51 

Duty cycle of clock signals on OC1 and PWMA 8-10 

Duty cycle ratios of PWM channels 8--17 

Dynamic bus sizing 4-20, 4-24, 5-61 

-E-

EBI data multiplexer 4-25 

ECLK frequency 4-18 

Edge-detection logic 8--11, 8-13 

Effect of DSACK signals 4-24 

Effect of parity checking 7-30 

Enabling BDM 5-67 
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Enabling SCI parity affects number of data bits in 

frame 7-29 

End queue pointer (ENDOP) 7-10 

Entering BDM 5-68 

Event counting mode, pulse accumulator 8-16 

Exception 5-61 

Handler routine 5-61 

Priority 5-64 

Processing 4-60, 4-72, 5-61, 5-63, 5-64, 7-4, 

8-6 

Stack frame 5-62 

Vector3-11,5-61,7-4,8-6 

Vector number 4-73 

Vector table 5-61, 7-4, 8-6 

Vectors reside in data space 5-61 

Excessively long DSACK or AVEC response times 

4-5 

Exchange instructions 5-14 

Execution model 5-58 

Execution of LPSTOP instruction 4-50 

Execution process 5-60 

Execution unit 5-58, 5-59 

Extended addressing extension field (EK) 2-2 

Extended addressing modes 5-10 

Extension bit overflow flag (EV) 5-4 

Extension fields 5-6 

Extension words 5-68 

External address spaces 4-22 

External arbitration circuitry 4-55 

External bus 4-1 

Arbitration 4-20, 4--53, 4--54 

Clock signal (ECLK) 3-5,3-7,3-8,4-18 

Control logic ~9 

Cycle terminated by external AVEC 4-79 

Cycles 4-6 

Interface (EBI) 4-1, 4-19 

Monitor 4-6 

External bus master 4-55 

External crystal oscillator connections (EXTAL, 

XTAL)2-3,2-4,4-9 

External device asserts BERR 4--50 

External device asserts RESET 4-68 

External device must decode interrupt mask value 

4-74 
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External exceptions 5-63 

External filter capacitor pin (XFC) 2-4, 4-12 

External interrupt request 4-4, 4-72, 4-74 

External interrupt requests treated as SIM interrupts 

4-72 

External loading can overcome data bus pull-up 

drivers 4-62 

External logic on input/output or output-only pins 

4-69 

External low-leakage capacitor for system clock 

synthesizer 4-12 

External peripheral power connetions (VDDE and 

VSSE)2-4 

External peripheral power pins (VDDE, VSSE) 2-4 

External pull-up resistor on lXD pin 7-30 

External RESET line asserted until clock synthesizer 

PLL locks 4-69 

External system clock reference signal 4-12 

External system clock signal 4-12 

Externally generated DSACK 4-43 
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Factory test mode 4-5 

Factory test mode arbitration 4-59 

Fast termination cycles 4-38, 4-43, 4-45 

Encoding 4-88 

Read cycle 4-45 

Write cycle 4-45 

First two portions of ADC sample periods require four 

clock cycles 6-8 

Forced output compare 8-15 

Format of ADC result depends on result register 

address 6-16 

Fractional multiplication and division 5-16 

Framing error 7-32 

Freeze mode 4-10, 7-4, 8-3 

Bus monitor 4-1 0 

Operation 4-10, 5-67 

Signal (FREEZE) 2-3, 4-10. 5-68, 6-10 

Software watchdog 4-10 

Function code signals (FC[2:0]) 2-3, 3-5, 3-7, 3-8, 

4-22,4-41,4-42,4-45,4-46,4-76 
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General-purpose 110 ports 

Port ADA signals (PADA[7:0]) 2-3, 3-5, 3-7, 

3-8,6-1 

Port C signals (PC[6:0J) 2-3, 3-5, 3-7, 3-8, 4-89 

Port C data register (CSPDR) 4-89 

Port C pin assignment register (CSPAR) 4-83 

Port E data direction register (DDRE) 4-96 

Port E data register (PORTE) 4-97 

Port E pin assignment register (PEPAR) 4-96 

Port E signals (PE[7:0]) 2-3, 3-5, 3-7, 3-8, 4-96 

Port F data direction register (DDRF) 4-96 

Port F data register (PORTF) 4-97 

Port F pin assignment register (PFPAR) 4-96 

Port F signals (PF[7:0]) 2-3, 3-5, 3-7, 3-8, 4-96 

Port GP data direction register (DDRGP) 8-8, 

8-15 

Port GP data register (PORTGP) 8-8 

Port GP signals (PGP[7:0j) 2-3, 3-5, 3-7, 3-8, 

8-8 

Port OS data direction register (DDROS) 7-5 

Port OS data direction register (DDROS) 7-18, 

7-22 

Port OS data register (PORTOS) 7-5 

Port OS pin assignment register (POSPAR) 7-5, 

7-18,7-22 

Port OS signals (POS[7:0j) 2-3, 3-5, 3-7, 3-8, 

7-5 

Port OS signals (POS[7:0j) 2-3, 3-5, 3-7, 3-8, 

7-5 

General-purpose timer (GPT) 8-1 

Activities in progress prior to FREEZE assertion 

8-4 

INDEX 

Capture/compare functions 8-11 

Counter can be read without affecting its value 

8-11 

Counter cannot be stopped during normal 

operation 8-11 

Debugging without BDM 8-4 

Edge-detection logic 8-11, 8-13 

Features 3-2 

Force compare register (CFORC) 8-15 

Freeze mode 8-3 

Input capture (IC) functions 8-11 
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Input pin synchronizers 8-3 

Interrupt requests asserted until status flag 

cleared 8-7 

Interrupt arbitration priority 8-6 

Interrupt configuration register (ICR) 8-6 

Interrupt priority hierarchy 8-7 

Interrupt sources 8-6 

Interrupts 8-5 

Low-power stop operation 8-3 

Module configuration register (GPTMCR) 8-3 

Multiplexer outputs connected to external pins 

8-10 

OC1 action data register (OC1D) 8-15 

OC1 action mask register (OC1M) 8-15 

Output compare (OC) functions 8-8, 8-11, 8-14 

Pin hysteresis 8-13 

Pin synchronizers 8-13 

Pins used for general-purpose 1/0 8-8 

Polled and interrupt-driven operation 8-4 

Port GP data register (PORTGP) 2-3 

Prescaler 8-9 

Prescaler can be read at any time 8-9 

Prescaler clock signal (PCLK) 2-3, 7-1, 7-8, 

7-9,7-11,7-16,7-19 

Prescaler driven by system clock 8-9 

Pulse-width modulation (PWM) unit 8-17 

Single-step mode 8-4 

Slow mode 8-17, 8-19 

Status flags 8-4, 8-5, 8-7, 8-13 

Timer control register 2 (TCTL2) 8-13 

Timer counter (TCNT) 8-1, 8-9, 8-11, 8-14 

Timer interrupt flag register 1 (TFLG1) 8-4, 8-5, 

8-13,8-14 

Timer interrupt flag register 2 (TFLG2) 8-4, 8-5, 

8-13, 8-14 

Timer interrupt mask register 1 (TMSK1) 8-4, 

8-5,8-13,8-14 

Timer interrupt mask register 2 (TMSK2) 8-4, 

8-5,8-9,8-11,8-16 

Timer prescaler 8-5 

-H­

Half-carry flag (H) 2-2, 5-4 

Halt monitor 4-6 
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Halt monitor reset 4-6 

Halt operation 4-53 

Halt signal (HALT) 2-3, 3-5, 3-7, 3-8, 4-39, 4-40, 

4-51,4-53,4-54 

HALT affects external bus cycles only 4-53 

HALT asserted while internal BERR asserted 

4-79 

HALT assertion causes single bus cycle 

operation 4-51 

HALT timing 4-54 

Handler routine 5-61 

Handshaking between MCU and external peripherals 

4-38 

HC11 instructions 5-55 

Idle frame 7-28 

Idle-line detection 7-32 

Idle-line wakeup 7-33 

-1-

Immediate addressing modes 5-10 

Implied radix point 5-7, 5-16 

Index register 5-3 

Index register X (IX) 2-2, 5-3 

Index register Y (IY) 2-2, 5-3 

Index register Z (IZ) 2-2, 5-3 

Index register X extension field (XK) 2-2 

Index register Y extension field (YK) 2-2 

Index register Z extension field (ZK) 2-2 

Indexed addressing modes 5-10 

Indexing Instructions 5-30 

Individual module STOP bits 4-18 

Inherent addressing mode 5-10 

Initial ADC sample and transfer times fixed at 2 cycles 

each 6-14 

Initial sample time 6-14 

Initiating SCI operation 7-21 

Input capture (IC) functions 8-11 

Edge transition 8-11 

Events asynchronous to GPT timer 8-13 

Functions operate independently 8-13 

Occurs every time selected edge is detected 

8-14 

Registers 8-7,8-13 

Signals (1C[1 :3]) 2-3, 3-5, 3-7, 3-8, 8-7 
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Signals are conditioned 8-13 

Input capture 4/output compare 5 register (IC4/0C5) 

8-15 

Input capture/output compare signal (IC4/0C5) 3-5, 

3-7,3-8,8-7 

Instruction extension words 5-68 

Instruction fetches 5-7 

Instruction format 5-57 

Instruction pipeline 4-47,5-24,5-26,5-27,5-29,5-

58,5-59 

State signals 3-5, 3-7, 3-8, 5-65 

Pipeline states 5-65 

Instruction pipeline signals (IPIPE[l :0)) 2-3 

Multiplexing 5-65 

Not usable in BDM 5-66 

Instruction set 5-11 

Instruction set abbreviations and symbols 5-54 

Instruction set summary 5-38 

Instruction timing 5-60 

Instruction types 5-58 

8-Bit Opcode with 4-Bit Index Extensions 5-58 

8-Bit Opcode with 8-Bit Operand 5-58 

8-Bit Opcode with 8-Bit Prebyte, Argument(s) 

5-58 

8-Bit Opcode with 8-Bit Prebyte, No Argument 

5-58 

8-Bit Opcode with 20-Bit Argument 5-58 

Instructions 

Addition and subtraction instructions 5-14 

Address extension instructions 5-30 

Binary coded decimal instructions 5-15 

Bit condition branch instructions 5-27 

Bit test and manipulation instructions 5-19 

Boolean logic instructions 5-18 

Clear, complement and negate instructions 5-18 

Compare and test instructions 5-16 

Condition code instructions 5-34 

Data movement instructions 5-11 

Decrement and increment instructions 5-17 

Digital signal processing instructions 5-34 

Exchange instructions 5-14 

Indexing instructions 5-30 

Interrupt instructions 5-23, 5-29 

Jump instructions 5-23, 5-28 
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INDEX 

Load instructions 5-12 

Long branch instructions 5-25 

Mathematic instructions 5-14 

Move instructions 5-12 

Multiplication instructions 5-16 

Program control instructions 5-23 

Shift and rotate instructions 5-20 

Short branch instructions 5-23 

Stack operation instructions 5-32 

Stack pointer instructions 5-32 

Stacking instructions 5-32 

Stop and wait instructions 5-36 

Store instructions 5-13 

Subroutine instructions 5-23, 5-28 

Transfer instructions 5-13 

Unary branch instructions 5-23, 5-25 

Instructions from previous stream removed from 

pipeline 5-60 

Interface signal timing constraints 4-38 

Intermodule bus 3-10 

Internal and external breakpoint signals 4-64 

Internal cycles continue when external bus is granted 

away 4-59 

Internal handshaking signals generated by chip­

select logic 4-43 

Internal loop 7-34 

Internal module power connections (VDDI and VSSI) 

2-4 
Internal or external frequency source 4-11 

Internal oscillator 4-11 

Internal phase-locked loop 4-11 

Internal pull-up drivers on data bus 4-62 

Internal register addresses 3-12 

Internal source asserts reset signal 4-68 

Interrupts 4-72 

Acknowledge cycle 4-46, 4-73, 4-77, 7-6 

Acknowledge cycle termination signals 4-76 

Acknowledge cycle timing 4-78 

Acknowledge using chip-select signal 4-94 

Arbitration 4-4, 4-73, 7-6 

Arbitration field (lARB) 4-4, 4-73 

Arbitration occurs during interrupt exception 

processing 4-6 

Asynchronous exception 4-72 
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Exception processing 4-72 

Handler routines 7-4, 7-7 

Instructions 5-23, 5-29 

Priority (IP) mask 2-2, 4-72, 4-89, 5-5, 5-11, 7-

4, 7~ 

Priority 4-72 

Processing summary 4-75 

Recognition 4-72 

Request4-4,4-72,4-74 

Request acknowledged but no IARB contention 

occurs 4-50 

Request circuitry has hysteresis 4-73 

Request signals (IRQ[7:1]) 2-3, 3-5, 3-7, 3-8, 

4-72, 7~ 

Requests 4-72 

Requests while halted 4-53 

Stack frame 5-11 

Vector number 4-74, 7-4,8-6 

Interrupt-driven GPT Operation 8-4 

IRQ7 is nonmaskable 4-73 

IRQ[6:1] are maskable 4-73 

-J-

Jump instructions 5-23, 5-28 

-L-

Least significant bit (LSB) 2-5 

Least significant word (LSW) 2-5 

Length of ADC conversion sequence 6-9 

Load instructions 5-12 

loading can overoome data bus pull-up drivers ~2 

Lock time 4-12 

Logic level one 2-5 

Logic level zero 2-5 

Long branch instructions 5-25 

Long idle-line detection 7-33 

Long word 5-7 

Loop oounters 5-17 

Loss of clock reference signal 4-19 

Low-power stop 4-50, 6-3, 7-4, 8-3, 9-2 

Low-power stop broadcast cycle 4-18, 4-46, 4-50 

Low-power stop used for GPT debugging 8-3 

LPSTOP instruction 5-38 
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Program counter relative addressing mode 9-2 

Programmable chip-select circuits 4-80 

Programmable interrupt timer clock signal (PITCLK) 

4-9 

Programmable serial transfer length 7-6 

Programming register model 2-2 
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Pulse accumulator 8-16 

Clock signal (PCLK) 2-3, 3-5, 3-7, 3-8, 8-16 
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Master mode operation 7-13 

Master mode wraparound 7-21 

Operating modes 7-11 
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Returning from BOM 5-69 
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Baud rate 7-29 
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7-31 
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Signed 32-bit fractions 5-7 

Signed 36-bit fixed-point numbers 5-7 

Signed branches 5-23, 5-25 

Signed left-justified conversion format 6-16 

Signed relative offset 5-27 

System Integration Module (81M) 4-1 

Assignable interrupt vectors 4-72 
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Freeze mode 4-10, 7-4, 8-3 
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Port E (PORTE) 2-3 
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Show cycles 4-4, 4-59 

Size signal encoding 4-22 
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Zero flag (z) 2-2, 5-4 
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