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Mnemonic Register
SCSR QSM SCI Status Register
SCSR[A:B] MCCI SCIA/B Status Registers [A:B]
SIGHI ROM Signature Register High
SIGLO ROM Signature Register Low
SIMCR SIM Module Configuration Register
SIMTR SIM Test Register
SIMTRE SIM Test Register E
SPCR MCCI SPI Control Register
SPCRJ[0:3] QSM SPI Control Registers [0:3]
SPDR MCCI SPI Data Register
SPSR QSM SPI Status Register
SPSR MCCI SPI Status Register
SWSR SIM Software Watchdog Service Register
SYNCR SIM Clock Synthesizer Control Register
SYPCR SIM System Protection Control Register
TCNT GPT Timer Counter Register
TCTL[1:2] GPT Timer Control Registers [1:2]
TFLG[1:2] GPT Timer Flag Registers [1:2]
T14/05 GPT Timer Input Capture 4/Output Compare 5 Register
TIC[1:3] GPT Timer Input Capture Registers [1:3]
TMSK[1:2] GPT Timer Mask Register [1:2]
TOCI1:4] GPT Timer Output Compare Registers [1:4]
TR[O:F] QSM Transmit RAM [0:F]
TSTMSRA SIM Test Module Master Shift Register A
TSTMSRB SIM Test Module Master Shift Register B
TSTRC SIM Test Module Repetition Count Register
TSTSC SIM Test Module Shift Count Register
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NOTES:
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Figure 3-6 MC68HC16Z4/CKZ4 Pin Assignments for 132-Pin Package
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Table 4-2 Instruction Set Summary (Continued)
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Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
BSR Branch to Subroutine (PK:PC)-20 PK:PC RELS8 36 rr 10 _ — = == = = —
Push (PC)
(SK:SP)-20 SK:SP
Push (CCR)
(SK:SP)-20 SK:SP
(PK: PC) + Offset 0 PK:PC
BvC2 Branch if Overflow If V =0, branch REL8 B8 s 6,2 - (= — |- - - =
Clear
BVS?2 Branch if Overflow Set If V =1, branch REL8 B9 s 6,2 - = == - - —
CBA Compare Ato B (A) - (B) INH 371B — 2 —_ = = A
CLR Clear a Byte in $000 M IND8, X 05 ff 4 — — — |0 1 0 O
Memory INDS8, Y 15 ff 4
INDS8, Z 25 ff 4
IND16, X 1705 gggg 6
IND16, Y 1715 0999 6
IND16, Z 1725 gggg 6
EXT 1735 hhll 6
CLRA Clear A $000 A INH 3705 — 2 — — — |0 1 0 O
CLRB Clear B $000 B INH 3715 — 2 — — — |0 1 0 O
CLRD Clear D $0000 0 D INH 27F5 — 2 — — — |0 1 0 O
CLRE Clear E $0000 0 E INH 2775 — 2 — — — |0 1 0 O
CLRM Clear AM $000000000 O AM[35:0] INH 27B7 — 2 o — 0 |- — — —
CLRW Clear a Word in $00000 M:M+1 IND16, X 2705 9999 6 — — — |0 1 0 O
Memory IND16, Y 2715 0999 6
IND16, Z 2725 gggg 6
EXT 2735 hhll 6
CMPA Compare A to Memory (A) - (M) IND8, X 48 ff 6 — — —|A A A A
INDS8, Y 58 ff 6
INDS8, Z 68 ff 6
IMM8 78 ii 2
IND16, X 1748 9999 6
IND16, Y 1758 gggg 6
IND16, Z 1768 9999 6
EXT 1778 hhll 6
E, X 2748 — 6
E Y 2758 — 6
E, Z 2768 — 6
CMPB Compare B to Memory (B) - (M) IND8, X Cc8 ff 6 — — —|A A A A
INDS8, Y D8 ff 6
INDS8, Z E8 ff 6
IMM8 F8 ii 2
IND16, X 17C8 9999 6
IND16, Y 17D8 gggg 6
IND16, Z 17E8 9999 6
EXT 17F8 hhll 6
E, X 27C8 — 6
E Y 27D8 — 6
E, Z 27E8 — 6
COM One’s Complement | $FF-(M)J M,orMO M | IND8, X 00 ff 8 — — —|a & 0 1
INDS, Y 10 ff 8
INDS, Z 20 ff 8
IND16, X 1700 0999 8
IND16, Y 1710 9999 8
IND16, Z 1720 0999 8
EXT 1730 hh Il 8
COMA One’s Complement A | $FF-(A)O A,orM O A INH 3700 — 2 — — —|Aa A 0 1
COMB | One's ComplementB | $FF-(B) O B,orB 0 B INH 3710 - 2 — — —|a o 0 1
COMD One’s Complement D |$FFFF - (D)J D,orD O D INH 27F0 — 2 — — —|A A 0 1
COME One’s Complement E | $FFFF - (E) 0 E,orEO E INH 2770 — 2 — — —|A A 0 1
COMW One’s Complement $FFFF-M:M+10 IND16, X 2700 9999 8 — — —|a A 0 1
Word M:M+1l,or(M:M+1)0 IND16, Y 2710 9999 8
M:M+1 IND16, Z 2720 gggg 8
EXT 2730 hhll 8
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
EDIVS Extended Signed (E: D)/ (IX) INH 3729 - 38 — — — —|a Ao A &
Integer Divide Quotient O IX
Remainder O D
EMUL Extended Unsigned (E)O(MD)0 E:D INH 3725 — 10 — — — —|A A — A
Multiply
EMULS Extended Signed (E)0MD)0 E:D INH 3726 — 8 - — — — A A — A
Multiply
EORA Exclusive OR A ADOMOA INDS8, X 44 ff 6 — — — —|A A 0 —
INDS, Y 54 ff 6
INDS8, Z 64 ff 6
IMM8 74 ii 2
IND16, X 1744 9999 6
IND16, Y 1754 9999 6
IND16, Z 1764 9999 6
EXT 1774 hhll 6
E, X 2744 — 6
E, Y 2754 — 6
E, Z 2764 — 6
EORB Exclusive OR B ®)0M)O B INDS8, X c4 ff 6 — — — —|A A 0O —
INDS8, Y D4 ff 6
INDS, Z E4 ff 6
IMM8 F4 ii 2
IND16, X 17C4 0999 6
IND16, Y 17D4 gggg 6
IND16, Z 17E4 0999 6
EXT 17F4 hhll 6
E, X 27C4 — 6
E, Y 27D4 — 6
E, Z 27E4 — 6
EORD Exclusive OR D (D)OM:M+1)0 D INDS8, X 84 ff 6 — — — —|[a o 0 —
INDS8, Y 94 ff 6
INDS, Z A4 ff 6
IMM16 37B4 ji kk 4
IND16, X 37C4 0999 6
IND16, Y 37D4 9999 6
IND16, Z 37E4 0999 6
EXT 37F4 hh Il 6
E, X 2784 — 6
E, Y 2794 — 6
E, Z 27A4 — 6
EORE Exclusive OR E E)YOM:M+1)0E IMM16 3734 ji kk 4 — — — —|[a o 0 —
IND16, X 3744 gggg 6
IND16, Y 3754 9999 6
IND16, Z 3764 gggg 6
EXT 3774 hh Il 6
FDIV Fractional D)/ (IX) O IX INH 372B — 22 —- — — —|— A A A
Unsigned Divide Remainder O D
FMULS Fractional Signed (E) O(D) O E:D[31:1] INH 3727 — 8 — — — —|A A A A
Multiply 00 D[O]
IDIV Integer Divide D)/ (1X) O 1X INH 372A — 22 — — — —|[— a 0 &
Remainder 0 D
INC Increment Memory (M)+$010 M IND8, X 03 ff 8 - — — — (A A A —
INDS8, Y 13 ff 8
IND8, Z 23 ff 8
IND16, X 1703 gggg 8
IND16, Y 1713 0999 8
IND16, Z 1723 gggg 8
EXT 1733 hhll 8
INCA Increment A (A)+$010 A INH 3703 — 2 - — — — A A A —
INCB Increment B (B)+$010 B INH 3713 — 2 - — — —|Aa A A —
INCW Increment Memory (M: M+ 1)+ $0001 IND16, X 2703 9999 8 — — — —|A A A —
Word OM:M+1 IND16, Y 2713 gggg 8
IND16, Z 2723 09999 8
EXT 2733 hhll 8
M68HC16 Z SERIES CENTRAL PROCESSING UNIT
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Figure 5-5 System Clock Filter Networks

The synthesizer locks when the VCO frequency is equal to f.s. Lock time is affected
by the filter time constant and by the amount of difference between the two comparator
inputs. Whenever a comparator input changes, the synthesizer must relock. Lock sta-
tus is shown by the SLOCK bit in SYNCR. During power-up, the MCU does not come
out of reset until the synthesizer locks. Crystal type, characteristic frequency, and lay-
out of external oscillator circuitry affect lock time.

When the clock synthesizer is used, SYNCR determines the system clock frequency
and certain operating parameters. The W and Y[5:0] bits are located in the PLL feed-
back path, enabling frequency multiplication by a factor of up to 256. When the W or
Y values change, VCO frequency changes, and there is a VCO relock delay. The SYN-
CR X bit controls a divide-by circuit that is not in the synthesizer feedback loop. When
X =0 (reset state), a divide-by-four circuit is enabled, and the system clock frequency
is one-fourth the VCO frequency (fyco). When X = 1, a divide-by-two circuit is enabled
and system clock frequency is one-half the VCO frequency (fyco). There is no relock
delay when clock speed is changed by the X bit.

When a slow reference is used, one W bit and six Y bits are located in the PLL feed-
back path, enabling frequency multiplication by a factor of up to 256. The X bit is lo-
cated in the VCO clock output path to enable dividing the system clock frequency by
two without disturbing the PLL.

When using a slow reference, the clock frequency is determined by SYNCR bit set-
tings as follows:

foys = Aler(Y + 1)(2W %)y

The reset state of SYNCR ($3F00) results in a power-on fg g of 8.388 MHz when ¢
is 32.768 kHz.
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Table 5-5 16.78-MHz System Clock Frequencies (Continued)

(Shaded cells represent values that exceed 16.78 MHz specifications.)

Modulus Prescaler
v [W:X] = 00 [W:X] = 01 [W:X] =10 [W:X] =11
(fvco=2xValue) | (fyco = Value) |(fyco=2xValue)| (fyco = Value)
100000 4325 kHz 8651 kHz 17302 kHz 34603 kHz
100001 4456 8913 17826 35652
100010 4588 9175 18350 36700
100011 4719 9437 18874 37749
100100 4850 9699 19399 38797
100101 4981 9961 19923 39846
100110 5112 10224 20447 40894
100111 5243 10486 20972 41943
101000 5374 10748 21496 42992
101001 5505 11010 22020 44040
101010 5636 11272 22544 45089
101011 5767 11534 23069 46137
101100 5898 11796 23593 47186
101101 6029 12059 24117 48234
101110 6160 12321 24642 49283
101111 6291 12583 25166 50332
110000 6423 12845 25690 51380
110001 6554 13107 26214 52428
110010 6685 13369 26739 53477
110011 6816 13631 27263 54526
110100 6947 13894 27787 55575
110101 7078 14156 28312 56623
110110 7209 14418 28836 57672
110111 7340 14680 29360 58720
111000 7471 14942 2988 59769
111001 7602 15204 30409 60817
111010 7733 15466 30933 61866
111011 7864 15729 31457 62915
111100 7995 15991 31982 63963
111101 8126 16253 32506 65011
111110 8258 16515 33030 66060
111111 8389 16777 33554 67109
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The external bus has 24 address lines and 16 data lines. ADDR[19:0] are normal ad-
dress outputs; ADDR[23:20] follow the output state of ADDR19. The EBI provides dy-
namic sizing between 8-bit and 16-bit data accesses. It supports byte, word, and long-
word transfers. Port width is the maximum number of bits accepted or provided by the
external memory system during a bus transfer. Widths of eight and sixteen bits are ac-
cessed through the use of asynchronous cycles controlled by the size (SIZ1 and SIZ0)
and data size acknowledge (DSACK1 and DSACKO) pins. Multiple bus cycles may be
required for dynamically sized transfers.

To add flexibility and minimize the necessity for external logic, MCU chip-select logic
is synchronized with EBI transfers. Refer to 5.9 Chip-Selects for more information.

5.5.1 Bus Control Signals

The address bus provides addressing information to external devices. The data bus
transfers 8-bit and 16-bit data between the MCU and external devices. Strobe signals,
one for the address bus and another for the data bus, indicate the validity of an ad-
dress and provide timing information for data.

Control signals indicate the beginning of each bus cycle, the address space, the size
of the transfer, and the type of cycle. External devices decode these signals and re-
spond to transfer data and terminate the bus cycle. The EBI can operate in an asyn-
chronous mode for any port width.

5.5.1.1 Address Bus

Bus signals ADDRJ[19:0] define the address of the byte (or the most significant byte)
to be transferred during a bus cycle. The MCU places the address on the bus at the
beginning of a bus cycle. The address is valid while AS is asserted.

5.5.1.2 Address Strobe

Address strobe (AS) is a timing signal that indicates the validity of an address on the
address bus and of many control signals.

5.5.1.3 Data Bus

Signals DATA[15:0] form a bidirectional, non-multiplexed parallel bus that transfers
data to or from the MCU. A read or write operation can transfer eight or sixteen bits of
data in one bus cycle. For a write cycle, all sixteen bits of the data bus are driven, re-
gardless of the port width or operand size.

5.5.1.4 Data Strobe

Data strobe (DS) is a timing signal. For a read cycle, the MCU asserts DS to signal an
external device to place data on the bus. DS is asserted at the same time as AS during
a read cycle. For a write cycle, DS signals an external device that data on the bus is
valid.

M68HC16 Z SERIES SYSTEM INTEGRATION MODULE

USER’S MANUAL 5-31
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MCU PERIPHERAL

ADDRESS DEVICE (S0)

SET RIW TO WRITE

DRIVE ADDRESS ON ADDR[23:0]
DRIVE FUNCTION CODE ON FC[2:0]
DRIVE SIZ[1:0] FOR OPERAND SIZE

ASSERT AS (S1)

v

PLACE DATA ON DATA[15:0] (S2)

NN N Nawl

1
2
3
4

ASSERT DS AND WAIT FOR DSACK (S3) ACCEPT DATA (S2 + S3)

\

1) DECODE ADDRESS
2) LATCH DATA FROM DATA BUS
OPTIONAL STATE (S4) I 3) ASSERT DSACK SIGNALS

NO CHANGE

i

TERMINATE OUTPUT TRANSFER (S5)

1) NEGATE DS AND AS -
2) REMOVE DATA FROM DATA BUS TERMINATE CYCLE
¢ NEGATE DSACK
START NEXT CYCLE

WR CYC FLOW

Figure 5-13 Write Cycle Flowchart

5.6.3 Fast Termination Cycles

When an external device can meet fast access timing, an internal chip-select circuit
fast termination option can provide a two-cycle external bus transfer. Because the
chip-select circuits are driven from the system clock, the bus cycle termination is in-
herently synchronized with the system clock.

If multiple chip-selects are to be used to provide control signals to a single device and
match conditions occur simultaneously, all MODE, STRB, and associated DSACK
fields must be programmed to the same value. This prevents a conflict on the internal
bus when the wait states are loaded into the DSACK counter shared by all chip-se-
lects.
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Table 11-1 GPT Status Flags

MneF:;lgnic Ags(ieggrllfrtlzrnt Source

IC1F TFLG1 Input capture 1

IC2F TFLG1 Input capture 2

IC3F TFLG1 Input capture 3
OC1F TFLG1 Output compare 1
OC2F TFLG1 Output compare 2
OC3F TFLG1 Output compare 3
OC4F TFLG1 Output compare 4
14/O5F TFLG1 Input capture 4/output compare 5

TOF TFLG2 Timer overflow
PAOVF TFLG2 Pulse accumulator overflow
PAIF TFLG2 Pulse accumulator input

For each bit in TFLG1 and TFLG2 there is a corresponding bit in TMSK1 and TMSK2
in the same bit position. If a mask bit is set and an associated event occurs, a hard-
ware interrupt request is generated.

In order to re-enable a status flag after an event occurs, the status flags must be
cleared. Status registers are cleared in a particular sequence. The register must first
be read for set flags, then zeros must be written to the flags that are to be cleared. If
a new event occurs between the time that the register is read and the time that it is
written, the associated flag is not cleared.

11.4.2 GPT Interrupts

The GPT has 11 internal sources that can cause it to request interrupt service (refer
to Table 11-2). Setting bits in TMSK1 and TMSK2 enables specific interrupt sources.
TMSK1 and TMSK2 are 8-bit registers that can be addressed individually or as one
16-bit register. The registers are initialized to zero at reset. For each bit in TMSK1 and
TMSK2 there is a corresponding bit in TFLG1 and TFLG2 in the same bit position.
TMSK2 also controls the operation of the timer prescaler. Refer to 11.7 Prescaler for
more information.

The value of the interrupt priority level (IPL[2:0]) field in the interrupt control register
(ICR) determines the priority of GPT interrupt requests. IPL[2:0] values correspond to
MCU interrupt request signals IRQ[7:1]. IRQ7 is the highest priority interrupt request
signal; IRQ1 is the lowest-priority signal. A value of %111 causes IRQ7 to be asserted
when a GPT interrupt request is made; lower field values cause corresponding lower-
priority interrupt request signals to be asserted. Setting field value to %000 disables
interrupts.
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Table A-15 Low Voltage 16.78-MHz AC Timing

(Vpp @and Ve = 2.7 10 3.6Vdc, V=0 Vde, T, =T to T )L
Num Characteristic Symbol Min Max  Unit
F1 |Frequency of Operation f — 16.78 | MHz
1 Clock Period teye 59.6 — ns
1A | ECLK Period teeye 476 — ns
1B | External Clock Input Period? tyeyc 64 — ns
2,3 |Clock Pulse Width® tew 24 — | ns
2A, 3A | ECLK Pulse Width tecw 236 — ns
2B, 3B | External Clock Input High/Low Time? txcHL 32 — ns
4,5 |CLKOUT Rise and Fall Time tor — 9 ns
4A, 5A |Rise and Fall Time (All outputs except CLKOUT) ts 0 8 ns
4B, 5B | External Clock Input Rise and Fall Time? tycrf 0 5 ns
6 | Clock High to ADDR, FC, SIZ Valid® tepay 0 35 | ns
7 Clock High to ADDR, Data, FC, SIZ High Impedance tcHAZx 2 59 ns
8 Clock High to ADDR, FC, SIZ Invalid tcHAZN 0 — ns
9 |Clock Low to AS, DS, CS Asserted* toLsa 2 25 | ns
9A | ASto DS or CS Asserted (Read)® tsTsA -15 15 | ns
11 |ADDR, FC, SIZ Valid to AS, CS, (and DS Read) Asserted tavsa 15 — | ns
12 | Clock Low to AS, DS, CS Negated teLsn 2 29 | ns
13 | AS, DS, CS Negated to ADDR, FC, SIZ Invalid (Address Hold) tsnal 15 — ns
14 | AS, CS (and DS Read) Width Asserted tswa 110 — | ns
14A | DS, CS Width Asserted (Write) tswaw 45 — | ns
14B | AS, CS (and DS Read) Width Asserted (Fast Cycle) tswow 40 — | ns
15 |AS, DS, CS Width Negated® tsn 40 — | ns
16 | Clock High to AS, DS, R/W High Impedance tensz 0 59 | ns
17 |AS, DS, CS Negated to R/W High tsNRN 15 — | ns
18 | Clock High to R/W High teHRH 0 30 | ns
20 |Clock High to R/W Low teHRL 0 30 | ns
21 |R/W Highto AS, CS Asserted tRAAA 15 — | ns
22 |R/W Low to DS, CS Asserted (Write) tRASA 70 — | ns
23 | Clock High to Data Out Valid tcHDO — 30 ns
24 | Data Out Valid to Negating Edge of AS, CS (Fast Write Cycle) tovASN 15 — | ns
25 | DS, CS Negated to Data Out Invalid (Data Out Hold) tsnpol 15 — | ns
26 |Data Out Valid to DS, CS Asserted (Write) tovsa 15 — | ns
27 | Data In Valid to Clock Low (Data Setup)* toicL 5 — ns
27A |Late BERR, HALT Asserted to Clock Low (Setup Time) tgELCL 20 — | ns
28 |AS, DS Negated to DSACKJ[1:0], BERR, HALT, AVEC Negated tsnDN 80 | ns
29 | DS, CS Negated to Data In Invalid (Data In Hold)” tsnpl — | ns
29A | DS, CS Negated to Data In High Impedance”: & tsup| — 55 | ns
M68HC16 Z SERIES ELECTRICAL CHARACTERISTICS
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Table A-29 Low Voltage SPI Timing

= = = 1
(Vpp and Vopsyn = 2-7 10 3.6 Vdc, Vg =0 Vde, T, =T, toT,)
Num Function Symbol Min Max Unit
Operating Frequency
1 Master fop DC 1/4 fsys
Slave DC 1/4 fsys
Cycle Time
2 Master tacye 4 510 teye
Slave 4 — teye
Enable Lead Time
3 Master tead 2 128 teye
Slave 2 — teye
Enable Lag Time
4 Master tiag — 1/2 SCK
Slave 2 — teye
Clock (SCK) High or Low Time
5 Master tsw 21teyc — 60 | 255 teye ns
Slave? 2t —n — ns
Sequential Transfer Delay
6 Master tig 17 8192 teye
Slave (Does Not Require Deselect) 13 — teye
Data Setup Time (Inputs)
7 Master tsy 20 — ns
Slave 20 — ns
Data Hold Time (Inputs)
8 Master thi 30 — ns
Slave 20 — ns
9 |Slave Access Time ty — 1 teye
10 | Slave MISO Disable Time tais — 2 teye
Data Valid (after SCK Edge)
11 Master ty — 50 ns
Slave — 50 ns
Data Hold Time (Outputs)
12 Master tho 0 — ns
Slave 0 — ns
Rise Time
13 Input ti — 2 ps
Output to — 30 ns
Fall Time
14 Input t — 2 us
Output tio — 30 ns
NOTES:

1. Refer to notes in Table A-30.
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SECTION AC-AC

. DIMENSIONING AND TOLERANCING PER ASME

Y14.5M, 1982.

. DIMENSIONS IN INCHES.
. DIMENSIONS A, B, J, AND P DO NOT INCLUDE

MOLD PROTRUSION. ALLOWABLE MOLD
PROTRUSION FOR DIMENSIONS A AND B IS 0.007,
FOR DIMENSIONS J AND P IS 0.010.

DATUM PLANE H IS LOCATED AT THE UNDERSIDE
OF LEADS WHERE LEADS EXIT PACKAGE BODY.

. DATUMS L, M, AND N TO BE DETERMINED WHERE

CENTER LEADS EXIT PACKAGE BODY AT DATUM H.

. DIMENSIONS S AND V TO BE DETERMINED AT

SEATING PLANE, DATUM T.

. DIMENSIONS A, B, J, AND P TO BE DETERMINED AT

DATUM PLANE H.

. DIMENSION F DOES NOT INCLUDE DAMBAR

PROTRUSIONS. DAMBAR PROTRUSION SHALL
NOT CAUSE THE LEAD WIDTH TO EXCEED 0.019.

INCHES
[DIM[ MIN [ wmAX
A 1100 BSC
Al | 0550BSC
B 1100 BSC
BL | 0.550BSC
C | 0160 [ 0180
C1] 0020 | 0.040
C2 | 0135 | 0145
D | 0008 | 0.012
D1 | 0012 | 0.016
D2 | 0.008 | 0011
E | 0006 | 0.008
E1 [ 0005 | 0.007
F [ 0014 [ 0014
G 0.025 BSC
J 0.950 BSC
J1 0.475 BSC
K | 0.034 [ 0044
KL | 0.010BSC
P 0.950 BSC
P1 | 0475BSC
R1 | 0.013REF
S 1.080 BSC
S1 | 0540BSC
U 0.025 REF
v 1.080 BSC
Vi | 0540BSC
w | 0.006 [ 0.008
[ 0°] 8°

Figure B-3 Case 831A-01 — 132-Pin Package Dimensions
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Figure D-1 CPU16 Register Model
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D.2 System Integration Module
Table D-2 shows the SIM address map.

Table D-2 SIM Address Map

Address I |15 8|7 0
$YFFA0O SIM Module Configuration Register (SIMCR)
$YFFAO02 SIM Test Register (SIMTR)
$YFFAO4 Clock Synthesizer Control Register (SYNCR)
$YFFAO06 Not Used Reset Status Register (RSR)
$YFFAO08 SIM Test Register E (SIMTRE)
$YFFAOA Not Used Not Used
$YFFAOC Not Used Not Used
$YFFAOE Not Used Not Used
$YFFA10 Not Used Port E Data Register 0 (PORTEOQ)
$YFFA12 Not Used Port E Data Register 1(PORTEL)
$YFFA14 Not Used Port E Data Direction Register (DDRE)
$YFFA16 Not Used Port E Pin Assignment Register (PEPAR)
$YFFA18 Not Used Port F Data Register 0 (PORTFO0)
$YFFALA Not Used Port F Data Register 1 (PORTF1)
$YFFALC Not Used Port F Data Direction Register (DDRF)
$YFFALE Not Used Port F Pin Assignment Register (PFPAR)
$YFFA20 Not Used System Protection Control Register (SYPCR)
$YFFA22 Periodic Interrupt Control Register (PICR)
$YFFA24 Periodic Interrupt Timer Register (PITR)
$YFFA26 Not Used Software Watchdog Service Register (SWSR)
$YFFA28 Not Used
$YFFA2A Not Used
$YFFA2C Not Used
$YFFA2E Not Used
$YFFA30 Test Module Master Shift A Register (TSTMSRA)
$YFFA32 Test Module Master Shift B Register (TSTMSRB)
$YFFA34 Test Module Shift Count Register (TSTSC)
$YFFA36 Test Module Repetition Counter Register (TSTRC)
$YFFA38 Test Module Control Register (CREG)
$YFFA3A Test Module Distributed Register (DREG)
$YFFA3C Not Used
$YFFA3E Not Used
$YFFA40 Not Used Port C Data Register (PORTC)
$YFFA42 Not Used Not Used
$YFFA44 Chip-Select Pin Assignment Register 0 (CSPARO)
$YFFA46 Chip-Select Pin Assignment Register 1 (CSPARL1)
$YFFA48 Chip-Select Base Address Register Boot (CSBARBT)
SYFFA4A Chip-Select Option Register Boot (CSORBT)

Chip-Select Base Address Register 0 (CSBARO)
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D.6.9 Port QS Pin Assignment Register/Data Direction Register

PQSPAR — PORT QS Pin Assignment Register $YFFC16
DDRQS — PORT QS Data Direction Register $YFFC17
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NOT

NOT
UstD | PQSPAG | PQSPAS | PQSPA4 | PQSPAS | [

PQSPAL | PQSPAO | DDQS7 | DDQS6 | DDQSS5 | DDQS4 | DDQS3 | DDQS2 | DDQSL | DDQSO

RESET
0 0 0 0 0 0 0 0 0 0 0 0 0 0

Clearing a bit in PQSPAR assigns the corresponding pin to general-purpose I/0O. Set-
ting a bit assigns the pin to the QSPI. PQSPAR does not affect operation of the SCI.
Table D-33 displays PQSPAR pin assignments.

Table D-33 PQSPAR Pin Assignments

PQSPAR Field PQSPAR Bit Pin Function
0 PQS0
PQSPAO 1 MISO
0 PQS1
PQSPA1 1 MOSI
_ — PQs2t
— SCK
0 PQS3
PQSPA3 1 PCS0/SS
0 PQS4
PQSPA4 1 poS1
0 PQS5
PQSPAS5 1 PoSy
0 PQS6
PQSPA6 1 PeS3
_ — PQS7?
— TXD
NOTES:

1. PQS2 is a digital I/O pin unless the SPI is enabled (SPE set in
SPCR1), in which case it becomes the QSPI serial clock SCK.

2. PQS7 is adigital I/O pin unless the SCI transmitter is enabled (TE set
in SCCR1), in which case it becomes the SCI serial output TXD.

DDRQS determines whether pins configured for general-purpose I/O are inputs or out-
puts. Clearing a bit makes the corresponding pin an input; setting a bit makes the pin
an output. DDRQS affects both QSPI function and I/O function.Table D-34 shows the
effect of DDRQS on QSM pin function.
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ILSPI[2:0] — Interrupt Level for SPI
ILSPI[2:0] determine the interrupt request levels of SPI interrupts. Program this field
to a value from $0 (interrupts disabled) through $7 (highest priority). If the interrupt-
request level programmed in this field matches the interrupt-request level pro-
grammed for one of the SCI interfaces and both request an interrupt simultaneously,
the SPI is given priority.

Bits [10:8] — Not Implemented

D.7.6 MCCI Pin Assignment Register

MPAR — MCCI Pin Assignment Register $YFFCO08
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NOT
NOT USED MPA3 USED MPA1l | MPAO
RESET:
0 0 0 0 0 0 0 0 0 0 0

The MPAR determines which of the SPI pins, with the exception of the SCK pin, are
actually used by the SPI submodule, and which pins are available for general-purpose
I/O. The state of SCK is determined by the SPI enable bit in SPCR1. Clearing a bit in
MPAR assigns the corresponding pin to general-purpose I/O; setting a bit assigns the
pin to the SPI. Refer to Table D-39.

Table D-39 MPAR Pin Assignments

MPAR Field MPAR Bit Pin Function

0 PMCO
1 MISO
0 PMC1
1 MOSI
2 PMC2
ScK
PMC3
1 Ss

PMC4
RXDB

L PMC5
TXDB

PMC6
RXDA

PMC7
TXDA

MPAO

MPA1

o

NOTES:
1. MPA[7:4], MPA2 are not implemented.

Bits [15:8], [7:4], 2 — Not Implemented

SPI pins designated by the MPAR as general-purpose 1/0O are controlled only by
MDDR and PORTMC. The SPI has no effect on these pins. The MPAR does not affect
the operation of the SCI submodule.
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OC1M[5:1] — OC1 Mask Field
OC1M[5:1] correspond to OC[5:1].
0 = Corresponding output compare pin is not affected by OC1 compare.
1 = Corresponding output compare pin is affected by OC1 compare.

OC1DI[5:1] — OC1 Data Field
OC1DI[5:1] correspond to OC[5:1].
0 = If OC1 mask bit is set, clear the corresponding output compare pin on OC1
match.
1 = If OC1 mask bit is set, the set corresponding output compare pin on OC1
match.

D.8.6 Timer Counter Register

TCNT — Timer Counter Register $YFF90A

TCNT is the 16-bit free-running counter associated with the input capture, output com-
pare, and pulse accumulator functions of the GPT module.

D.8.7 Pulse Accumulator Control Register/Counter

PACTL/PACNT — Pulse Accumulator Control Register/Counter $YFFO0C
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| PAIS | PAEN |PAMOD|PEDGE| PCLKS| 14/05 | PACLK[1:0] | PULSE ACCUMULATOR COUNTER |
RESET:
U 0 0 0 0 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 — PAI Pin State (Read Only)

PAEN — Pulse Accumulator Enable
0 = Pulse accumulator disabled.
1 = Pulse accumulator enabled.

PAMOD — Pulse Accumulator Mode
0 = External event counting.
1 = Gated time accumulation.

PEDGE — Pulse Accumulator Edge Control
The effects of PAMOD and PEDGE are shown in Table D-44.
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Table D-50 PWM Frequency Ranges

PPR Prescaler Tap SFA/B=0 SFAB=1
[20] 16.78 MHz 20.97 MHz 25.17 MHz 16.78 20.97 25.17 16.78 MHz 20.97 MHz 25.17 MHz
MHz MHz MHz
000 | Div2=8.39MHz | Div2=10.5MHz | Div2=12.6 MHz | 32.8 kHz 41 kHz 49.2 kHz 256 Hz 320 Hz 384 Hz
001 | Div4=4.19MHz | Div4=525MHz | Div4=6.29 MHz | 16.4kHz | 20.5kHz | 24.6 kHz 128 Hz 160 Hz 192 Hz
010 | Div8=2.10MHz | Div8=2.62MHz | Div8=3.15MHz | 8.19kHz | 10.2kHz | 12.3kHz 64.0 Hz 80.0 Hz 96 Hz
011 | Div16 =1.05MHz | Div 16 = 1.31 MHz | Div 16 = 1.57 MHz | 4.09 kHz | 5.15kHz | 6.13 kHz 32.0Hz 40.0 Hz 48 Hz
100 | Div32 =524 kHz | Div32=655kHz | Div32=787kHz | 2.05kHz | 2.56 kHz | 3.07 kHz 16.0 Hz 20.0 Hz 24 Hz
101 | Div64 =262kHz | Div64 =328kHz | Div64=393kHz | 1.02kHz | 1.28 kHz | 1.54 kHz 8.0 Hz 10.0 Hz 12 Hz
110 | Div 128 = 131 kHz | Div 128 = 164 kHz | Div 128 =197 kHz | 512 Hz 641 Hz 770 Hz 4.0 Hz 5.0 Hz 6 Hz
111 PCLK PCLK PCLK PCLK/256 | PCLK/256 | PCLK/256 | PCLK/32768 | PCLK/32768 | PCLK/32768

F1A/B — Force Logic Level One on PWMA/B
0 = Force logic level zero output on PWMA/B pin.
1 = Force logic level one output on PWMA/B pin.

D.8.15 PWM Registers A/B

PWMA — PWM Register A $YFF926
PWMB — PWM Register B $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 $80 to 50% duty cy-
cle. Maximum value ($FF) selects an output that is high for 255/256 of the period.
Writes to these registers are buffered by PWMBUFA and PWMBUFB.

D.8.16 PWM Count Register

PWMCNT — PWM Count Register $YFF928
PWMCNT is the 16-bit free-running counter used for GPT PWM functions.

D.8.17 PWM Buffer Registers A/B

PWMBUFA — PWM Buffer Register A $YFF92A
PWMBUFB — PWM Buffer Register B $YFF92B

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. Re-
set state is $0000.
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PACTL EQU $F90C ;PULSE ACCUMULATOR CONTROL REGISTER
PACNT EQU $F90D ;PULSE ACCUMULATOR COUNTER

TIC1 EQU $F90E ;INPUT CAPTURE REGISTER 1

TIC2 EQU $F910 ;INPUT CAPTURE REGISTER 2

TIC3 EQU $F912 ;INPUT CAPTURE REGISTER 3

TOC1 EQU $F914 ;OUTPUT COMPARE REGISTER 1

TOC2 EQU $F916 ;OUTPUT COMPARE REGISTER 2

TOC3 EQU $F918 ;OUTPUT COMPARE REGISTER 3

TOC4 EQU $F91A ;OUTPUT COMPARE REGISTER 4

TI405 EQU $F91C ;INPUT CAPTURE 4 OR OUTPUT COMPARE 5

TCTL1 EQU $F91E ;TIMER CONTROL REGISTER 1

TCTL2 EQU $F91F ;TIMER CONTROL REGISTER 2

TMSK1 EQU $F920 ;TIMER INTERRUPT MASK REGISTER 1

TMSK2 EQU $F921 ;TIMER INTERRUPT MASK REGISTER 2

TFLG1 EQU $F922 ;TIMER INTERRUPT FLAG REGISTER 1

TFLG2 EQU $F923 ;TIMER INTERRUPT FLAG REGISTER 2

CFORC EQU $F924 ;COMPARE FORCE REGISTER

PWMC EQU $F924 ;PWM CONTROL REGISTER

PWMA EQU $F926 ;PWM REGISTER A

PWMB EQU $F927 ;PWM REGISTER B

PWMCNT EQU $F928 ;PWM COUNTER REGISTER

PWMBUFA EQU $F92A ;PWM BUFFER REGISTER A

PWMBUFB EQU $F92B ;PWM BUFFER REGISTER B

PRESCL EQU $F92C ;GPT PRESCALER

wxxk ADC MODULE REGISTERS **x**

ADCMCR EQU $F700 ;ADC MODULE CONFIGURATION REGISTER
ADTEST EQU $F702 ;ADC TEST REGISTER

ADCPDR EQU $F706 ;ADC PORT DATA REGISTER

ADCTLO EQU $F70A ;A/D CONTROL REGISTER 0

ADCTL1 EQU $F70C ;A/D CONTROL REGISTER 1

ADSTAT EQU $F70E ;ADC STATUS REGISTER

RJURRO EQU $F710 ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 0
RJURR1 EQU $F712 ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 1
RJURR2 EQU $F714 ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 2
RJURR3 EQU $F716 ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 3
RJURR4 EQU $F718 ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 4
RJURR5 EQU $F71A ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 5
RJURR6 EQU $F71C ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 6
RJURR7 EQU $F71E ;RIGHT JUSTIFIED UNSIGNED RESULT REGISTER 7
LISRRO EQU $F720 ;LEFT JUSTIFIED SIGNED RESULT REGISTER 0
LISRR1 EQU $F722 ;LEFT JUSTIFIED SIGNED RESULT REGISTER 1
LISRR2 EQU $F724 ;LEFT JUSTIFIED SIGNED RESULT REGISTER 2
LISRR3 EQU $F726 ;LEFT JUSTIFIED SIGNED RESULT REGISTER 3
LISRR4 EQU $F728 ;LEFT JUSTIFIED SIGNED RESULT REGISTER 4
LISRR5 EQU $F72A ;LEFT JUSTIFIED SIGNED RESULT REGISTER 5
LISRR6 EQU $F72C ;LEFT JUSTIFIED SIGNED RESULT REGISTER 6
LISRR7 EQU $F72E ;LEFT JUSTIFIED SIGNED RESULT REGISTER 7
LJURRO EQU $F730 ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 0
LJURR1 EQU $F732 ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 1
LJURR2 EQU $F734 ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 2
LJURR3 EQU $F736 ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 3
LJURR4 EQU $F738 ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 4
LJURRS5 EQU $F73A ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 5
LJURR6 EQU $F73C ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 6
LJURR7 EQU $F73E ;LEFT JUSTIFIED UNSIGNED RESULT REGISTER 7

M68HC16 Z SERIES INITIALIZATION AND PROGRAMMING EXAMPLES

USER'S MANUAL For More Information On This Product,

Go to: www.freescale.com



