















































































































































































































































Pin
Descriptions

Ag-A)5. Address Bus (output, active High,
3-state). Ap-A)s5 form a 16-bit address bus. The
Address Bus provides the address for memory
data bus exchanges (up to 64K bytes) and for
1/0O device exchanges.

BUSACK. Bus Acknowledge (output, active
Low). Bus Acknowledge indicates to the
requesting device that the CPU address bus,
data bus._and control signals MREQ, IORQ,
RD, and WR have entered their high-
impedance states. The external circuitry

can now control these lines.

BUSREQ. Bus Request (input, active Low).
Bus Request has a higher priority than NMI
and is always recognized at the end of the cur-
rent machine cycle. BUSREQ forces the CPU
address bus, data bus, and control signals
MREQ, IORQ, RD, and WR to go to a high-
impedance state so that other devices can
control these lines. BUSREQ is normally wire-
ORed and requires an external pullup for
these applications. Extended BUSREQ
periods due to extensive DMA operations can
prevent the CPU from properly refreshing
dynamic RAMs.

Dg-Dy. Duta Bus (input/output, active High,
3-state). Do-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and [/O.

HALT. Halt State (output, active Low). HALT
indicates that the CPU has executed a Halt
instruction and is awaiting either a non-
maskable or a maskable interrupt (with the
mask enabled) before operation can resume.
While halted, the CPU executes NOPs to
maintain memory refresh.

INT. Interrupt Request (input, active Low).
Interrupt Request is generated by I/O devices.
The CPU honors a request at the end of the
current instruction if the internal software-
controlled interrupt enable flip-flop (IFF) is
enabled. INT is normally wire-ORed and
requires an external pullup for these
applications.

IORQ. /nput/Qutput Request (output, active
Low, 3-state). IORQ indicates that the lower
half of the address bus holds a valid I/0O
address for an I/O read or write operation, _
IORQ is also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate that an interrupt response vector can be
placed on the data bus.

El. Machine Cycle One (output, active Low).
M], together with MREQ, indicates that the
current machine cycle is the opcode fetch
cycle of an instruction execution. M1, together
with IORQ, indicates an interrupt acknowledge
cycle.

MREQ. Memory Reguest (output, active

Low, 3-state). MREQ indicates that the address
bus holds a valid address for a memory read or
memory write operation.

NMI. Non-Maskable Interrupt (input, negative
edge-triggered). NMI has a higher priority
than INT. NMI is always recognized at the end
of the current instruction, independent of the
status of the interrupt enable flip-flop, and
automatically forces the CPU to restart at loca-
tion 0066H.

RD. Reéad (output, active Low, 3-state). RD
indicates that the CPU wants to read data from
memory or an I/O device. The addressed I/O
device or memory should use this signal to
gate data onto the CPU data bus.

RESET. Reset (input, active Low). RESET
initializes the CPU as follows: it resets the
interrupt enable flip-flop, clears the PC and
Registers | and R, and sets the interrupt status
to Mode 0. During reset time, the address and
data bus go to a high-impedance state, and all
control output signals go to the inactive state.
Note that RESET must be active for a minimum
of three full clock cycles before the reset
operation is complete.

RFSH. Refresh (output, active Low). RFSH,
together with MREQ), indicates that the lower
seven bits of the system’s address bus can be
used as a refresh address to the system'’s
dynamic memories.

WAIT. Wait (input, active Low). WAIT
indicates to the CPU that the addressed mem-
ory or I/O devices are not ready for a data
transfer. The CPU continues to enter a Wait
state as long as this signal is active. Extended
WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. Write (output, active Low, 3-state). WR
indicates that the CPU data bus holds valid

data to be stored at the addressed memory or
1/0 location. '
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CPU Timing The Z80 CPU executes instructions by pro-

ceeding through a specific sequence of opera-
tions:

B Memory read or write
B 1/O device read or write
B Interrupt acknowledge

The basic clock period is referred to as a
T time or cycle, and three or more T cycles
make up a machine cycle (M1, M2 or M3 for
instance). Machine cycles can be extended
either by the CPU automatically inserting one
or more Wait states or by the insertion of one
or more Wait states by the user.

Instruction Opcode Fetch. The CPU places
the contents of the Program Counter (PC) on
the address bus at the start of the cycle (Figure
5). Approximately one-half clock cycle later,
MREQ goes active. When active, RD indicates
that the memory data can be enabled onto the
CPU data bus.

Ty

The CPU samples the WAIT input with the
falling edge of clock state T,. During clock
states T3 and T4 of an M1 cycle dynamic RAM
refresh can occur while the CPU starts
decoding and executing the instruction. When
the Refresh Control signal becomes active,
refreshing of dynamic memory can take place.

T3 Ta

cLocK D>+ \ r_\__/_\L_/
—/ L—:{ -6 ot \;-u-i!
—D— n O]
Ao-A1s [ ;:L REFRESH ADDR X
O : -
NREQ S - / 0
-® W
.._n ) . £ Lo
—l- :@ -]
Y *}_,,@ﬂ sl
A { fPJ \
® <@
N s fm £
- @ @ft| ~ '«@
Do-O7y _‘}——Ej VALID DATA X
. ke

NOTE: T,,~Wait cycle added when necessary for slow ancilliary devices.

Figure 5. Instruction Opcode Fetch
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CPU Memory Read or Write Cycles. Figure 6 MREQ also becomes active when the address
Timing shows the timing of memory read or write bus is stable. The WR line is active when the
(Continued) cycles other than an opcode fetch (M1) cycle. data bus is stable, so that it can be used
The MREQ and RD signals function exactly as directly as an R/W pulse to most semi-
in the fetch cycle. In a memory write cycle, conductor memories.
Ty T2 Tw T3
1 3 3
ol WRWRY
b, =7
—y —or
Ao~Axs X j\é‘.m-s:l ':L N
| — fom o/ vk
T — @ <-}.|
wAEa @J > . /
+ —-
It e .
WarT q I "’ -
b \[
READ -
OPERATION -
Do-D7
Wi
@D}
WRITE
OPERATION
Do-D7 " oATAoUT
Figure 6. Memory Read or Write Cycles
2005-883
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CPU Input or Output Cycles. Figure 7 shows the inserts a single Wait state (Ty). This extra Wait
Timing timing for an I/O read or I/O write operation. state allows sufficient time for an I/O port to
(Continued)  During I/O operations, the CPU automatically decode the address from the port address lines.
T; Twe T Ta
cLock J ,L—/'—l_\_/-‘-!itd ’ sb ’ st_j ~
=] @
Ao-A7 ). VALID PORT ADDRESS o
® o
iona H F»T 5 V4
-] —a]
® ®:l wl f@—| i ®
Wit ol N,
@ (7))
w5 \ ” B
uzoo —» @ - () -ﬁ—@‘*
OPERATION N Ty S T
— Annal y ATA
1@ ~lo)-
Wh t i /I >«
wo <®N i
oPERATION ~® »
Do-Dy “mend Y DATA OUT -
NOTE: T+ = One Wait cycle automatically inserted by CPU.
Figure 7. Input or Output Cycles
Interrupt Request/Acknowledge Cycle. Th. During this M1 cycle, IORQ becomes active
CPU samples the interrupt signal with the ris- (instead of MREQ) to indicate that the inter-
ing edge of the last clock cycle at the end of rupting device can place an 8-bit vector on the
any instruction (Figure 8). When an interrupt data bus. The CPU automatically adds two
is accepted, a special M1 cycle is generated. Wait states to this cycle.
T A\l T2 Tw: Tw: Tw Ty
S AV AVAVAVAVaAVAW
¥ ks
~®
[
® ®
Ao-A1s PC ':’:
®
1] B 45 ;I '
— @ - —] 52
ioRa . i P
() | . i L
oo LT
LU J/ \
' ®
Do-D7 <« - Yvauo oata
NOTE. 1) T = Last state of previous instruction. 2) Two Wait cycles automatically inserted by CPU(*).
Figure 8. Interrupt Roqu.nt/Acknowledgo Cycle
20 2005-884, 885
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CPU
Timing
(Continued)

Non-Maskable Interrupt Request Cycle.

NMI is sampled at the same time as the mask-
able interrupt input INT but has higher priority
and cannot be disabled under software control.
The subsequent timing is similar to that of a

normal instruction fetch except that data put
on the bus by the memory is ignored. The
CPU instead executes a restart (RST) operation
and jumps to the NMI service routine located
at address 0066H (Figure 9).

LAST M CYCLE
LAST ¥ TIME Ty Ty

AVAVAWAWAW]

E I R

- o - - - - - - L R R s -

Ao-Ats [

: i

* Although NMI is an asynchronous input, to guarantee its being
recognized on the following machine cycle, hﬁ!’s falling edge

must occur no later than the rising edge of the clock cycle
preceding T AST.

Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU
samples BUSREQ with the rising edge of the
last clock period of any machine cycle (Figure
10). If BUSREQ is active, the CPU sets its ___
address, data, and MREQ, IORQ, RD, and WR

Ty Tx

cLock

lines to a high-impedance state with the rising
edge of the next clock pulse. At that time, any
external device can take control of these lines,
usually to transfer data between memory and
1/O devices.

Tx T

|;|.-

W

T T 7/

L.

- |-@®

Ao-Ass /s

FLOAY

Do-D:

~
o

FLOAT

FLOAT

-‘-"i
EFL
N
\

PR |

H
A

WALY

UNCHANGED

NOTE: Tp = Last state of any M cycle.

Tx = An arbitrary clock cycle used by requesting device.

Figure 10. Z-BUS Request/Acknowledge Cycle

2005-0218, 886
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CPU Halt Acknowledge Cycle. When the CPU

received. When in the Halt state, the HALT

Timing receives a Halt instruction, it executes NOP output is active and remains so until an inter-
(Continued)  states until either an INT or NMI input is rupt is received (Figure 11).
" { M1 4 Mt
Te 1) T2 T Ts \{} T2
CLOCK
-®
HATY V.
Hak ! N
- s
NOTE: iNT will also !orce' a Halt exit. *See note, Figure 9.
Figure 11. Halt Acknowledge Cycle
Reset Cycle. RESET must be active for at least inactive, three internal T cycles are consumed
three clock cycles for the CPU to properly before the CPU resumes normal processing
accept it. As long as RESET remains active, the  operation. RESET clears the PC register, so the
address and data buses float, and the control first opcode fetch will be to location 0000
outputs are inactive. Once RESET goes (Figure 12).
M1 —_———
o [\ L \/\/\/\
1 ‘_@
® e - ® l*
RESET / \ / J K /
— () j—
Ao-Ass 1! »” FLOAT
-~ @
00-07 " FLOAT
rys e @
" / .
o
] Y/ /174 \
ALT
Figure 12. Reset Cycle
22 2005-887, 888
“Reproduced by permission ©1983 Zilog, Inc.

#

This material shall not be reproduced without
the written consent of Zilog. Inc.”



AC Characteristics

280 CPU Z80A CPU 280B CPU Z80H CPUt
Number Symbol Min Max Min Max Min Max Min Max
1 Clock Cycle Time 400* 250* 165* 125*
2 Clock Pulse Width (High) 180* 110* 65" 55*
3 Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 Clock Fall Time —_ 30 — 30 — 20 — 10
5 Clock Rise Time 30 30 20— — —/10—
6 Clock 1 to Address Valid Delay — 145 — 110 —_ 90 — 80
7 Address Valid to MREQ 125*  — 65* — 35— 20° —
8 TAdCH(MREQ1)  Clock | to MREQ | Delay — 100 — 85 — 70 — 60
9  TdCr(MREQr) Clock ! to MREQ t Delay — 100 — 85 — 70 — 60
10 — TwMRECh MREQ Pulse Width (High) 170* 110* 65* 45— — —
11 MREQ Pulse Width (Low) 360 — 2200 — 135* — 1000 —
12 TdC{(MREQr) Clock | to MREQ t Delay — 100 - 85 — 70 — 60
13 Clock | to BD ! Delay — 130 - 5 — 80 - 10
14 Clock 1 to RD 1 Delay — 100 — 85 — 70 — 60
15 Data Setup Time to Clock 1 50 35 30 NV—- — —
16 Data Hold Time to RD 1 - 0 - 0 - 0 — 0
17 ‘WAIT Setup Time to Clock | 70 — 70 — 60 — 50 —
18 ‘WAIT Hold Time after Clock | - 0 — 0 — 0 — 0
19 Clock 1 to M1 | Delay — 130 — 100 — 80 — 70
20 — TdCr(MIr) —— Clock 1 to M1 1 Delay 130 100 80— — —70—
21 Clock 1 to RFSH | Delay — 180 — 130 — 110 — 95
22 Clock | to RFSH 1 Delay — 150 —_ 120 — 100. — 85
23 Clock |} to RD 1 Delay — 110 — 85 — 70 — 60
24 Clock 1 to RD } Delay — 100 — 85 — 70 - 60
25 — TsD(CY) Data Setup to Clock | during 60 50 40 N— — —
M;, M3, My or M; Cycles
26 Address Stable prior to IORQ | 3200 — 180* — 1100 — 75* —
27 Clock 1 to IORQ | Delay - 90 — 75 — 65 — 55
28 TdC{(IORQr)  Clock | to TORQ 1 Delay — 110 — 85 — 70 — 60
29 Data Stable prior to WR | 190* — 80* — 25 — 5* —
30 — TdC{(WRf) — Clock } to WR |, Delay 90 80 - 00— — —60—
31 WR Pulse Width 360 — 220 — 135* — 100* —
32 Clock } to WR t Delay —_ 100 - 80 —_ 70 - 60
33 Data Stable prior to WR | 200 — -100 — -55* — 55* —
34 Clock 1 to WR | Delay — 80 — 68 —_ 60 — 55
35 — TdWRr(D) —— Data Stable from WR | 120* 60* 30* 15*= — —
36 Clock | to HALT 1 or | — 300 — 300 — 260 — 225
37 NMI Pulse Width 80 — 80 —_ 70 — 60* —
38  TsBUSREQ(Cr) BUSREQ Setup TimetoClockt 80 — 50 — 5 — 0 —
*For clock periods other than the minimums shown in the table,
calculate parameters using the expressions in the table on the
followinq page.
t Units in nanoseconds (ns). All timings are preliminary and
subject !v change.
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AC Characteristics (Continued)

Z80 CPU Z80A CPU Z80B CPU Z80H CPUYt
Number Symbol Parameter Min Max Min Max Min Max Min Max
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock 1 0 _— 0 —_ 0 — 0 —
40 — TdCr(BUSACK{)~Clock | to BUSACK | Delay 120 100 90 — —80
4] TdCHBUSACKr) Clock | to BUSACK 1 Delay —_ 110 — 100 — 90 —_ 80
42 TdCr(Dz) Clock 1 to Data Float Delay —_ 90 —_ 90 — 80 —_ 70
43  TdCr(CTz) Clock t to Control Qutputs Float — 110 — 80 — 7 - 60
De]a%(RMREQ, IORQ, RD,
and )
44  TdCr(Az) Clock ! to Address Float Delay — 110 — 90 — 80 —_ 70
45 — TdCTr(A) MREQ !, IORQ t, RD !, and 160" 80* 35* 20°—= —
R 1 to Address Hold Time
46 TsRESET(Cr) RESET to Clock ! Setup Time 90 — 60 — 60 — 45 -
47 ThRESET(Cr) RESET to Clock ! Hold Time — 0 — 0 — 0 — 0
48 TsINT(Cr) INT to Clock 1 Setup Time 80 — 80 —_ 70 — 55 —_
49 ThINT(Cr) INT to Clock ! Hold Time - 0 C— 0 - 0 —_ ]
50 — TdM1{(IORQf) — M1 | to IORQ | Delay 920* 565* 365* 270*~ —
51 TdCH(IORQY) Clock | to IORQ ! Delay — 110 — 85 — 70 —_ 60
52 TdC{(IORQr) Clock | to IORQ 1 Delay —_ 100 — 85 —_ 70 — 60
53 TdCH{(D) Clock | to Data Valid Delay — 230 — 150 — 130 — 115
*For clock periods other than the minimums shown in the table,
calculate parameters using the following expressions. Calculated
values above assumed TrC = TIC = 20 ns.
t Units in nanoseconds (ns). All timings are preliminary and
subject to change.
Footnotes to AC Characteristics
Number Symbol 280 Z80A Z80B
1 TeC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC +TIC TwCh + TwCl + TrC + TIC
2 TwCh Although static by design, Although static by design, Although static by design,
TwCh of greater than 200 us TwCh of greater than 200 us TwCh of greater than 200 us

is not guaranteed
7 ——TdA(MREQf) —~TwCh + TiC - 75

is not guaranteed
TwCh + TfC - 65

is not guaranteed
TwCh + TIC - 50

10 TwMREQh TwCh + TfC - 30 TwCh + TIC - 20 TwCh + TiC - 20
11 TwMREQI TcC - 40 TcC - 30 TcC - 30
26 TdA(IORQf) TcC - 80 TcC - 70 TcC - 85
29 TdD(WRf) TcC - 210 TcC - 170 TeC - 140
31 —TwWR TcC - 40— TcC -~ 30 TeC - 30
33 TdD(WRf) TwCl + TrC - 180 TwCl + TrC - 140 TwCl + TrC ~ 140
35 TdWRr(D) TwCl + TrC - 80 TwCl + TrC - 70 TwCl + TrC - 85
45 TdCTr(A) TwCl + TrC - 40 TwCl + TrC -~ 50 TwCl + TrC - 50

50 TdMI{(IORQf) 2TcC + TwCh + TIC - 80

2TcC + TwCh + TIC - 65

2TcC + TwCh + TiC - 50

AC Test Conditions: v v
VIH =20V OH = 2.0
ViL=08V VoL =08V
ViHc = Voc 06V FLOAT = 205V
ViLc = 045V
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Absolute Storage Temperature. . ...... -65°Cto +150°C Stresses greater than those listed under Absolute Maxi-
Maximum Temperature mum Ratings may cause permanent damage to the device.
Rati der B . This is a stress rating only; operation of the device at any
atings under Bias ........ Specified operating range condition above those indicated in the operational sections
Voltages on all inputs and of these specifications is not implied. Exposure to absolute
outputs with respect to ground .-0.3 Vto +7 V maximum rating conditions for extended periods may affect
Power Dissipation .................... 1.5 W  device reliability.
Standard The characteristics below apply for the All ac parameters assume a load capacitance
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 50 pF in-
Conditions otherwise noted. All voltages are referenced to crease in load up to a maximum of 200 pF for
GND (0 V). Positive current flows into the the data bus and 100 pF for address and control
referenced pin.  Available operating lines.
temperature ranges are:
| S* = 0°Cto +70°C, L
+475V < Ve s +5.25V 2
B E' = -40°Cto +85°C, FNOE TesT
+4.75V = Voo s +5.25V
m M* = -55°C to +125°C, o =
+45V s Voo s +55V ]:
*See Ordering Information section lor package = . =
temperature range and product number.
DC Symbol Parameter Min Max Unit  Test Condition
Character-
istics ViLe Clock Input Low Voltage -0.3 045 V
Vinc Clock Input High Voltage Vec-6 Vec+3 V
Vi Input Low Voltage -0.3 0.8 v
Vin Input High Voltage 2.0 Vee \'s
Vou Output Low Voltage 0.4 \' Ioo= 1.8 mA
Vou Qutput High Voltage 2.4 \'s Ion = -250 4A
Icc Power Supply Current .
280 1500 mA
Z80A 2002 mA
280B 2000 mA
I Input Leakage Current 10 pA Vin = 0to Ve
Lo 3-State Output Leakage Current in Float -10 1°  u4A Vour = 0.4to Vcc
1. For military grade parts, IcC is 200 mA. 3. Ajs-Ag, D7-Dg. MREQ, iORQ, D, and WR.
2. Typical rate for Z80A is 90 mA.
Capacitance Symbol Parameter Min Max Unit Note
Cecrock Clock Capacitance 35 pF v d o
Cin Input Capacitance 5 pF mn‘l‘neasul o qr;:; 4
Cour Output Capacitance 10 pF
TA = 25°C,f = 1 MHz.
8085029 25
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Ordering

Product Package/

Product Package/

Information Number  Temp  Speed Description Number Temp  Speed Description
78400 CE 2.5MHz  Z80 CPU (40-pin) Z8400A CMB 4.0 MHz . Z80A CPU (40-pin)
28400 CM 2.5 MHz Same as above Z8400A CS 4.0 MHz Same as above
28400 CMB = 2.5 MHz Same as above Z8400A DE 4.0 MHz Same as above
28400 Cs 2.5 MHz Same as above Z8400A DS 4.0 MHz Same as above
28400 DE 2.5 MHz Same as above Z8400A PE 4.0 MHz Same as above
78400 DS 2.5 MHz Same as above Z8400A PS 4.0 MHz Same as above
28400 PE 2.5 MHz Same as above 78400B Cs 6.0 MHz Z80B CPU (40-pin)
28400 PS 2.5 MHz Same as above Z8400B DS 6.0 MHz Same as above
Z8400A CE 4.0 MHz Z80A CPU (40-pin) 28400B PS 6.0 MHz Same as above
Z8400A CM 4.0 MHz Same as above
*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with

MIL.STD-883 Class B processing, S = 0°C to +70°C.
26 00-2001-03
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28430
280° CTC Counter/
Timer Circulit

Zilog

Product
Specification

September 1983
Features ® Four independently programmable B Selectable positive or negative trigger
counter/timer channels, each with a initiates timer operation.
readable downcounter and a selectable ® Standard Z-80 Family daisy-chain interrupt
16 or 256 prescalgr. Downcounters are structure provides fully vectored, prioritized
reloaded automatically at zero count. interrupts without external logic. The CTC
@ Three channels have Zero Count/Timeout may also be used as an interrupt controller.
outputs capable of driving Darlington & Interfaces directly to the Z-80 CPU or—for
transistors. baud rate generation—to the Z-80 SIO.
General The Z2-80 CTC four-channel counter/timer each channel is programmed with two bytes; a
Description  can be programmed by system software for a third is necessary when interrupts are enabled.
broad range of counting and timing applica- Once started, the CTC counts down, reloads
tions. The four independently programmable its time constant automatically, and resumes
channels of the Z-80 CTC satisfy common counting. Software timing loops are completely
microcomputer system requirements for event eliminated. Interrupt processing is simplified
counting, interrupt and interval timing, and because only one vector need be specified; the
general clock rate generation. CTC internally generates a unique vector for
System design is simplified because the CTC  each channel.
connects directly to both the Z-80 CPU and the The Z-80 CTC requires a single +5 V power
Z-80 SIO with no additional logic. In larger supply and the standard Z-80 single-phase
systems, address decoders and buffers may be system clock. It is fabricated with n-channel
required. silicon-gate depletion-load technology, and
Programming the CTC is straightforward: packaged in a 28-pin plastic or ceramic DIP.
~—a{ Do CLKITRGo l—
<« Dy 2CT0g o=
<-—»] Dz X
CPU | «—»1 0y CLK/TRG, |o— ™ o
°:;:4 o, 2oy [—o | cnammat o8, iy
-0 SIGNALS o s o
e L) CLKITRG; [ o e 0o
i b zemo, [—> ano s +5V
ce ro [ CLKITRGo
cre =] C% CLKTRG, Jo— ) zcmo, (7 X0 CYC 22 [ cuaraa,
CconTROL | —] €5 zcmo, o Z80ACTE L ] ciemho,
FROM |} —1 W7 RESET fe—
cPu zermvo, O CLK/TRGy
—| om ioRa O o8y
— o175 2s0cTC
DAISY ( ——p] IEI Zs0A 6T €0 E i
Nt RESET
CHAIN o
INTERRUPT {‘— = &
CONTROL | < Nt e o
CLK +5V GND
Figure 1. Pin Functions Figure 2. Pin Assignments
2041:0144, 0155
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Functional

The Z-80 CTC has four independent counter/

.a preset down-counter.

Description timer channels. Each channel is individually Thus, the time interval is an integral mul-
programmed with two words: a control word tiple of the clock period, the prescaler value
and a time-constant word. The control word (16 or 256) and the time constant that is preset
selects the operating mode (counter or timer), in the down-counter. A timer is triggered auto-
enables or disables the channel interrupt, and matically when its time constant value is pro-
selects certain other operating parameters. If grammed, or by an external CLK/TRG input.
the timing mode is selected, the control word Three channels have two outputs that occur
also sets a prescaler, which divides the system at zero count. The first output is a zero-
clock by either 16 or 256. The time-constant count/timeout pulse at the ZC/TO output. The"
word is a value from 1 to 256. fourth channel (Channel 3) does not have a

During operation, the individual counter ZC/TO output; interrupt request is the only
channel counts down from the preset time con- output available from Channel 3.
stant value. In counter mode operation the _The second output is Interrupt Request
counter decrements on each of the CLK/TRG (INT), which occurs if the channel has its
input pulses until zero count is reached. Each interrupt enabled during programming. When
decrement is synchronized by the system the Z-80 CPU acknowledges Interrupt Request,
clock. For counts greater than 256, more than the Z-80 CTC places an interrupt vector on the
one counter can be cascaded. At zero count, data hus.
the down-counter is automatically reset with The four channels of the Z-80 CTC are fully
the time constant value. prioritized and fit into four contiguous slots in

The timer mode determines time intervals as a standard Z-80 daisy-chain interrupt struc-
small as 4 us {Z-80A) or 6.4 us (Z-80) without ture. Channel 0 is the highest priority and
additional logic or software timing loops. Time Channel 3 the lowest. Interrupts can be
intervals are generated by dividing the system individually enabled (or disabled) for each of
clock with a prescaler that decrements the four channels.

Architecture The CTC has four major elements, as shown Internal Control Logic. The CTC internal

' in Figure 3. control logic controls overall chip operating
& CPU bus I/O functions such as the chip enable, reset, and
8 Channel control logic read/write logic.
B Interrupt logic Interrupt Logic. The interrupt control logic
® Counter/timer circuits ensures that the CTC interrupts interface prop-
CPU Bus I/0. The CPU bus I/O circuit erly with the Z-80 CPU interrupt system. The
decodes the address inputs, and interfaces the logic controls the interr upt priority °.f the CTC
CPU data and control signals to the CTC for as a function of .th‘? IEI Slqnal'. It IEL is High,
distribution on the internal bus. the CTC has priority. During interrupt
INTERNAL
DATA _—_a__> cry | W
2l B K ) e | — -
CONTROL <__c_—__ [ Ie0
COUNTER/ E zemo
TIMER
_\__3 LOGIC & CLKTRG
Figure 3. Functional Block Diagram
60 20410157
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Architecture
(Continued)

processing, the interrupt logic holds IEO Low,
which inhibits the interrupt operation on lower
priority devices. If the IEI input goes Low,
priority is relinquished and the interrupt logic
drives IEO Low.

If a channel is programmed to request an
interrupt, the interrupt logic drives IEO Low at
the zero count, and generates an INT signal to
the Z-80 CPU. When the Z-80 CPU responds
with interrupt acknowledge (M1 and IORQ),
then the interrupt logic arbitrates the CTC
internal priorities, and the interrupt control
logic places a unique interrupt vector on the
data bus.

If an interrupt is pending, the interrupt logic
holds IEO Low. When the Z-80 CPU issues a
Return From Interrupt (RETI) instruction, each
peripheral device decodes the first byte
(EDj6). If the device has a pending interrupt,
it raises IEO (High) for one M1 cycle. This
ensures that all lower priority devices can
decode the entire RETI instruction and reset

properly.

F CHANNEL
CONTROL
’_:’\-V LoaGic

j TIME
CONSTANT
REGISTER

LN e |

WN-

COUNTER zomo

INTERNAL BUS

Figure 4. Counter/Timer Block Diagram

Counter/Timer Circuits. The CTC has four
independent counter/timer circuits, each con-
taining the logic shown in Figure 4.

Channel Control Logic. The channel control
logic receives the 8-bit channel control word
when the counter/timer channel is pro-

grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

B Interrupt enable (or disable)

8 Operating mode (timer or counter)

® Timer mode prescaler factor (16 or 256)

®m Active slope for CLK/TRG input

B Timer mode trigger (automatic or CLK/TRG
input)

B Time constant data word to follow

® Software reset

Time Constant Register. When the counter/
timer channel is programmed, the time con-
stant register receives and stores an 8-bit time
constant value, which can be anywhere from 1
to 256 (0 = 256). This constant is automatic-
ally loaded into the down-counter when the
counter/timer channel is initialized, and subse-
quently after each zero count.

Prescaler. The prescaler, which is used only
in timer mode, divides the system clock fre-
quency by a factor of either 16 or 256. The
prescaler output clocks the down-counter dur-
ing timer operation. The effect of the prescaler
on the down-counter is a multiplication of the
system clock period by 16 or 256. The pre-
scaler factor is programmed by bit 5 of the
channel control word.

Down-Counter. Prior to each count cycle, the
down-counter is loaded with the time constant
register contents. The counter is then
decremented one of two ways, depending on
operating mode:

B By the prescaler output (timer mode)

B By the trigger pulses into the CLK/TRG
input (counter mode)

Without disturbing the down-count, the Z-80
CPU can read the count remaining at any time
by performing an I/O read operation at the
port address assigned to the CTC channel.
When the down-counter reaches the zero
count, the ZC/TO output generates a positive-
going pulse. When the interrupt is enabled,
zero count also triggers an interrupt request
signal (INT) from the interrupt logic.

2041-0158
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Programming

Each Z-80 CTC channel must be pro-
grammed prior to operation. Programming
consists of writing two words to the I/O port
that corresponds to the desired channel. The .
first word is a control word that selects the
operating mode and other parameters; the
second word is a time constant, which is a
binary data word with a value from 1 to 256. A
time constant word must be preceded by a
channel control word.

After initialization, channels may be
reprogrammed at any time. If updated control
and time constant words are written to a chan-
nel during the count operation, the count con-
tinues to zero before the new time constant is
loaded into the counter.

If the interrupt on any Z-80 CTC channel is
enabled, the programming procedure should
also include an interrupt vector. Only one vec-
tor is required for all four channels, because
the interrupt logic automatically modifies the
vector for the channel requesting service.

A control word is identified by a 1 in bit O.
A ] in bit 2 indicates a time constant word is to
follow. Interrupt vectors are always addressed
to Channel 0, and identified by a 0 in bit 0.

Addressing. During programming, channels
are addressed with the channel select pins CS;
and CS;. A 2-bit binary code selects the
appropriate channel as shown in the following
table.

Channel CS; CSo
0 0 0
1 0 1
2 1 0
3 1 1

Reset. The CTC has both hardware and soft-
ware resets. The hardware reset terminates all
down-counts and disables all CTC interrupts
by resetting the interrupt bits in the control
registers. In addition, the ZC/TO and Interrupt
outputs go inactive, IEO reflects IEl, and

Do-D7 go to the high-impedance state. All
channels must be completely reprogrammed
after a hardware reset.

The software reset is controlled by bit 1 in
the channel control word. When a channel
receives a software reset, it stops counting.
When a software reset is used, the other bits in
the control word also change the contents of
the channel control register. After a software
reset a new time constant word must be written
to the same channel.

If the channel control word has both bits D)
and Dg set to 1, the addressed channel stops
operating, pending a new time constant word.
The channel is ready to resume after the new
constant is programmed. In timer mode, if
D3 = 0, operation is triggered automatically
when the time constant word is loaded.

Channel Control Word Programming. The
channel control word is shown in Figure 5. It
sets the modes and parameters described
below.

Interrupt Enable. D7 enables the interrupt, so
that an interrupt output (INT) is generated at
zero count. Interrupts may be programmed in
either mode and may be enabled or disabled
at any time.

Operating Mode. Dg selects either timer or
counter mode.

Prescaler Factor. (Timer Mode Only). Ds
selects factor—either 16 or 256.

Trigger Slope. D4 selects the active edge or
slope of the CLK/TRG input pulses. Note that
reprogramming the CLK/TRG slope during
operation is equivalent to issuing an active
edge. If the trigger slope is changed by a con-
trol word update while a channel is pending
operation in timer mode, the result is the same
as a CLK/TRG pulse and the timer starts.
Similarly, if the channel is in counter mode,
the counter decrements.

[o: T Jos 0. o3 To: [0 Tos )

INTERRUPT
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT

moDE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

PRESCALER vALUE"
1 = VALUE OF 256
0 = VALUE OF 16

CLK/TRG EDGE SELECTION
0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

CONTROL OR VECTOR
0 = VECTOR

1 = CONTROL WORD
RESET

0 = CONTINUED OPERATION
1 = SOFTWARE RESET

TIME CONSTANT
0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

TIMER TRIGQER*

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Programming Trigger Mode (Timer Mode Only). Dj selects

(Continued)

the trigger mode for timer operation. When D3
is reset to 0, the timer is triggered automatic-
ally. The time constant word is programmed
during an /O write operation, which takes one
machine cycle. At the end of the write opera-
tion there is a setup delay of one clock period.
The timer starts automatically (decrements) on
the rising edge of the second clock pulse (T5)
of the machine cycle following the write opera-
tion. Once started, the timer runs contin-
uously. At zero count the timer reloads
automatically and continues counting without
interruption or delay, until stopped by a reset.

When Dj is set to 1, the timer is triggered
externally through the CLK/TRG input. The
time constant word is programmed during an
1/O write operation, which takes one machine
cycle. The timer is ready for operation on the
rising edge of the second clock pulse (T3) of
the following machine cycle. Note that the first
timer decrement follows the active edge of the
CLK/TRG pulse by a delay time of one clock
cycle if a minimum setup time to the rising
edge of clock is met. If this minimum is not
met, the delay is extended by another clock
period. Consequently, for immediate trigger-
ing, the CLK/TRG input must precede T3 by
one clock cycle plus its minimum setup time. If
the minimum time is not met, the timer will
start on the third clock cycle (T3).

Once started the timer operates contin-
uously, without interruption or delay, until
stopped by a reset.

Time Constant to Follow. A 1 in D; indicates
that the next word addressed to the selected
channel is a time constant data word for the
time constant register. The time constant word
may be written at any time.

A 0 in Dy indicates no time constant word is
to follow. This is ordinarily used when the
channel is already in operation and the new
channel control word is an update. A channel
will not operate without a time constant value.
The only way to write a time constant value is
to write a control word with Dj set.

L2210 f0s {o.JOs [0s 0, oo |

)]s

TCs TCs

Figure 6. Time Constant Word

Software Reset. Setting D} to 1 causes a soft-
ware reset, which is described in the Reset
section.

Control Word. Setting Dg to 1 identifies the
word as a control word.

Time Constant Programming. Before a chan-
nel can start counting it must receive a time
constant word from the CPU. During program-
ming or reprogramming, a channel control
word in which bit 2 is set must precede the
time constant word to indicate that the next
word is a time constant. The time constant
word can be any value from 1 to 256 (Figure
6). Note that 00j¢ is interpreted-as 256.

In timer mode, the time interval is controlled
by three factors:

@ The system clock period (¢)

B The prescaler factor (P), which multiplies
the interval by either 16 or 256

@ The time constant (T), which is programmed
into the time constant register

Consequently, the time interval is the pro-
duct of ¢ X P xT. The minimum timer resolu-
tion is 16 X ¢ (4 us with a 4 MHz clock). The
maximum timer interval is 256 X ¢ x 256 (16.4 ms
with a 4 MHz clock). For longer intervals
timers may be cascaded.

Interrupt Vector Programming. If the Z-80
CTC has one or more interrupts enabled, it
can supply interrupt vectors to the Z-80 CPU.
To do so, the Z-80 CTC must be pre-pro-
grammed with the most-significant five bits of
the interrupt vector. Programming consists of
writing a vector word to the I/O port cor-
responding to the Z-80 CTC Channel 0. Note
that Dy of the vector word is always zero, to
distinguish the vector from a channel control
word. D} and D; are not used in programming
the vector word. These bits are supplied by
the interrupt logic to identify the channel
requesting interrupt service with a unique
interrupt vector (Figure 7). Channel O has the
highest priority.

|0, 06 {0y |04 | n,[o,[o.[D-I

I ‘ 0= INTEIRUFT VEC'I’OI WORD
Vi-V3

SUPPLIED 1 = CONTROL

BY USER
CHANNEL IDENTIFIER
(AUTOMATICAI.LV INSERTED

0 0 = CHANNELO
0 1 = CHANNEL 1
1 0 = CHANNEL2
1 1 = CHANNELJ

Figure 7. Interrupt Vector Word
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Pin

CE. Chip Enable (inpuit, active Low). When

IEL. Interrupt Enable In (input, active High).

Description  enabled the CTC accepts control words, inter- A High indicates that no other interrupting
rupt vectors, or time constant data words from devices of higher priority in the daisy chain
the data bus during an 1/O write cycle; or are being serviced by the Z-80 CPU.
transmits the contents of the down-counter to IEO. Interru ;

. . ipt Enable Out (output, active
the CPU during an. /O read cycle.. In most High). High only if IEI is High and the Z-80
applications this signal is decoded from the CPU is not servicing an interrupt from any
eight least significant bits of the address bus 7-80 CTC channel. IEO blocks lower priority
for any of the four I/O port af:ldresses that are devices from interrupting while a higher
mapped to the four counter-timer channels. priority interrupting device is being serviced.
C}I;K. Szy ggem Clock l(m];:ut). Standard single- INT. Interrupt Request (output, open drain,
phase £-80 system clock. active Low). Low when any Z-80 CTC channel
CLK/TRGy-CLK/TRGgy. External Clock/Timer that has been programmed to enable interrupts
Trigger (input, user-selectable active High or has a zero-count condition in its down-counter.
Low). Four pins corresponding to the four Z-80 IORQ. In .
‘ . Input/Output Request (input from CPU,
CTC channels. In counter mode, every active active Low). Used with CE and 'R% to transfer
edge on this pin decrements the down-counter. data and channel control words between the
In timer mode, an active edge starts the timer. Z-80 CPU and the Z-80 CTC. During a write
CSy-CS). Channel Select (inputs active High). cycle, IORQ and CE are active and RD
Two-bit binary address code selects one of the inactive. The Z-80 CTC does not receive a
four CTC channels for an I/O write or read specific write signal; rather, it internally
(usually connected to Ag and A)). generates its own from the inverse of an active
DD, Sptem Doto Bt ecnal, e e comams o the G commr
between the Z-80 CPU and the Z-80 CIC. are read by the Z-8Q CPU. It IORQ and Ml are
both true, the CPU is acknowledging an inter-
rupt request, and the highest priority inter-
oeee rupting channel places its interrupt vector on
the Z-80 data bus.
M1. Machine Cycle One (input from CPU,
<:> <:> active Low). When M1 and IORQ are active,
8V the Z-80 CPU is acknowledging an interrupt.
ceru P10 The Z-80 CTC then places an interrupt vector
el - on the data bus if it has highest priority, and if
" ) a channel has requested an interrupt (INT).
RD. Read Cycle Status (input, active Low).
L] Used in conjunction with IORQ and CE to
sy transfer data and channel control words
1 between the Z-80 CPU and the Z-80 CTC.
181 E—
zcmo, <:> RESET. Reset (input active Low). Terminates
zmzc.,.—, - - all down-counts and disables all interrupts by
1e0 resetting the interrupt bits in all control
l registers; the ZC/TO and the Interrupt outputs
. = go inactive; IEO reflects IEI; Dg-D7 go to the
i ® high-impedance state.
xce ZC/TOy-2ZC/TO3. Zero Count/Timeout (output,
Txcs active High). Three ZC/TO pins corresponding
T ROY to Z2-80 CTC channels 2 through 0 (Channel 3
s10 oMa has no ZC/TO pin). In both counter and timer
modes the output is an active High pulse when
<:> <;:> the down-counter decrements to zero.
Figure 8. A Typical 2-80 Envlrom'nonl
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Timing Read Cycle Timing. Figure 9 shows read
cycle timing. This cycle reads the contents of a
down-counter without disturbing the count.
During clock cycle T, the Z-80 CPU initiates a
read cycle by driving the following inputs
Low: RD, IORQ, and CE. A 2-bit binary code
at inputs CS) and CSy selects the channel to
be read. M1 must be High to distinguish this
cycle from an interrupt acknowledge. No addi-
tional wait states are allowed.

T T2 Twa Ty T

w_ M ririr
K cranneLaooress X

€80, C84, CK

-{ our )

DATA
N/

Figure 9. Read Cycle Timing

Write Cycle Timing. Figure 10 shows write
cycle timing for loading control, time constant
or vector words.

The CTC does not have a write signal input,
so it generates one internally when the read
(BD) input is High during T). During T3
IORQ and CE inputs are Low. M1 must be
High to distinguish a write cycle from an inter-
rupt acknowledge. A 2-bit binary code at
inputs CS) and CSy selects the channel to be
addressed, and the word being written is
placed on the Z-80 data bus. The data word is

T T2 Twa T T

LK
e LML LT

cSo, €S9, i X cuanneLacoress X
ioRG \ /
ERELY
W s
-t
..... —-——y
Wi/

OATA X wn X

Figure 10. Write Cycle Timing

latched into the appropriate register with the
rising edge of clock cycle Ts.

CLKITRG

START TIMING

INTERNAL
TiMEm
Figure 11. Timer Mode Timing

Timer Operation. In the timer mode, a
CLK/TRG pulse input starts the timer (Figure
11) on the second succeeding rising edge of
CLK. The trigger pulse is asynchronous, and it
must have a minimum width. A minimum lead
time (210 ns) is required between the active
edge of the CLK/TRG and the next rising edge
of CLK to enable the prescaler on the follow-
ing clock edge. If the CLK/TRG edge occurs
closer than this, the initiation of the timer
function is delayed one clock cycle. This cor-
responds to the startup timing discussed in the
programming section. The timer can also be
started automatically if so programmed by the
channel control word.

AR
=

Figure 12. Counter Mode Timing

CLKITRG

INTERNAL
COUNTER

zcrvo

Counter Operation. In the counter mode, the
CLK/TRG pulse input decrements the down-
counter. The trigger is asynchronous, but the
count is synchronized with CLK. For the
decrement to occur on the next rising edge of
CLK, the trigger edge must precede CLK by a
minimum lead time as shown in Figure 12. If
the lead time is less than specified, the count
is delayed by one clock cycle. The trigger
pulse must have a minimum width, and the
trigger period must be at least twice the clock
period. ’

The ZC/TO output occurs immediately after
zero count, and follows the rising CLK edge.

20410162, 0163, Cl164, 0165
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Interrupt
Operation

+5V

[ ey P

MHIGHEST PRIORITY
DEVICE

The Z-80 CTC follows the Z-80 system inter-
rupt protocol for nested priority interrupts and
return from. interrupt, wherein the interrupt
priority of a peripheral is determined by its
location in a daisy chain. Two lines—IEI and
IEO—in the CTC connect it to the system daisy
chain. The device closest to the +5 V supply
has the highest priority (Figure 13). For addi-
tional information on the Z-80 interrupt struc-
ture, refer to the Z-80 CPU Product Specifica-
tion and the Z-80 CPU Technical Manual.

LOWESY PRIORITY
DEVICE

DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3

ot ol e el

Figure 13. Daisy-Chain Interrupt Priorities

Within the Z2-80 CTC, interrupt priority is
predetermined by channel number: Channel 0
has the highest priority, and Channel 3 the
lowest. If a device or channel is being serviced
with an interrupt routine, it cannot be inter-
rupted by a device or channel with lower
priority until service is complete. Higher
priority devices or channels may interrupt the
servicing of lower priority devices or channels.

A Z-80 CTC channel may be programmed to
request an interrupt every time its down-
counter reaches zero. Note that the CPU must
be programmed for interrupt mode 2. Some
time after the interrupt request, the CPU sends
an interrupt acknowledge. The CTC interrupt
control logic determines the highest priority
channel that is requesting an interrupt. Then,
if the CTC IEI input is High (indicating that it
has priority within the system daisy chain) it
places an 8-bit interrupt vector on the system
data bus. The high-order five bits of this vector

L]
& / \
DATA { vecron )

N/

Figure 14. Interrupt Acknowledge Timing

were written to the CTC during the program-
ming process; the next two bits are provided
by the CTC interrupt control logic as a binary
code that identifies the highest priority chan-
nel requesting an interrupt; the low-order bit
is always zero.

Interrupt Acknowledge Timing. Figure 14
shows interrupt acknowledge timing. After an
interrupt request, the Z-80 CPU sends an inter-
rupt acknowledge (M1 and IORQ). All chan-
nels are inhibited from changing their inter-
rupt request status when M1 is active—about
two clock cycles earlier than IORQ. RD is
High to distinguish this cycle from an instruc-
tion fetch.

The CTC interrupt logic determines the
highest priority channel requesting an inter-
rupt. If the CTC interrupt enable input (IEI) is
High, the highest priority interrupting channel
within the CTC places its interrupt vector on
the data bus when IORQ goes Low. Two wait
states (Twa) aie automatically inserted at this
time to allow the daisy chain to stabilize. Addi-
tional wait states may be added.

Return from Interrupt Timing. At the end of
an interrupt service routine the RETI (Return
From Interrupt) instruction initializes the daisy
chain enable lines for proper control of nested
priority interrupt handling. The CTC decodes
the 2-byte RETI code internally and determines
whether it is intended for a channel being ser-
viced. Figure 15 shows RETI timing.

If several Z-80 peripherals are in the daisy

" chain, IEI settles active (High) on the chip

currently being serviced when the opcode
ED¢ is decoded. If the following opcode is
4D, the peripheral being serviced is released
and its IEO becomes active. Additional wait
states are allowed.

Do-D7 (e ) 1‘ w® "
w ;’

1 : /-_

Figure 15. Return From Interrupt Timing

2041-0166, 0167, 0168

“Reproduced by permission #1983 Zilog. inc.
This material shall not be reproduced without
the written consent of Zilog, Inc.”



Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Maxi-

Maximum with respecttoGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Rati ) ] o This is a stress rating only; operation of the device at any
atings Operating Ambient As Specifiedin  condition above those indicated in the operational sections
Temperature ........... Ordering Information of these specifications is not implied. Exposure to absolute
N o maximum rating conditions for extended periods may affect
Storage Temperature. . ... ... -65°Cto +150°C device reliability.
Test The characteristics below apply for the *See Ordering Information section for package
Conditions  following test conditions, unless otherwise temperature range and product number.
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer- 8y
enced pin. Available operating temperature 2
ranges are: oM ouTPUT
UNDER TEST
m S* = 0°C to +70°C,
+475V =V, =< +5.28V 100 0F o
®mE' = -40°C to +85°C, ]:
+4.75V<Veec=< +5.25V T =T =
m M = -55°Cto +125°C,
+45V=sVe =< #5685V
DC Symbol Parameter Min Max Unit Test Condition
Character- :
istics Vie Clock Input Low Voltage -03 +045 V
Vine Clock Input High Voltage Vee-6 Vee+ 3V
ViL Input Low Voltage -0.3 +0.8 v
Vin Input High Voltage +2.0 Ve \'
VoL Output Low Voltage +0.4 \'A Io. = 2mA
Vou Output High Voltage +2.4 \' Ioy= -250 4A
Ice Power Supply Current +20 mA
I Input Leakage Current +10  4A Vin = Oto Ve
Ilo 3-State Output Leakage Current in Float +10 4A Vour = 0.4 to Ve
lonp Darlington Drive Current -1.5 mA Vou =15V
Rexr = 3900
Symbol Parameter Max Unit Condition
CLK Clock Capacitance 20 pF Unmeasured pins
Cin Input Capacitance 5 returned to ground
Cour Output Capacitance 10
Tp = 25°C, f = 1 MHz
8085-0239 67
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Z-80 CTC Z-80A CTC Z-80B CTC
Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ms) Notes*
1 TcC Clock Cycle Time 400 (1} 250 (1) 165 (1)
2 TwCH Clock Wid_th (High) 170 2000 105 2000 65 2000
3 TwCl Clock Width (Low) 170 2000 105 2000 65 2000
4 TiIC Clock Fall Time 30 30 20
§— TrC Clock Rise Time 30 30 20
6 Th All Hold Times 0 0 0
7  TsCS(C) CS to Clock 1 Setup Time 250 160 100
8 TsCE(C) CE to Clock 1 Setup Time 200 150 100
9  TslO(C) IORQ | to Clock 1 Setup Time 250 115 70
10 — TsRD(C) —— RD | to Clock 1 Setup Time —— 240 115 70
11 TdC(DO) Clock 1 to Data Out Delay 240 200 130 [2)
12 TdC(DOz) Clock | to Data Out Float Delay 230 110 . 90
13 TsDI(C) Data In to Clock 1 Setup Time 60 50 40
14  TsMI(C) ‘M1 to Clock 1 Setup Time 210 90 70
15 — TdMI(IEO)—— M1 | to IEO | Delay (Interrupt
immediately preceding M1) 300 190 130 [3]
16  TAIO(DOI) IORQ | to Data Out Delay 340 160 110 2}
(INTA Cycle)
17 TdIEKIEOf) 1EI | to IEO | Delay 190 130 100 [3]
18  TdIEKIEOr) 1EI t to IEO t Delay
(After ED Decode) 220 160 110 (3]
19  TdC(INT) Clock | to INT | Delay (TcC +200) (TcC+140) TcC+120 [4)
20 — TdCLK(INT)— CLK/TRG t to INT |
tsCTR(C) satisfied (19) + (26) (19) +(26) (19) +(26) {5]
tsCTR(C) not satisfied (1) +(19) +(26) (1) +(19) +(26) (1) +(19) +(26) [5)
21 TcCTR CLK/TRG Cycle Time (2TcC) (2TcC) 2TcC )]
22 TrCTR CLK/TRG Rise Time 50 50 40
23 TICTR CLK/TRG Fall Time 50 50 40
24 TwCTRI CLK/TRG Width (Low) 200 200 120
25 — TwCTRh ——— CLK/TRG Width (High) 200 200 120
26 TsCTR(Cs) CLK/TRG 1 to Clock ! Setup
Time for Immediate Count 300 210 150 , {5)
27  TsCTR(Ct) CLK/TRG 1 to Clock 1 Setup
Time for enabling of Prescaler -
on following clock! 210 210 150 ] [4)
28 TdC(ZC/TOr) Clock ! to ZC/TO 1 Delay 260 190 140
29 TdC(ZC/TOf) Clock | to ZC/TO | Delay 190 190 140

[A] 2.5 TcC > (n-2) TAIEKIEOf) + TdMI(IEO) + TsIEKIO)
+_TTL buffer delay, if any.
[B] RESET must be active for a minimum of 3 clock cycles.

NOTES:
{1} TeC = TwCh + TwCl + TrC + TIC.
[2) Increase delay by 10 ns for each S0 pF increase in loading,
200 pF maximum for data lines, and 100 pF for control lines.

[3) Increase delay by 2 ns for each 10 pF increase in loading,
100 pF maximum.

{4) Timer mode.

{5} Counter mode.

{6) RESET must be active for a minimum of 3 clock cycles.

* All timings are preliminary and subject to change.
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Product Package/ Product Package/

Number Temp  Speed Description Number Temp Speed Description

28430 CE 2.5 MHz 280 CTC (28-pin) Z8430A CMB 4.0 MHz Z80A CTC (28-pin)
28430 CM 2.5 MHz Same as above Z8530A Cs 4.0 MHz Same as above
28430 CMB 2.5 MHz Same as above Z8430A DE 4.0 MHz Same as above
28430 Cs 2.5 MHz Same as above Z8430A DS 4.0 MHz Same as above
28430 DE 2.5 MHz Same as above Z8430A PE 4.0 MHz Same as above
28430 DS 2.5 MHz Same as above Z8430A PS 4.0 MHz Same as above
28430 PE 2.5 MHz Same as above 28430B CS 6.0 MHz Same as above
28430 PS 25MHz  Same as above Z8430B DS 6.0MHz  Same as above

Z8430A CE 4.0 MHz Z80A CTC (28-pin)  78430B PS 6.0 MHz Same as above
Z8430A CM 4.0 MHz Same as above :

*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with
MI1.-STD-883 Class B processing, S = 0°C to +70°C.
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Z8470 Z80° DART
Dual Asynchronous
Receiver/Transmitter

Zilog g;:::ll‘;f:auon

September 1983
Features B Two independent full-duplex channels with B Break generation and detection as well as
separate modem controls. Modem status can parity-, overrun- and framing-error detec-
be monitored. tion are available.

B In x] clock mode, data rates are 0 to 500K B Interrupt features include a programmable
bits/second: with a 2.5 MHz clock, or 0 to interrupt vector, a “'status affects vector”
800K bits/second with a 4.0 MHz clock. mode for fast interrupt processing, and the

B Receiver data registers are quadruply buf- standard Z-80 periphergl dale'Cha“f inter-
fered; the transmitter is doubly buffered. rupt structure that provides automatic inter-

rupt vectoring with no external logic.

® Programmable options include 1, 1%z or 2 ) . L
stop bits; even, odd or no parity; and x1, B On-chip logic for ring indication and
x16, x32 and x64 clock modes. carrier-detect status.

Description The Z-80 DART (Dual-Channel Asynchro- modem controls are not needed, these lines
nous Receiver/Transmitter) is a dual-channel can be used for general-purpose I/O.
multi-function peripheral component that Zilog also offers the Z-80 SIO, a more ver-
satisfies a wide variety of asynchronous serial satile device that provides synchronous
data communications requirements in micro- (Bisync, HDLC and SDLC) as well as asyn-
computer systems. The Z-80 DART is used as a chronous operation:
serial-to-parallel, parallel-to-serial converter/ The Z-80 DART is fabricated with n-channel
controller in asynchronous applications. In silicon-gate depletion-load technology, and is
addition, the device also provides modem con- packaged in a 40-pin plastic or ceramic DIP.
trols for both channels. In applications where

( Dy @——f f——— AXDA )
Dy ] e AxCA
Dyt j————a TxDA
CPU Dy —— | TxCA
°:,',:* Pypa— T
Dy } CH-A
Dy ] |¢—— RA
\ oy -
o MoomM
L
( CE—> |- e— BTBA J
RESEY —t] Z-80 DART
l—— 2-80 DART
GOIYIOI.J 1ORG ] R—— 3 " 2
rRONY  o—] e WY
- Tx08
PY S——— | f——> WIRDYB
SRS, S— »cus
DAISY [} Pr— e zrsg | MODEM
mu:::p"r'{ 11— —omms [ T
CONTROL 1£0 +——i le——oc8 J
+SV GND CLK
Figure 1. 280 DART Pin Fupctions Figure 2. Pin Assignments
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Pin
Description

- B/A. Channel A Or B Select (input, High

selects Channel B). This input defines which
channel is accessed during a data transfer be-
tween the CPU and the Z-80 DART.

C/D. Control Or Data Select (input, High
selects Control). This input specifies the type
of information (control or data) transferred on
the data bus between the CPU and the Z-80
DART.

CE. Chip Enable (input, active Low). A Low at
this input enables the Z-80 DART to accept
command or data input from the CPU during a
write cycle, or to transmit data to the CPU
during a read cycle.

CLK. System Clock (input). The Z-80 DART
uses the standard Z-80 single-phase system
clock to synchronize internal signals.

CTSA, CTSB. Clear To Send (inputs, active

Low). When programmed as Auto Enables, a
Low on these inputs enables the respective
transmitter. If-not programmed as Auto
Enables, these inputs may be programmed as
general-purpose inputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-
risetime signals.

D¢-D;. System Data Bus {bidirectional,
3-state) transfers data and commands between
the CPU and the Z-80 DART.

DCDA. DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables if the Z-80 DART is programmed for
Auto Enables; otherwise they may be used as
general-purpose input pins. Both pins are
Schmitt-trigger buffered.

DTRA . DTRB. Data Terminal Ready (outputs,
active Low). These outputs {ollow the state pro-
grammed into the DTR bit. They can also be
programmed as general-purpose outputs.

IEl. Interrupt Enable In (input, active High) is
used with IEO to form a priority daisy chain
when there is more than one interrupt-driven
device. A High on this line indicates that no
other device of higher priority is being ser-
viced by a CPU interrupt service routine.

IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the,
CPU is not servicing an interrupt from this
Z-80 DART. Thus, this signal blocks lower
priority devices from interrupting while a
higher priority device is being serviced by its
CPU interrupt service routine. .
INT. /nterrupt Request (output, open drain,

active Low). When the Z-80 DART is re-
questing an interrupt, it pulls INT Low.

MI1. Machine Cycle One (input from Z-80
CPU, active Low). When M1 and RD are both
active, the Z-80 CPU is fetching an instruction
from memory; when M1 is active while IORQ is
active, the Z-80 DART accepts M1 and IORQ

as an interrupt acknowledge if the Z-80 DART
is the highest priority device that has inter-
rupted the 2-80 CPU.

IORQ. Input/Output Request (input from CPU,
active Low). IORQ is used in conjunction with
B/A, C/D, CE and RD to transfer commands
and data between the CPU and the Z-80
DART. When (_ff RD and IORQ are all
active, the channel selected by B/A transfers
data to the CPU (a read operation). When CE
and IORQ are active, but RD is inactive, the
channel selected by B/A is written to by the
CPU with either data or control information as
sp_ecified by C/D. :

RxCA, RxCB. Receiver Clocks (inputs).
Receive data is sampled on the rising edge of
RxC. The Receive Clocks may be 1, 16, 32 or
64 times the data rate.

RD. Read Cycle Status. (input from CPU, ac-
tive Low). If RD is active, a memory or I/O
read operaticn is in progress.

RxDA, RxDB. Receive Data (inputs, active
High).

RESET. Reset (input, active Low). Disables
both receivers and transmitters, forces TxDA
and TxDB marking, forces the modem controls
High and disables all interrupts.

RIA, RIB. Ring Indicator (inputs, Active
Low). These inputs are similar to CTS and
DCD. The Z-80 DART detects both logic level
transitions and interrupts the CPU. When not
used in switched-line applications, these inputs
can be used as general-purpose inputs.

RTSA. RTSB. Request fo Send (outputs,
active Low). When the RTS bit is set, the RTS
output goes Low. When the RTS bit is reset,
the output goes High after the transmitter
empties.

TxCA. TxCB. Transmitter Clocks (inputs). TxD
changes on the falling edge of TxC. The
Transmitter Clocks may be 1, 16, 32 or 64
times the data rate; however, the clock
multiplier for the transmitter and the receiver
must be the same. The Transmit Clock inputs
are Schmitt-trigger buffered. Both the Receiver
and Transmitter Clocks may be driven by the -
Z-80 CTC Counter Time Circuit for program-
mable baud rate generation.

TxDA, TxDB. Transmzt Data (outputs, active
High).

W/RDYA., W/RDYB. Wait/Ready (outputs,
open drain when programmed for Wait func-
tion, driven High and Low when programmed
for Ready function). These dual-purpose out-
puts may be programmed as Ready lines for a
DMA controller or as Wait lines that syn-
chronize the CPU to the Z-80 DART data rate.
The reset state is open drain.
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Functional The functional capabilities of the Z-80 DART The first part of the following functional
Description  can be described from two different points of description introduces Z-80 DART data com-
view: as a data communications device, it munications capabilities; the second part
transmits and receives serial data, and meets describes the interaction between the CPU and
the requirements of asynchronous data com- the Z-80 DART.
munications protocols; as a Z-80 family The 2-80 DART offers RS-232 serial com-
peripheral, it interacts with the Z-80 CPU and munications support by providing device
other Z-80 peripheral circuits, and shares the signals for external modem control. In addition
data, address and control buses, as well as to dual-channel Request To Send, Clear To
being a part of the Z-80 interrupt structure. As Send, and Data Carrier Detect ports, the Z-80
a peripheral to other microprocessors, the Z-80 DART also features a dual channel Ring In-
DART offers valuable features such as non- dicator (RIA, RIB) input to facilitate
vectored interrupts, polling and simple hand- local/remote or station-to-station communica-
shake capability. tion capability.
Communications Capabilities. The Z-80 Framing errors and overrun errors are
DART provides two independent full-duplex detected and buffered together with the
channels for use as an asynchronous character on which they occurred. Vectored
receiver/transmitter. The following is a short interrupts allow fast servicing of interrupting
description of receiver/transmitter capabilities. conditions using dedicated routines. Further-
For more details, refer to the Asynchronous more, a built-in checking process avoids inter-
Mode section of the Z-80 SIO Technical preting a framing error as a new start bit: a
Manual. The Z-80 DART offers transmission framing error results in the addition of one-half
and reception of five to eight bits per a bit time to the point at which the search for
character, plus optional even or odd parity. the next start bit is begun.
The transmitter can supply one, one and a half The Z-80 DART does not require symmetric
or two stop bits per character and can provide Transmit and Receive Clock signals—a feature
a break output at any time. The receiver break that allows it to be used with a Z-80 CTC or
detection logic interrupts the CPU both at the any other clock source. The transmitter and
start and end of a received break. Reception is receiver can handle data at a rate of 1, 1/16,
protected from spikes by a transient spike re- 1/32 or 1/64 of the clock rate supplied to the
jection mechanism that checks the signal one- Receive and Transmit Clock inputs. When
half a bit time after a Low level is detected on using Channel B, the bit rates for transmit and
the Receive Data input. If the Low does not receive operations must be the same because
persist—as in the case of a transient—the RxC and TxC are bonded together (RxTxCB).
character assembly process is not started.
1/0 Interface Capabilities. The Z-80 DART and from the CPU. The Block Transfer mode
offers the choice of Polling, Interrupt (vectored  can be implemented under CPU or DMA
or non-vectored) and Block Transfer modes to control.
transfer data, status and control information to
[ SERIAL DATA
’_:> CHANNELA I CHANNEL CLOCKS
lgg’s‘lri::t CNANNEI..TA = WAITIREADY
LOGIC REQGISTERS
et B wemen |,
p—t
oo (2 T =
. sbeyo < INTERNAL BUS
CONTROL 4 [
— U @ N S, S S
"y le— AiB
- 1 CHANNEL 8 .
Covest =] “Yome- EGisTERs
[T semiAL DATA
_—_> CHANNEL 8 E CHANNEL CLOCK
+5VGND CLK
Figure 3. Block Diagram
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Functional
Description
(Continued)

POLLING. There are no interrupts in the
Polled mode. Status registers RRO and RR1 are
updated at appropriate times for each function
being performed. All the interrupt modes of
the Z-80 DART must be disabled to operate the
device in a polled environment.

While in its Polling sequence, the CPU
examines the status contained in RRO for each
channel; the RRO status bits serve as an
acknowledge to the Poll inquiry. The two RRO

status bits Dy and D, indicate that a data
transfer is needed. The status also indicates
Error or other special status conditions (see
*Z-80 DART Programming”). The Special
Receive Condition status contained in RR1
does not have to be read in a Polling sequence
because the status bits in RR1 are accom-
panied by a Receive Character Available
status in RRO.

INTERRUPTS. The Z2-80 DART offers an
elaborate interrupt scheme that provides fast
interrupt response in real-time applications. As
a member of the Z-80 family, the Z-80 DART
can be daisy-chained along with other Z-80
peripherals for peripheral interrupt-priority
resolution. In addition, the internal interrupts
of the Z-80 DART are nested to prioritize the
varicus interrupts generated by Channels A
and B. Channel B registers WR2 and RR2 con-
tain the interrupt vector that points to an inter-
rupt service routine in the memory. To
eliminate the necessity of writing a status
analysis routine, the Z-80 DART can modify the
interrupt vector in RR2 so it points directly to
one of eight interrupt service routines. This is
done under program control by setting a pro-
gram bit (WR1, D,) in Channel B called
“'Status Affects Vector.” When this bit is set,
the interrupt vector in RR2 is modified accord-
ing to the assigned priority of the various
interrupting conditions.

" Transmit interrupts, Receive interrupts and
External/Status interrupts are the main sources
of interrupts. Each interrupt source is enabled
under program control with Channel A having
a higher priority than Channel B, and with
Receiver, Transmit and External/Status inter-
rupts prioritized in that order within each

" channel. When the Transmit interrupt is

enabled, the CPU is interrupted by the
transmit buffer becoming empty. (This implies
that the transmitter must have had a data
character written into it so it can become

empty.) When enabled, the receiver can inter-
rupt the CPU in one of three ways:

® Interrupt on the first received character
® Interrupt on all received characters
®m Interrupt on a Special Receive condition

Interrupt On First Character is typically
used with the Block Transfer mode. Interrupt
On All Receive Characters can optionally
modify the interrupt vector in the event of
a parity error. The Special Receive Condition
interrupt can occur on a character basis. The
Special Receive condition can cause an inter-
rupt only if the Interrupt On First Receive
Character or Interrupt On All Receive Char-
acters mode is selected. In Interrupt On First
Receive Character, an interrupt can occur
from Special Receive conditions (except Parity
Error) after the first receive character interrupt
(example: Receive Overrun interrupt).

The main function of the External/Status
interrupt is to monitor the signal transitions of
the CTS, DCD and RI pins; however, an
External/Status interrupt is also caused by the
detection of a Break sequence in the data
stream. The interrupt caused by the Break
sequence has a special feature that allows the
Z-80 DART to interrupt when the Break
sequence is detected or terminated. This
feature facilitates the proper termination of the
current message, correct initialization of the
next message, and the accurate timing of the
Break condition.

CPU/DMA BLOCK TRANSFER. The Z-80
DART provides a Block Transfer mode to
accommodate CPU block transfer functions
and DMA block transfers (Z-80 DMA or other
designs). The Block Transfer mode uses the
W/RDY output in conjunction with the
Wait/Ready bits of Write Register 1. The
W/RDY output can be defined under software
control as a Wait line in the CPU Block

Transfer mode or as a Ready line in the DMA
Block Transfer mode.

To a DMA controller, the Z-80 DART Ready
output indicates that the Z-80 DART is ready to

_ transfer data to or from memory. To the CPU,

the Wait output indicates that the Z-80 DART is
not ready to transfer data, thereby requesting
the CPU to extend the I/O cycle.
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Internal

The device internal structure includes a Z-80

organize the programming process.

Architecture CPU interface, internal control and interrupt The logic for both channels provides for-
logic, and two full-duplex channels. Each mats, bit synchronization and validation for
channel contains read and write registers, and data transferred to and from the channel inter-
discrete control and status logic that provides face. The modem control inputs Clear to Send
the interface to modems or other external (CTS), Data Carrier Detect (DCD) and Ring
devices. Indicator (RI) are monitored by the control

The read and write register group includes logic under program control. All the modem
five 8-bit control registers and two status control signals are general purpose in nature
registers. The interrupt vector is written into and can be used for functions other than.
an additional 8-bit register (Write Register 2) modem control.
in Channel B that may be read through Read For automatic interrupt vectoring, the inter-
Register 2 in Channel B. The registers for both rupt control logic determines which channel
channels are designated as follows: and which device within the channel has the

WRO-WRS5 — Write Registers 0 through 5 hlghe§t pnonty.. Prlont'y is fixed with Channel

RRO-RR2 — Read Registers 0 through 2 A assigned a higher priority than Channel B;

9 9 Receive, Transmit and External/Status inter-

The bit assignment and functional grouping rupts are prioritized in that order within each

of each register is configured to simplify and channel.
Data Path. The transmit and receive data path  service a Receive Character Available inter-
“illustrated for Channel A in Figure 4 is iden- rupt in a high-speed data transfer.
tical for both channels. The receiver has three The transmitter has an 8-bit transmit data
8-bit buffer registers in a FIFO arrangement in  register that is loaded from the internal data
addition to the 8-bit receive shift register. This bus, and a 9-bit transmit shift register that is
scheme creates additional time for the CPU to loaded from the transmit data register.
INTERNAL DATA BUS
RECEIVE RECEIVE m
DATA 7] ERROR 7]
e | | mro |
oo S (ot omren [T+ 3458 oo
=1 ey T IBNS o] smr?: %;::vsn '!:no‘c:owj cLookvgoc f=—Tch
it B &
Figure 4. Data Path
2044-003
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Read.

Read Cycle. The timing signals generated by

Status -byte from the Z-80 DART are illustrated

Write and a Z-80 CPU input instruction to read a Data or in Figure Sa.
Interrupt
Timing . . - . . .
Write Cycle. Figure 5b illustrates the timing put instruction to write a Data or Control byte
and data signals generated by a Z-80 CPU out- into the Z-80 DART.
Interrupt Acknowledge Cycle. After receiv- To insure stable conditions in the daisy
ing an Interrupt Request signal (INT pulled chain, all interrupt status signals are prevented
Low), the Z-80 CPU sends an Interrupt from changing while M1 is-Low. When IORQ is
Acknowledge signal (M1 and IORQ both Low). Low, the highest priority interrupt requestor
The daisy-chained interrupt circuits determine (the one with IEI High) places its interrupt vec-
the highest priority interrupt requestor. The IEI tor on the data bus and sets its internal
of the highest priority peripheral is terminated interrupt-under-service latch.
High. For any peripheral that has no interrupt Refer to the Z-80 SIO Technical Manual for
pending or under service, IEO =IEI. Any additional details on the interrupt daisy chain
peripheral that does have an interrupt pending and interrupt nesting.
or under service forces its IEO Low.
Return From Interrupt Cycle. Normally, the When used with other CPUs, the Z-80 DART
Z-80 CPU issues an RETI (Return From Inter- allows the user to return from the interrupt
rupt) instruction at the end of an interrupt ser- cycle with a special command called "Return
vice routine. RETI is a 2-byte opcode (ED-4D) From Interrupt” in Write Register O of Channel
that resets the interrupt-under-service latch to A. This command is interpreted by the Z-80
terminate the interrupt that has just been DART in exactly the same way it would inter-
processed. ' pret an RETI command on the data bus.
T T2 Tw T3 \ T T2 Tw T3 Ty
cLock emchlFlIlllll
CE X/ cHanneLaooress X cE X / cuanneLaooress X
RD
[ 1] [}
DATA j/TuT\, DATA D ¢ w o X
Figure 5a. Read Cycle Figure 5b. Write Cycle
T T2 Tw Tw Ts Ts Ty T2 Ty Ty Ty T Ty Ty Ny
awex LIl oo TUALMLMLMLILMLL
mi \ / [T} \ / \ / | :
|
L
v /S = -
N\ |
o e e Do-Dy ‘\_eo_,‘ (o) :
) 7 § e |
T T T - " I’ :
Loeeran\ m—————
DATA { vector ) :
2o 1/
Figure 5c. Interrupt Acknowledge Cycle Figure 5d. Return from Interrupt Cycle
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Z-80 DART

To program the Z-80 DART, the system pro-

Programming gram first issues a series of commands that

initialize the basic mode and then other com-
mands that qualify conditions within the select-
ed mode. For example, the character length,
clock rate, number of stop bits, even or odd
parity are first set, then the Interrupt mode
and, finally, receiver or transmitter enable.

Both channels contain command registers
that must be programmed via the system pro-
gram prior to operation. The Channel Select
input (B/A) and the Control/Data input (C/D)
are the command structure addressing con-
trols, and are normally controlled by the CPU
address bus.

Write Registers. The Z-80 DART contains six
registers (WR0-WRS) in each channel that are
programmed separately by the system program
to configure the functional personality of the
channels (Figure 4). With the exception of
WRO0, programming the write registers requires
two bytes. The first byte contains three bits
(Dg-D,) that point to the selected register; the
second byte is the actual control word that is
written into the register io configure the Z-80
DART.

WRO is a special case in that all the basic
commands (CMDy-CMD,) can be accessed
with a single byte. Reset (internal or external)
initializes the pointer bits Dy-D; to point to

' WRO. This means that a register cannot be

pointed to in the same operation as a channel
reset.

Write Register Functions

WRO Register pointers, initialization commands for
the various modes, etc.

WRI1 Transmit/Receive interrupt and data transfer
‘mode definition.

WR2 Interrupt vector (Channel B only)
WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters
and modes

WRS Transmit parameters and controls

Read Registers. The Z-80 DART contains
three registers (RRO-RR2) that can be read to
obtain the status information for each channel
(except for RR2, which applies to Channel B
only). The status information includes error
conditions, interrupt vector and standard
communications-interface signals.

To read the contents of a selected read
register other than RRO, the system program
must first write the pointer byte to WRO0 in
exactly the same way as a write register opera-
tion. Then, by executing an input instruction,
the contents of the addressed read register can
be read by the CPU.

The status bits of RRO and RR1 are carefully
grouped to simplify status monitoring. For
example, when the interrupt vector indicates
that a Special Receive Condition interrupt has
occurred, all the appropriate error bits can be
read from a single register (RR1).

Read Register Functions

RRO Transmit/Receive buffer status, interrupt
status and external status

RR1  Special Receive Condition status
RR2 Modified interrupt vector (Channel B only)
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Z-80 DART READ REGISTER 0

:ead and Write [o:Toe o, 0.]0, [0, [0, [0e]
isters
eg I L Rx cHARACTER AvAILABLE
INT PENDING (CH. A ONLY)
. Tx BUFFER EMPTY
oCco
Rl
USED WITH “EXTERNAL/
crs STATUS INTERRUPT"
NOT USED | MODE
BREAK
READ REGISTER 1* READ REGISTER 2
[:To. [0, [0, [0, T0. [0, [05] {07{Pe |05 {0405 [0z {0\ [0}
‘ L acsent I Lv
NOT USED ! viee
~——————— PARITY ERROR vaee
Rx OVERRUN ERROR V3** \ INTERRUPT
FRAMING ERROR va ( VECTOR
NOT USED vs
*Used With Special Receive Condition Mode ve
vr
**Vanable If ""Status Atfects
Vector ' Is Programmed
WRITE REGISTER 0 WRITE REGISTER 1
(o]0 [0, [0, [0 0, [0, To ] (o [oe [0 [0 [os [0, [0, [on]
_ L
r—— 0 0 0 REGISTERO l EXT INT ENABLE
0 0 1 REGISTER1 Tx INT ENABLE
0 1 0 REGISTER2 STATUS AFFECTS VECTOR
0 1 1 REGISTER3 (CH. BONLY)
1 0 0 REGISTER4
1 0 1 REGISTERS 0 0 RxINTDISABLE
0 1 RxINT ON FIRST CHARACTER OR ON
10 INTON ALL Rx CHARACTERS (PARITY | SPECIAL
AFFECTS VECTOR) RECEIVE
oo 8 t‘l :gl;l-ugggi 11 INTON ALL Rx CHARACTERS (PARITY | CONDITION
0 1 0 RESET EXT/STATUS INTERRUPTS DOES NOT AFFECT VECTOR)
0 1 1 CHANNEL RESET WAITIREADY ON R/T
10 0  ENABLE INT ON NEXT Rx CHARACTER
1 0 1  RESET TxINT PENDING WAITIREADY FUNCTION
1 1 0 ERRORRESET Y ENABLE
1 1 1 RETURN FROM INT (CH-A ONLY)
NOT USED
WRITE REGISTER 2 (CHANNEL B ONLY) WRITE REGISTER 3

[o:[oc]os]o.[o,]o, [0 oo [0 0.0, [ou0u 02 [0, [0

i l L vo I L pxenasLe
Vi NOT USED (MUST BE PROGRAMMED 0)
v2 AUTO ENABLES
va 0 0  Rx5BITSICHARACTER
INTERRUPT 0 1 Rx7BITSICHARACTER
va VECTOR 1 0  Rx6BITSICHARACTER
vs 11 Rx8BITS/ICHARACTER
ve
v?
WRITE REGISTER 4 WRITE REGISTER §
L0204 [0s [0 05 [0, [ D, [0 | [o:[0s o, [0x [0, [0: [0, [ 0o ]
—
| L pariry enaee | L noruseo
PARITY EVENIODD RTS -
0 0 NOTUSED NOT USED
0 1 1 STOP BITICHARACTER Tx ENABLE
1 0 1% STOP BITSICHARACTER
1 1 2STOP BITSICHARACTER SEND BREAK
NOT USED 0 0  TxSBITS (OR LESSYCHARACTER
0 1 Tx7BITSICHARACTER
b0 0 X1 CLOCK MODE 10  Tx6BITSICHARACTER
0 1 X16CLOCK MODE 1 1 Tx8BITSICHARACTER
1 0 X32CLOCK MODE oTR
1 1 X64 CLOCK MODE —
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Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Maxi-

{ - mum Ratings may cause permanent damage to the device.
Maximum thh respect to GND.......... 0.3Vto +7.0V This is a stress rating only; operation of the device at any
Ratings Operating Ambient As Specifiedin  condition above those indicated in the operational sections
Temperature Ordering Information of these specifications is not implied. Exposure to absolute
"""""" maximum rating conditions for extended periods may atfect
Storage Temperature. . ...... -65°Cto +150°C  device reliability.
Test The characteristics below apply for the *See Ordering Information section for package
Conditions following test conditions, unless otherwise temperature range and product number.
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer- wy
enced pin. Available operating temperature 21
ranges are: FROM OUTPUT
14
m S* = 0°Cto +70°C, e
+475VsVees +525V o a0
®mE* = -40°Cto +85°C,
+4.75 V< Veecs +5.25V = = =
® M = -55°Cto +125°C,
+45V=s Vs #5585V
DC Symbol Parameter Min Max Unit Test Condition
Charac- :
teristics Vie Clock Input Low Voltage -03 +045 V
Vine Clock Input High Voltage Vec-0.6 +5.5 A
ViL Input Low Voltage -03 +08 \'
Vi Input High Voltage +20 +5.5 \'4
VoL Output Low Voltage +0.4 v Iop = 20mA
Vou Output High Voltage +2.4 \', Ioy = -250 4A
1 Input/3-State Output Leakage Current -10 +10 uA 0.4<V<2.4V
L ——
I m1y RI Pin Leakage Current -40 +10 rA 0.4<V<24V
Iec Power Supply Current 100 mA
T4 = 0°C1070°C, Voo = +5V, £5%
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AC
Electrical
Charac- cLx
teristics "/ -
CE, cID, &/A
iORaQ, RD
"D
Do-Dy
iona
1 \|
- \
[ ]
[T14
WDV
Z2-80 DART Z-80A DART Z-80B DART*t
Number Symbol Parameter Min Max Min Max Min Max
1 TcC Clock Cycle Time 400 4000 250 4000 165 4000
2 TwCh Clock Width (High) 170 2000 105 2000 70 2000
3 TIC " Clock Fall Time 30 30 15
4 TIC Clock Rise Time 30 30 15
§——TwCl————Clock Width (Low) 170—2000——105—2000———70—2000—
6 TsAD(C) CE, C/D, B/A to Clock  Setup Time 160 145 60
7 TsCS(C) IORQ, RD to Clock ! Setup Time 240 115 60
8 TdC(DO) Clock ! to Data Out Delay 240 220 150
9 TsDI(C) Data In to Clock I Setup Time (Write or M1 Cycle) 50 50 30
10—TdRD(DOz)—RD ! to Data Out Float Delay 230 110 90—
11 TdIO(DOI) IORQ | to Data Out Delay (INTACK Cycle) 340 160 100
12 TsMI1(C) MT to Clock ! Setup Time 210 920 75
13 TsIEI(IO) IEI to IORQ | Setup Time (INTACK Cycle) 200 140 120
14 TdMI(IEQ) MI | to IEO | Delay (interrupt before M1) 300 190 160
15—TdIEKIEOr)——IEI 1 to IEO ! Delay (after ED decode) 150 100 70—
16 TdIEKIEOf) IEI | to IEO | Delay 150 100 70
17 TdC(INT) Clock ! to INT | Delay 200 200 150
18  TdIO(W/RWf) TORQ ! or CE | to W/RDY } Delay (Wait Mode) 300 . 210 A5
19 TdC(W/RR)  Clock ! to W/RDY | Delay (Ready Mode) 120 120 100
20 TdC(W/RWz) Clock | to W/RDY Float Delay (Wait Mode) 150 130 110
*All tirnings are prelimirary and subject to change.
tUnits in ns.
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W N\l
Z-80 DART  Z-80A DART  Z-80B DART!
Number Symbol Parameter Min Max Min Max Min Max Notest
1 TwPh Pulse Width (High) 200 200 200 2
2 TwPl Pulse Width (Low) 200 200 200 2
3 TcTxC TxC Cycle Time 400 o 400 o 330 o 2
4  TwTxCl TxC Width (Low) 180 o 180 o 100 o 2
5—=TwTxCh TxC Width (High) 180 —o0 ———]80——00 ———100 —o0 2—
6 TdTxC(TxD) TxC I to TxD Delay 400 300 220 2
7 TdTxC(W/RRf) TxC ! to W/RDY | Delay (Ready Mode) 5 9 5 9 5 9 3
8 TdTxC(INT) TxC } to INT | Delay 5 9 5 9 5 9 3
9  TcRxC RxC Cycle Time 400 oo 100 o 330 2
10— TwRxCl RxC Width (Low) 180— 00 ———]80——00 ————}08——00 2—
11 TwRxCh RxC: Width (High) 180 oo 180 o 100 o 2
12 TsRxD(RxC) RxD to RxC 1 Setup Time (x1 Mode) 0 0 0 2
13 ThRxD(RxC) RxD Hold Time (x] Mode) 140 140 100 2
14  TdRxC(W/RRf) RxC ! to W/RDY | Delay (Ready 10 13 10 13 10 13 3
Mode)
15 TdRxC(INT) RxC 1 to INT | Delay 10 13 10 13 10 13 3
NOTES:
1 In ali modes, the System Clock rate must be at least five times 1. Tumings are preliminary and subject to change.
the maximum data rate. RESET must be active a minimum of one 2. Units 1n nanoseconds (ns).
complete clock cycle. 3. Units equal to System Clock Periods.
2044-013 . 97
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Product Package/

Product Package/

Number Temp  Speed Description Number Temp  Speed Description
784170 CE 25MHz 780 DART (40-pin)  Z8470A CS 40MHz  Z80A DART
78470 CM 25MHz  Same as above (40-pin)
28470 CMB 25MHz  Same as above Z8470A DE  40MHz  Same as above
78470 CS 25MHz  Same as above Z8470A DS 40MHz  Same as above
28470 DE. 25MHz  Same as above 28470A PE.  40MHz  Same as above
78470 DS 25MHz  Same as above Z8470A PS 4.0MHz  Same as above
28470 PE 2.5 MHz Same as above 28470B CE 6.0 MHz Z80B DART
28470 PS 25MHz  Same as above (40-pin)
784704 CE 4.0 MHz 780A DART 28470B Cs 6.0 MHz  Same as above
(40-pin) 28470B DS 6.0MHz  Same as above
78470A CM 4.0MHz  Same as above Z8470B PS 6.0 MHz  Same as above
Z8470A CMB 4.0 MH:z Same as above
*NOTES: C = Cerame, D = Cerdip, P = Plastic: E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with

MIL-STD-883 Class B processing, S = 0°C to +70°C.

98
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WESTERN DIGITAL

c 0O R P O R A T /

WD1770/1772 54" Floppy Disk Controller/Formatter

o N

FEATURES

e 28 PIN DIP

* SINGLE 5V SUPPLY

o BUILT-IN DATA SEPARATOR

* BUILT-IN WRITE PRECOMPENSATION

* 5%" SINGLE AND DOUBLE DENSITY

* MOTOR CONTROL

¢ 128, 256, 512 OR 1024 SECTOR LENGTHS
e TTL COMPATIBLE

* 8 BIT BIDIRECTIONAL DATA BUS

* TWO VERSIONS AVAILABLE
WD1770 = STANDARD 179X STEP RATES
WD1772 = FASTER STEP RATES

DESCRIPTION

The WD1770 is a MOS/LSI device which performs the
functions of a 5v4 " Floppy Disk Controller/Formatter.
It is similar to its predecessor, the WD179X, but also
contains a digital data separator and write precom-
pensation circuitry. The drive side of the interface
needs no additional logic except for buffers/
receivers. Designed for 5% " single or double density
operation, the device contains a programmable
Motor On signal.

The WD1770 is implemented in NMOS silicon gate
technology and is available in a 28 pin dual-in-line.

The WD1770 is a low cost version of the FD179X
Floppy Disk Controller/Formatter. It is compatible
with the 179X, but has a built-in digital data separator
and write precompensation circuits. A single read
line (RD, Pin 19) is the only input required to recover

cs E v 28] INTRQ
RW 2 27 DRQ
A0 ] 261 DDEN
X = 'Y 25{ ] WPRT
DALO ] 5 [P
DALY (] 6 23[) TROO
DAL2 (] 7 22[] WD
DAL3 ] 8 21T WG
DALY [ 9 203 MO
DALS []10 19 ) RD
DALE [t 18] CLK
DAL? 12 17 DIRC
MR []13 16 ] STEP
GND []14 15 Voo

PIN DESIGNATION

serial FM or MFM data from the disk drive. The
device has been specifically designed for control of
5v4" floppy disk drives with data rates of 125
KBits/Sec (single density) and 250 KBits/Sec (double
density). In addition, write precompensation of 125
Nsec from nominal can be enabled at any point
through simple software commands. Another pro-
grammable feature, Motor On, has been incorporated
to enable the spindle motor automatically prior to
operating a selected drive.

Two versions of the WD1770 are available. The stan-
dard version is compatible with the 179X stepping
rates, while the WD1772 offers stepping rates of 2, 3,
5 and 6 msec.

The processor interface consists of an 8-bit bidirec-
tional bus for transfer of status, data, and commands.
All host communication with the drive occurs
through these data lines. They are capable of driving
one standard TTL load or three “LS” loads.

June, 1983
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 CHIP SELECT [ A logic low on this input selects the chip and.
enable Host communication with the device.

2 READ/WRITE RW A logic high on this input controls the
placement of data on the DO-D7 lines from a
selected register, while a logic low causes a
write operation to a selected register.

34 ADDRESS 0,1 AQ, A1 These two inputs select a register to Read/Write
data:

CS A1 A0 RW=1 RW=0
0 O 0 StatusReg Command Reg
0 O 1 TrackReg Track Reg
o 1 0 Sector Reg Sector Reg
0o 1 1 DataReg Data Reg
512 DATA ACCESS LINES | DALO-DAL7 Eight bit bidirectional bus used for transfer of
0 THROUGH 7 data, control, or status. This bus is enabled by
CS and R/W. Each line will drive one TTL load.

13 MASTER RESET MR A logic low pulse on this line resets the device
and initializes the status register (internal pull-up).

14 GROUND GND Ground.

15 POWER SUPPLY vce + 5V + 5% power supply input.

16 STEP STEP The Step output contains a pulse for each step
of the drive’'s RW head. The WD1770 and
WD1772 offer ditferent step rates.

17 DIRECTION DIRC The Direction output is high when stepping in
towards the center of the diskette, and low
when stepping out.

18 CLOCK CLK This input requires a free-running 50% duty
cycle clock (for internal timing) at 8 MHZ +1%.

19 READ DATA RD This active low input is the raw data line
containing both clock and data pulses from the
drive.

20 MOTORON MO Active high output used to enable the spindle
motor prior to read, write or stepping opera-
tions.

21 WRITE GATE WG This output is made valid prior to writing on the
diskette.

22 WRITE DATA WD FM or MFM clock and data pulses are placed on
this line to be written on the diskette.

23 TRACK 00 TROO This active low input informs the WD1770 that
the drive’s RW heads are positioned over Track
zero (internal pull-up).

24 INDEX PULSE P This active low input informs the WD1770 when
the physical index hole has been encountered
on the diskette (internal pull-up).

25 WRITE PROTECT WPRT This input is sampled whenever a Write
Command is received. A logic low on this
line will prevent any Write Command from
executing (internal pull-up).

26 DOUBLE DENSITY DDEN This input pin selects either_single (FM) or

ENABLE double (MFM) density. When DDEN =0, double
density is selected (internal pull-up).
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FUNCTION

This active high output indicates that the Data
Register is full (on a Read) or empty (on a Write
operation).

This active high output is set at the completion
of any command or reset a read of the Status
Register.

PIN
NUMBER PIN NAME SYMBOL
27 DATA REQUEST DRQ
28 INTERRUPT REQUEST | INTRQ
CLK WG
7 WD 5v"
g D0-D7 : 0] .
S A0 L
T
A1 2
| = wD1770 v P
N — Y
T RW TROO
A MR weRtT | R
F MO |
A v
c DRQ DIRC E
E INTRQ STEP
+5 GNDVCC
‘ _L +5V
1 BoEN =

WD1770 SYSTEM BLOCK DIAGRAM

ARCHITECTURE

The Floppy Disk Formatter block diagram is il
lustrated on page 4. The primary sections include
the paraliel processor interface and the Floppy Disk
interface.

Data Shift Register — This 8-bit register assembles
serial data from the Read Data input (RD) during Read
operations and transfers serial data to the Write Data
output during Write operations.

Data Register — This 8-bit register is used as a
holding register during Disk Read and Write opera-
tions. In Disk Read operations, the assembled data
byte is transferred in paraliel to the Data Register
from the Data Shift Register. In Disk Write operations,
information is transferred in parallel from the Data
Register to the Data Shift Register.

When executing the Seek command, the Data Regis-
ter holds the address of the desired Track position.

This register is loaded from the DAL and gated onto
the DAL under processor control.

Track Register — This 8-bit register holds the track
number of the current Read/Write head position. it is
incremented by one every time the head is stepped in
and decremented by one when the head is stepped
out (towards track 00). The contents of the register
are compared with the recorded track number in the
ID field during disk Read, Write, and Verify opera-
tions. The Track Register can be loaded from or
transferred to the DAL. This Register should not be
loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL. This register
should not be loaded when the device is busy.

Command Register (CR) — This 8-bit register holds
the command presently being executed. This register
should not be loaded when the device is busy unless
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL.

Status Register (STR) — This 8-bit register holds
device Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This register can be read onto the DAL, but
not loaded from the DAL.

CRC Logic — This logic is used to check or to
generate the 16-bit Cyclic Redundancy Check (CRC).
The polynomial is:

G(x) = x16 4+ x12 + x5 + 1.

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons with
the disk recorded ID field.
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WD1770 BLOCK DIAGRAM

Timing and Control — All computer and Floppy Disk
interface controls are generated through this logic.
The internal device timing is generated from an exter-
nal crystal clock. The FD1770 has two different
modes of operation according to the state of DDEN.
When D = 0, double density (MFM) is enabled.
When DDEN = 1, single density is enabled.

AM Detector — The address mark detector detects
ID, data and index address marks during read and
write operations.

Data Separator — A digital data separator consisting
of a ring shift register and data window detection
logic provides read data and a recovery clock to the
AM detector.

PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer Data, Status, and Control words out of, or in-
to the WD1770. The DAL are three state buffers that
are enabled as output drivers when Chip Select (CS)
and R/W =1 are active or act as input receivers when
CS and R/W =0 are active.

When transfer of data with the Floppy Disk Controller
is required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and AQ, combined with the signal RW during a Read
operation or Write operation are interpreted as select-
ing the following registers: )
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A1- A0 | READ(RW=1) | WRITE(RW=0)
0o o Status Register | Command Register
0 1 Track Register . Track Register
i 0 Sector Register | Sector Register
1 1 Data Register Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the WD1770
and the processor, the Data Request (DRQ) output
is used in Data Transfer control. This signal also
appears as status bit 1 during Read and Write
operations.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in paraliel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred in-
to the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read opera-
tions continues until the end of sector is reached.

On Disk Write operations the Data Request is ac-
tivated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded with
new data by the processor. If new data is not loaded
at the time the next serial byte is required by the
Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data is set in the Status
Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the
status register or by loading the command register
with a new command. In addition, INTRQ is gen-
erated if a Force Interrupt command condition is met.

The WD1770 has two modes of operation according
to the state DDEN (Pin 26). When DDEN = 1, single
density is selected. In either case, the CLK input (Pin
18) is at8 MHZ

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM, DDEN should
be placed to logical “1” For MFM formats, DDEN
should be placed to a logical “0’ Sector lengths are
dﬁ;erfmined at format time by the fourth byte in the
“ID” field.

SECTOR LENGTH TABLE
SECTOR LENGTH NUMBER OF BYTES
FIELD (HEX) IN SECTOR (DECIMAL)
00 128
01 256
02 512
03 1024

The number of sectors per tract as far as the WD1770
is concerned can be from 1 to 255 sectors. The

number of tracks as far as the WD1770 is concerned
is from 0 to 255 tracks.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the
Wirite Gate (WG) output is activated, allowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the device before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set.

For Write operations, the WD1770 provides Write
Gate (Pin 21) to enable a Write condition, and Write
Data (Pin 22) which consists of a series of active high
pulses. These pulses contain both Clock and Data in-
formation in FM and MFM. Write Data provides the
unique missing clock patterns for recording Address
Marks.

The Precomp Enable bit in Write commands allow
automatic Write precompensation to take place. The
outgoing Write Data stream is delayed or advanced
from nominal by 125 nanoseconds according to the
following table:

PATTERN MFM FM
X1 1o Eary N/A
X{of|1]1] Late N/A
ojof|o| 1] Eary N/A
1/0|0]| 0] Late N/A
A A l——Next Bit to be sent

Current Bit sending
Previous Bits sent

Precompensation is typically enabled on the inner-
most tracks where bit shifts usually occur and bit
density is at its maximun.

COMMAND DESCRIPTION

The WD1770 will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).
The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is
reset. The Status Register indicates whether the
completed command encountered an error or was
fault free. For ease of discussion, commands are
divided into four types. Commands and types are
summarized in Table 1.
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COMMAND SUMMARY

TYPE _COMMAND

5

7
| Restore 0
I Seek 0
| Step 0
| Step-in 0
| Step-out 0
I Read Sector 1
Il Write Sector 1

Il Read
Address 1

Il Read Track 1
Il Write Track 1

IV Force
Interrupt 1.1 0
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FLAG SUMMARY

TYPE | COMMANDS

h = Motor On Flag (Bit 3)

h = 0, Enable Spin-Up Sequence
h = 1, Disable Spin-Up Sequence

V_= Verify Flag (Bit 2)

V = 0, No Verify
V = 1, Verify on Destination Track

r{, rp = Stepping Rate (Bits 1, 0)

WD1770

WD1772

6ms
12ms
20ms
30 ms

—L—AOOJ
0o =0|38

u = Update Flag (Bit 4)

2ms
3ms
5ms
6 ms

u = 0, No Update
u = 1, Update Track Register

TYPE Il & Il COMMANDS

m = Multiple Sector Flag (Bit 4)

m = 0, Single Sector
m = 1, Multiple Sector

ag = Data Address Mark (Bit 0)

ag = 0,Write Normal Data Mark
agQ = 1, Write Deleted Data Mark

E = 30ms Settling Delay (Bit 2)

E = 0,No Delay
E = 1, Add 30ms Delay
P = Write Precompensation (Bit 1)

P = 0, Enable Write Precomp
P = 1, Disable Write Precomp

TYPE IV COMMANDS

13-lg Interrupt Condition (Bits 3-0)

lp = 1, Don't Care

l4 = 1, Don’t Care

l2 = 1, Interrupt on Index Pulse

I3 = 1, Immediate Interrupt

13-lg = 0, Terminate without Interrupt

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-in, and Step-Out commands. Each of the
Type | Commands contains a rate field (rg,r1), which
determines the stepping motor rate.

A 4us (MFM,) or 8 us (FM) pulse is provided as an out-
put to the drive. For every step pulse issued, the drive
moves one track location in a direction determined
by the direction output. The chip will step the drive in
the same direction it last stepped unless the com-
mand changes the direction.

The Direction signal is active high when stepping in
and low when stepping out. The Direction signal is
valid 24us before the first stepping pulse is
generated.

After the last directional step an additional 30
milliseconds of head settling time takes place if the
Verify flag is set in Type | commands. There is also a
30 ms head settling time if the E flag is set in any
Type Il or Il command.

When a Seek, Step or Restore command is executed,
an optional verification of Read/Write head position
can be performed by setting bit 2 (V = 1) in the com-
mand word to a logic 1. The verification operation
begins at the end of the 30 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify opera-
tion is complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the
CRC error status bit is set (Status Bit 3), and the next
encountered ID field is read from the disk for the
verification operation.

The WD1770 must find an ID field with correct track
number and correct CRC within 5 revolutions of the
media, otherwise the seek error is set and an INTRQ
is generated. If V = 0, no verification is performed.

All commands, except the Force Interrupt command,
may be programmed via the h Flag to delay for spin-
dle motor start up time. If the h Flag is set and the
Motor On line (Pin 20) is low when a command is
received, the WD1770 will force Motor On to a logic 1
and wait 6 revolutions before executing the com-
mand. At 300 RPM, this guarantees a one second
spindle start up time. If after finishing the command,
the device remains idle for 10 revolutions, the Motor

6
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On line will go back to a logic 0. If a command is
issued while Motor On is high, the command will ex-
ecute immediately, defeating the 6 revolution start
up. This feature allows consecutive Read or Write
commands without waiting for motor start up each
time; the WD1770 assumes the spindle motor is up to
speed.

RESTORE (SEEK TRACK 0)

Upon receipt of this command, the Track 00 (TR00) in-
put is sampled. If TROO is active low indicating the
Read/Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is
generated. If TROO is not active low, stepping pulses
(Pin 16) at a rate specified by the r4,rg field are issued
until the TROO input is activated.

SET BUSY, RESET CRC,
SEEK ERROR, DRQ, INTRQ

<> o

YES

SET MO
WAIT 6 INDEX PULSES

SET 3
DIRECTION

RESET >
DIRECTION

Y

RESTORE

I DRTODSR l

A

[ RESET DIRECTION ] [ SET DIRECTION

IS
DIRECTION YES

) =

\

IS
HEAD AT YES
TRACKOAND
DIRECTION
=0
2

0TOTR ].

NO
ISSUE
ONE STEP PULSE

DELAY ACCORDING
TOR4,Rg FIELD

TYPE | COMMAND FLOW

TYPE | COMMAND FLOW
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At this time, the Track Register is loaded with zeroes
and an interrupt is generated. If the TROO input does
not go active low after 255 stepping pulses, the
WD1770 terminates operation, interrupts, and sets
the Seek error status bit, providing the V flag is set. A
verification operation also takes place if the V flag is
set. The h bit allows the Motor On option at the start
of command.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read/Write head and the Data Register contains the
desired track number. The WD1770 will update the
Track Register and issue stepping pulses in the ap-
propriate direction until the contents of the Track
Register are equal to the contents of the Data
Register (the desired track location). A verification

VERIFY
SEQUENCE

NO

A

»| YES ( INTRQ RESET ausv)

\

ID AM BEEN
DETECTED
?

NO | RESET
CRC

INTRQ
RESET BUSY B d—

TYPE | COMMAND FLOW

THERE A
CRC ERROR
?

operation takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command. Note: When using muitiple drives, the
track register must be updated for the drive selected
before seeks are issued.

STEP

Upon receipt of this command, the WD1770 issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the rq,rg field,
a verification takes place if the V flag is on. if the U
flag is on, the Track Register is updated. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-IN

Upon receipt of this command, the WD1770 issues
one stepping pulse in the direction towards track 76.
If the U flag is on, the Track Register is incremented
by one. After a delay determined by the rq,rg fieid, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-OUT

Upon receipt of this command, the WD1770 issues
one stepping pulse in the direction towards track 0. If
the U flag is on, the Track Register is decremented by
one. After delay determined by the ry,rg field, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE I COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Com-
mand into the Command Register, the computer
must load the Sector Register with the desired sector
number. Upon receipt of the Type || command, the
busy status bit is set. If the E flag = 1 the command
will execute after a 30 msec delay.

When an ID field is located on the disk, the WD1770
compares the Track Number on the ID field with the
Track Register. If there is not a match, the next en-
countered ID field is read and a comparison is again
made. If there was a match, the Sector Number of the
ID field is compared with the Sector Register. If there
is not a Sector match, the next encountered ID field
is read off the disk and comparisons again made. If
the ID field CRC is correct, the data field is then
located and will be either written into, or read from
depending upon the command. The WD1770 must
find an ID field with a Track number, Sector number,
and CRC within four revolutions of the disk, other-
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< ENTER ’

[}

TYPEI

COMMAND

RECEIVED
?

NO

YES

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND, &
STATUS BITS 5 & 6 INTRQ

YES

SETMO
WAIT
6 INDEX PULSES

ISE=1? NO

»| YES

HAS

30MS

EXPIRED
?

YES

INTRQ, RESET BUSY
SET WRITE PROTECT

TYPE Il COMMAND

wise, the Record not found status bit is set (Status
Bit 4) and the command is terminated with an inter-
rupt (INTRQ).

Each of the Type Il Commands contains an (m) flag
which determines if multiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or written and an inter-
rupt is generated at the completion of the command.
If m = 1, multiple records are read or written with

the sector register internally updated so that an ad-
dress verification can occur on the next record. The
WD1770 will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register ex-
ceeds the number of sectors on the track or until the
Force Interrupt command is loaded into the Com-
mand Register, which terminates the command and
generates an interrupt.

For example: If the WD1770 is instructed to read sec-
tor 27 and there are only 26 on the track, the sector
register exceeds the number available. The WD1770
will search for 5 disk revolutions, interrupt out, reset
busy, and set the record not found status bit.

READ SECTOR

Upon receipt of the Read Sector command, the Busy
status bit is set, and when a ID field is encountered
that has the correct track number, correct sector
number, and correct CRC, the data field is presented
to the computer. The Data Address Mark of the data
field must be found within 30 bytes in single density
and 43 bytes in double density of the last ID field
CRC byte; if not, the ID field is searched for and
verified again followed by the Data Address Mark
search. If after 5 revolutions the DAM cannot be
found, the Record Not Found status bit is set and the
operation is terminated. When the first character or
byte of the data field has been shifted through the
DSR, it is transferred to the DR, and DRQ is
generated. When the next byte is accumulated in the
DSR, it is transferred to the DR and another DRQ is
generated. If the computer has not read the previous
contents of the DR before a new character is tran-
sferred that character is lost and the Lost Data Status
bit is set. This sequence continues until the com-
plete data field has been inputted to the computer. If
there is a CRC error at the end of the data field, the
CRC error status bit is set, and the command is
terminated (even if it is a multiple record command).

At the end of the Read operation, the type of Data Ad-
dress Mark encountered in the data field is recorded
in the Status Register (Bit 5) as shown:

STATUS BIT 5
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the Busy
status bit is set. When an ID field is encountered that
has the correct track number, correct sector number,
and correct CRC, a DRQ is generated. The WD1770
counts off 11 bytes in single density and 22 bytes in
double density from the CRC field and the Write Gate
(WG) output is made active if the DRQ is serviced
(i.e., the DR has been loaded by the computer). If DRQ
has not been serviced, the command is terminated

9
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HAVE
5 INDEX HOLES INTRQ, RESET BUSY
PASSED SET RECORD-NOT FOUND

NO

NO

NO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

IS

THERE A

CRC ERROR
?

YES NO

< SET CRC
i STATUS ERROR

RESET
CRC

READ
Y
)
TYPE Il COMMAND

and the Lost Data status bit is set. If the DRQ has
been serviced, the WG is made active and six bytes % DATA ADDRESS MARK (BIT 0)
of zeroes in single density and 12 bytes in double 1 Deleted Data Mark
density are then written on the disk. At this time, the 0 Data Mark

Data Address Mark is then written on the disk as

determined by the ag field of the command as shown The WD1770 then writes the data field and generates

below: DRQ’s to the computer. If the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit

10
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HAS
DATA AM
OCCURED
IN TIME
?

NO

READ SECTOR
SEQUENCE

PUT RECORD TYPE IN
STATUS REG BIT §

YES

!

ALL BYTES
BEEN INPUTTED,
?

SET DATA
LOST

YES

+17T0
SECTOR REG

INTRQ, RESET BUSY
SET CRC ERROR

(

)

' v
U ‘ INTRQ RESET BUSY ’

TYPE Il COMMAND
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SEQUENCE

I DELAY 2 BYTES OF GAP l

¥

[ SET DRQ

y

l DELAY 9 BYTES OF GAP l

HAS

DR BEEN

LOADED BY COMPUTER

(DRQ = 0)
2

INTRQ, RESET BUSY
SET LOST DATA

YES
DELAY 1 BYTE OF GAP DDEN
NO = 0?
YES
TURN ON WG & WRITE

6 BYTES OF ZEROES T DELAY 11 BYTES

Y Y

WRITE DATA AM
ACCORDING TO Ag FIELD | T O & s

OF WRITE COMMAND

—t

\
I DR TO DSR, SET DRQ I

i
l WRITE BYTE TO DISK l

SET DATA LOST
WRITE BYTE
OF ZEROES

YES ¢
HAVE
NO ALL BYTES YES
BEEN WRITTEN WRITE CRC
?
l WRITE 1 BYTE OF FF J
TURN OFF WG
TYPE I| COMMAND
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is set and a byte of zeroes is written on the disk. The
command is not terminated. After the last data byte
has been written on the disk, the two-byte CRC is
computed internally and written on the disk followed
by one byte of logic ones in FM or in MFM. The WG
output is then deactivated. INTRQ will set 24usec
(MFM) after the last CRC byte is written. For partial
sector writing, the proper method is to write data and
fill the balance with zeroes.

TYPE Il COMMANDS

Read Address

Upon receipt of the Read Address command, the
Busy Status Bit is set. The next encountered ID field
is then read in from the disk, and six data bytes of the
ID field are assembled and transferred to the DR, and
a DRQ is generated for each byte. The six bytes of the
1D field are shown below:

TRACK | SIDE | SECTOR |SECTOR|CRC|CRC
ADDR | NUMBER [ADDRESS|LENGTH| 1 | 2
1 2 3 4 516

Although the CRC characters are transferred to the
computer, the WD1770 checks for validity and the
CRC error status bit is set if there is a CRC error. The
Track Address of the ID field is written into the sector
register so that a comparison can be made by the
user. At the end of the operation an interrupt is
generated and the Busy Status is reset.

Read Track

Upon receipt of the READ track command, the head
is loaded and the Busy Status bit is set. Reading
starts with the leading edge of the first encountered
index pulse and continues until the next index pulse.
All Gap, Header, and data bytes are assembled and
transferred to the data register and DRQ's are
generated for each byte. The accumulation of bytes
is synchronized to each address mark encountered.
An interrupt is generated at the completion of the
command.

This command has several characteristics which
make it suitable for diagnostic purposes. They are: no
CRC checking is performed; gap information is in-
cluded in the data stream; and the address mark
detector is on for the duration of the command.
Because the AM detector is always on, write splices
or noise may cause the chip to look foran AM.

The ID AM, ID field, ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector will be correct. The
Gap Bytes may be read incorrectly during write-splice
time because of synchronization.

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type Il commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under
DMA with a large amount of memory. Data and gap
information must be provided at the computer inter-
face. Formatting the disk is accomplished by posi-
tioning the RW head over the desired track number
and issuing the Write Track command.

Upon receipt of the Write Track command, the Busy
Status bit is set. Writing starts with the leading edge
of the first encountered index pulse and continues
until the next index pulse, at which time the interrupt
is activated. The Data Request is activated im-
mediately upon receiving the command, but writing
will not start until after the first byte has been loaded
into the Data Register. If the DR has not been loaded
within 3 byte times, the operation is terminated
making the device Not Busy, the Lost Data Status Bit
is set, and the interrupt is activated. If a byte is not
present in the DR when needed, a byte of zeroes is
substituted.

This sequence continues from one index mark to the
next index mark. Normally, whatever data pattern ap-
pears in the data register is written on the disk with a
normal clock pattern. However, if the WD1770 detects
a data pattern of F5 through FE in the data register,
this is interpreted as data address marks with
missing clocks or CRC generation.

DATA PATTERN - .
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Allowed Write A1* in MFM, Present CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8thru FB Write F8 thru FB, CLK = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with CLK = D7 Write FC in MFM
FD Write FD with CLK = FF Write FD in MFM
FE Wirite FE, CLK = C7, Preset CRC Write FE in MFM
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.
**Missing clock transition between bits 3 and 4.

13
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WRITE TRACK
7

YES

SET BUSY. RESET DRQ,
LOST DATA STATUS
BITS 4,5

NO

YES

SET MO
DELAY 6
INDEX PULSES

HAS
30 MS
EXPIRED
2

DR TO DSR

SET DRQ

INTRQ RESET
BUSY SET WPRT

SET DRQ

DELAY 3 BYTE
TIMES

HAS
ORQ BEEN
SERVICE

SET INTRQ NO
LOST DATA
RESET BUSY

TYPE il COMMAND WRITE TRACK
S S S e S S R SN
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YES (MFM)

DOES

WRITE 2 CRC o
DSR = F7
?

| CHARS. CLK = FF -

WRITE FC ;
CLK = D7 >
—

WRITE FD, FE OR
F8-F9, CLK = C7

\

INITIALIZE CRC
WRITE DSR
CLK = FF
A
INTRQ RESET PHYS
BUSY INDEX MARK
?
HAS WRITE

YES BYTE OF ZEROES

SET DATA LOST

DR BEEN
LOADED?

Y

WRITE A1 IN MFM

WITH MISSING P

CLOCK INITIALIZE
CRC

WRITE C2 IN MFM

DOES WITH MISSING
CLOCK

DSR = F6
K

Y

WRITE 2 CRC
CHARS.

L ]

WRITE DSR
IN MFM

Y

TYPE Il COMMAND WRITE TRACK
L
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The CRC generator is initialized when any data byte
from F8 to FE is about to be transferred from the DR
to the DSR in FM or by receipt of F5 in MFM. An F7
pattern will generate two CRC characters in FM or
MFM. As a consequence, the patterns F5 through FE
must not appear in the gaps, data fields, or ID fields.
Also, CRC’s must be generated by an F7 pattern.

Disks may be formatted in IBM 3740 or System 34 for-
mats with sector lengths of 128, 256, 512, or 1024
bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to
terminate a multiple sector read or write command or
to insure Type | status in the status register. This
command can be loaded into the command register
at any time. If there is a current command under ex-
ecution (busy status bit set) the command will be ter-
minated and the busy status bit reset.

The lower four bits of the command determine the
conditional interrupt as follows:

10 = Don’t Care

14 = Don't Care

I2 = Every Index Pulse
I3 = Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I3-lg) are
set to a 1. Then, when the condition for interrupt is
met, the INTRQ line will go high signifying that the
condition specified has occurred. If I13-Ig are all set to
zero (HEX D0), no interrupt will occur but any com-
mand presently under execution will be immediately
terminated. When using the immediate interrupt con-
dition (I3 = 1) an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command
register will not automatically clear the interrupt. The
HEX DO is the only command that will enable the im-
mediate interrupt (HEX D8) to clear on a subsequent
load command register or read status register opera-
tion. Follow a HEX D8 with DO command.

Wait 16 micro sec (double density) or 32 micro sec
(single density) before issuing a new command after
issuing a forced interrupt. Loading a new command
sooner than this will nullify the forced interrupt.

Forced interrupt stops any command at the end of an
internal micro-instruction and generates INTRQ
when the specified condition is met. Forced interrupt
will wait until ALU operations in progress are com-
plete (CRC calculations, compares, etc.).

Status Register

Upon receipt of any command, except the Force In-
terrupt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the
new command. If the Force Interrupt Command is
received when there is a current command under ex-
ecution, the Busy status bit is reset. and the rest of
the status bits are unchanged. If the Force Interrupt

command is received when there is not a current
command under execution, the Busy Status bit is
reset and the rest of the status bits are updated
or cleared. In this case, Status reflects the Type |
commands.

The user has the option of reading the status register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data register is
read the DRQ bit in the status register and the DRQ
line are automatically reset. A write to the Dafa
register also causes both DRQ’s to reset.

The busy bit in the status may be monitored with a
user program to determine when a command is com-
plete, in lieu of using the INTRQ line. When using the
INTRQ, a busy status check is not recommended
because a read of the status register to determine the
condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

(BITS)
7 6 5 4 3 2 1 0
S7 | S6 | S5 | S4 [ S3 | S2 | S1] S0

RECOMMENDED — 128 BYTES/SECTOR

Shown below is the recommended single-density for-
mat with 128 bytes/sector. In order to format a disk-
ette, the user must issue the Write Track command,
and load the data register with the following values.
For every byte to be written, there is one Data
Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN

40 FF (or 00)
00

FE (ID Address Mark)
Track Number
Side Number (00 or 01)
Sector Number (1 thru 1A)
00 (Sector Length)
F7 (2 CRC’s written)
FF (or 00)
00
FB (Data Address Mark)
128 Data (IBM uses E5)
F7 (2 CRC's written)

10 FF (or 00)

369**  FF(or00)
*Write bracketed field 16 times.
**Continue writing until WD1770 interrupts out.
Approx. 369 bytes.

-
PR N ) JE QU G N G G QN o >}

Py

256 BYTES/SECTOR

Shown below is the recommended dual-density for-
mat with 256 bytes/sector. In order to format a
diskette the user must issue the Write Track com-
mand and load the data register with the following
values. For every byte to be written, there is one data
request.

16
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uone10d109 |BHBIQ uleIsem

INDEX |
PULSE -————— REPEATED
|- FOR EACH SECTOR >
s0BvTes|eeytes| 10 | TrRack | sibe |sector|LengTH| cRc crc |118vTes|esytes| PATA | userpata | cmc CRC |10BYTES
FF 00’ 13 # # * # 1 2 ‘FF ‘00’ ADR | 128BYTES 1 2 FF
MARK
ID FIELD DATA FIELD:
WRITE GATE—' I__ -
SINGLE DENSITY FORMAT
3
°
o
Q
c
[+
@
Q
£
s -
~
3
3
&
8 INDEX | l
3 PULSE ——————- REPEATED
3 - FOR EACH SECTOR >
608YTES [128vTES| 3BYTES| 1D | TRACK | SIDE | SecToR|LENGTH|CRC|CRC] 22 BYTES|12 BYTES| 3 BYTES| 1D USER DATA crc|crc| 2aBvTES
‘4E’ 00’ ‘ar |'Fe| ¥ # [) # 1] 2] e ‘00" ‘a1 |'Fe 256 BYTES 1] 2 aE
ID FIELD 1 L DATAFEWLD

WRITE GATE ——-—l

DOUBLE DENSITY FORMAT

L



NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
60 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 1A)
1 01 (Sector Length)
1 F7 (2 CRC’s written)
22 4E
12 00
3 F5 (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRC’s written)
24 4E
668** 4E

*Write bracketed field 16 times.
**Continue writing until WD1770 interrupts out.
Approx. 668 bytes.

1. Non-Standard Formats

Variations in the recommended formats are possible
to a limited extent if the following requirements are
met:

STATUS REGISTER DESCRIPTION

1) Sector size must be 128, 256, 512 of 1024 bytes.

2) Gap 2 cannot be varied from the recommended
format.

3) 3 bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required
for operation by the WD1770 Gap 1, 3, and 4 lengths
can be as short as 2 bytes for WD1770 operation,
however PLL lock up time, motor speed variation,
write-splice area, etc. will add more bytes to each gap
to achieve proper operation. It is recommended that
the recommended format be used for highest system
reliability.

FM MFM
Gapl 16 bytes FF 32 bytes 4E
Gapli 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00
* 3 bytes A1
Gap lil** 10 bytes FF - 24 bytes 4E
4 bytes 00 8 bytes 00
3 bytes A1
Gap IV 16 bytes FF 16 bytes 4E
*Byte counts must be exact.

**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

| BIT NAME MEANING

S7 MOTORON This bit reflects the status of the Motor On output.

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

S5 RECORD When set, this bit indicates that the Motor Spin-Up sequence has completed (6

TYPE/SPIN-UP revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates record
Type.0 = DataMark. 1 = Deleted Data Mark.

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit

FOUND (RNF) is reset when updated.

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in
data field. This bit is reset when updated.

S2 LOST DATA/ When set, it indicates the computer did not respond to DRQ in one byte time. This

TRACK 00 bit is reset to zero when update. On Type | commands, this bit reflects the status of
the TRACK 00 Pin.

S1 DATA REQUEST/ This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read

INDEX Operation or the DR is empty on a Write operation. This bit is reset to zero when
updated. On Type | commands, this bit indicates the status of the index Pin.

S0 BUSY When set, command is under execution. When reset, no command is under
execution.

DC ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Storage Temperature ......... -55°Cto +125°C
Operating Temperature ... ... 0°C to 70°C Ambient

Maximum Voltage to Any Input
with RespecttoVgg............. (—15to - 0.3V)

18
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L
DC OPERATING CHARACTERISTICS

TA = 0°C 10 70°C, Vs = OV, VGG = +5V +.25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
L Input Leakage 10 uA VIN = VCC
loL Output Leakage 10 HA VouTt = Vce
ViH Input High Voltage 20 Vv
ViL Input Low Voltage 08 v ‘
VOH Output High Voltage 24 v lop = - 100pA
VoL Output Low Voltage 0.40 v lp=16mA
Pp Power Dissipation 75 w
Rpy Internal Pull-Up 100 1700 . A VIN = OV
Icc Supply Current 75 (Typ) 150 mA

AC TIMING CHARACTERISTICS

TA = 0°Ct070°C,Vss = OV,VcC = +5V +.25V
READ ENABLE TIMING — RE such that: RW = 1,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS CONDITIONS
TRE RE Pulse Width of CS 150 nsec CL = 50 pf
TDRR | DRQ Reset from RE 25 100 nsec
TIRR INTRQ Reset from RE 8000 nsec
TDV Data Valid from RE 100 200 nsec CL = 50 pf
TDOH | DataHold from RE 50 150 nsec CL = 50 pf
Note: D‘R_WQ_Egnd INTRQ reset are from rising edge (lagging) of RE, whereas resets are from falling edge (leading)
of WE.

WRITE ENABLE TIMING — WE such that: RW = 0,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. | MAX. | UNITS CONDITIONS
TAS Setup ADDRto CS 50 nsec
TSET Setup RW to CS 0 nsec
TAH Hold ADDR from CS 20 nsec
THLD | Hold RW from CS 0 nsec
TWE | WE Pulse Width 150 ' nsec
TDRW | DRQ Reset from WE 100 200 nsec
TIRW | INTRQ Reset fromWE 8000 nsec
DS Data Setup toWE 150 nsec
TDH Data Hold fromWE 0 nsec

19
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DALS
0.7

R/W

A0, A1

DRQ

DRQ

=X

\< TRE: TWE /

jtt—— Tp§ —pp| ——— Tpy ———P>]

Tov e g TpOH —>

——— — THLD

-
A

~— Rw——>|\ |

>y

REGISTER TIMINGS
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CLK

N A A N
' l \_
-t 6-1/2 CLKS -
EARLY TWP
_________/A I 5112 CLKS AV\_
NOMINAL TWP
/ - 4112 CLKS ,\_
LATE TWP
WRITE DATA TIMING
WRITE DATA TIMING: ,
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Twg Write Gate to Write Data 4 usec FM
2 usec MFM
Tbe Write Data Cycle Time 46,8 usec
Twf Write Gate off from WD 4 usec FM
2 usec MFM
Twp Write Data Pulse Width 820 nsec Early MFM
690 nsec Nominal MFM
570 nsec Late MFM
1380 nsec FM
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TPW Raw Read Pulse Width 200 nsec
TBC Raw Read Cycle Time 3000 nsec
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD1 Clock Duty (low) 50 67 nsec
TCD2 Clock Duty (high) 50 67 nsec
TSTP Step Pulse Output 4 MFM
8 usec FM
TDIR Dir Setup to Step 24 MFM
48 usec FM
TMR Master Reset Pulse Width 50 usec
TIP Index Pulse Width 20 usec
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I, {
) ) VIH
'4__ Tip —.'
R & £
) p) ViH
l‘-—- TMR —ﬂ
l<-chc->|
CLK
~{Tco, B
el "_TCDQ
£ s
STEP IN ’
VoH
DIRC VoL = R{RQ" i
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MISCELLANEOUS TIMING

Reproduced with permission from
Digital Corporati




N CR

NCR 5380 SCSI INTERFACE

PRODUCT BRIEF
SCSI INTERFACE MPU INTERFACE
¢ Asynchronous data transfer to 1.5 MBPS e Memory or I/0 mapped interface
* Supports both initiator and target roles * DMA or programmed |/O
e Parity generation w/optional checking * Normal or block mode DMA
¢ Supports arbitration ¢ Optional MPU interrupts

 Direct control of all bus signals
¢ High current outputs drive SCSI bus directly

The NCR 5380 is designed to accommodate the Small Computer Systems Interface (SCSI) as defined
by the ANSI X3T9.2 committee. The 5380 operates in both the Initiator and Target roles and can there-
fore be used in host adapter and control unit designs. This device supports arbitration, including
reselection, and is intended to be used in systems that require either open collector or differential
pair transceivers.” It has special high current outputs for driving the SCSI bus directly in the open
collector mode.

The NCR 5380 communicates with the system microprocessor as a peripheral device. The chip is
controlled by reading and writing several internal registers which may be addressed as standard or
memory mapped 1/0. Minimal processor intervention is required for DMA transfers because the 5380
controls the necessary handshake signals. The NCR 5380 interrupts the MPU when it detects a bus
condition that requires attention. Normal and block mode DMA is provided to match many popular
DMA controllers.

* Differential pair operation is supported in the NCR 5381 (48 PIN).

FUNCTIONAL PIN GROUPING . PINOUT
U/
SCSI DATA BUS po 1 4000 D1
~EOP —a ! 1
DBO...7, DBP pe7 (2 39[] D2
DMA READY =a—o — T BpP bB6 []3 38[] D3
CONTROL | DRQ  ~—| e BSY bBs []4 37[] D4
| _DACK - ka—~ SEL DB4 []5 361 D5
— > RST bB3 []6 351 De
CS — kidd pe2 7 34 D7
PR  — e ATN scsl DB1 [J8 3] A2
ADDRESSING | A0 —= 5380 [ REQ gep E}? 5380 31% VbD
A1 —» > MSG %) d12 2 %)W
| A2 — - zﬁ‘J BSY []13 28% RESET
e 10 ACK []14 27[] EOP
DATABUS DO...D7¢{_) ATN 15 26[1 DACR
RESET —» RST []16 25[1 READY
IRQ - o O 247 iOR
GND  ——] L vpp CIb []18 2307 IRQ
MSG 19 22[7 DRQ
REQ [J20 21[] C8




mEB POWER SIGNALS
Pin Name Pin Number Description
PIN DESCRIPTIONS Voo 3t +5VOLTS
MICROPROCESSOR INTERFACE SIGNALS GND “ GROUND
Pin Name Pin Number Description
AO...A2 30,32,33  INPUTS =~ = == SCSI INTERFACE SIGNALS
This address is used with CS, IOR
or [OW to address all internal Pin Name Pin Number Description
registers. ACK 14 BI-DIRECTIONAL, OPEN COL.
S INITIATOR ROLE: The chip asserts
Cs 2 INPUT v . this signal in response to R
Chip Select enables a read or write for a byte transfer on the SCSI bus.
of the internal_register selected o
by AO ... A2. CS is a low active TARGET ROLE: ACK is received
signal. . as a response to the REQ signal.
ACK is an active low signal.
DACK 26 INPUT ;
DMA Acknowledge resets DRQ  ATN 15 BI-DIRECTIONAL, OPEN COL.
and selects the data register for INITIATOR ROLE: The chip asserts
input or output. DACK is a low this signal when the microproces-
active signal. sor requests the attention con-
dition.
DRQ 22 OUTPUT —
DMA Request indicates that the TARGET ROLE: ATN is a received
data register is ready to be read signal.
or written. DRQ occurs only if ATN is an active low signal.
DMA MODE is true in the com-
mand register. It is cleared by BSY 13 BI-DIRECTIONAL, OPEN COL.
DACK. The SCSI BSY signal can be driven
Di D 3 40, 1 BI-DIRECTIONAL, TRI-STATE and recalved concurrently.
0...D7 4 . . .40, - . - [ . .
Microprocessor data bus Active BSY is an active low signal.
high () 18 BI-DIRECTIONAL, OPEN COL.
ERD Command/Data is an input for an
EOP 27 INPUT bl
. . tiator, an output for a target. It
The End of Process signal is true initiator, an ¢
during the last byte of a DMA lal‘::a?'ta;:s a command when
transfer. This stops additional :
transfers but allows_the current CID is an active low signal.
transfer to finish. EOP is a low .
active signal. 110 17 BI-DIRECTIONAL, OPEN COL.
. Input/Output is an input for an
IOR 24 INPUT initiator, an output for a target. It
110 Read is used to read_an in- indicates an input to the initiator
ternal register selected by CS and when asserted.
A0 ... A2. It also selects the data TS i . ;
register when used with DACK. 1/O is an active low signal.
IOR is a low active signal. MsG 19 BI-DIRECTIONAL, OPEN COL.
— Message is an input for an initi-
low 29 'NPUT. R . . ator, an output for a target. It indi-
110 Write is used to write_an in- cates a message when asserted
ternal register selected by CS and . ) ) '
A0 ... A2. It also selects the data MSG is an active low signal.
register when used with DACK.
[OW is a low active signal. REQ 20 BI-DIRECTIONAL, OPEN COL.
The target asserts REQ to request
IRQ 23 OUTPUT a byte transfer from the initiator.
Interrupt Request alerts the micro- The transfer may be in either
processor of an error condition or direction.
an event completion. REQ is an active low signal.
READY 25 OUTPUT RST 16 BI-DIRECTIONAL, OPEN COL.
- Ready can be used to control the SCSI BUS reset signal
speed of block mode DMA .
transfers. RST is an active low signal.
RESET 28 INPUT §BO..  2...10 BI-DIRECTIONAL, OPEN COL.
Reset clears all registers. It does  SB7,SBP SCSI DATA BUS and PARITY
not force the SCSI signal RST to These signals are low active
the active state. RESET is a low
active signal. SEL 12 BI-DIRECTIONAL, OPEN COL.

Select is used for selection and
reselect operations.

SEL is an active low signal.
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A2 A1 A0 R/W REGISTER NAME

R Current SCSI Data

W Output Data Register
R/W Initiator Command Reg.
R/W Mode Register

R/W Target Command Reg.
SCSI Bus Status
Select Enable Register
Bus & Status Register
Start DMA Send

Input Data Reg.

Start Target Rec. DMA
Reset Parity/Interrupts
Start Init. Rec. DMA

-t eh eh e ed ek -l D OOOOO
4140000022000
4100410010200

SVSHEIED




REGISTER DESCRIPTION

READ

CURRENT SCSI DATA (00)
7 6 54 3210

L1 T [T 7T}

DBG...DB7

INITIATOR COMMAND REGISTER (01)
76 543210

I ] ] " Assert Data Bus

| Assert ATN
Assert
l Assert BSY
Assert A
ﬁ Lost Arbitration
Arbitration In Progress
Assert RST

MODE REGISTER (02)
76543210

-

| Arbitration

l DMA Mode
Monitor BSY

Enable EOP Interrupt

Enable Parity Interrupt
Enable Parity Checking

Target Mode

Block Mode DMA

TARGET COMMAND REGISTER (03)
76 543 210
[o]ojoJol T T 1 -
] l\ Ass(% 110
ssert
Assert MSG
Assert REQ

CURRENT SCSI BUS STATUS (04)
76 543210

__R
BSY
RST

BUS & STATUS REGISTER (05)
7 6 5 4 3210

Busy Error
Phase Match
Interrupt Request

[T L8
|
[ Parity Error

DMA Request
End of DMA

INPUT DATA REGISTER (06)
7 6 543210
LL LT T
DBO...DB7
RESET PARITY/INTERRUPT (07)
7 6 543 2 10
XXX X [ xIxix]x |

NCR 5380

WRITE

OUTPUT DATA REGISTER (00)
76543210

CTCLLLTT]

DBO... DB7

INITIATOR COMMAND REGISTER (01)
7 6 56 43 210

[ Assert Data Bus
Assert
Assert SEL
Assert BSY
Assert ACK
Differential Enable (NCR 5381)
Test Mode
Assert RST

MODE REGISTER (02)
7 6 56 43210

DMA Mode
Monitor BSY
Enable EOP Interrupt
Enable Parity Interrupt
Enable Parity Checking
Target Mode
Block Mode DMA

TARGET COMMAND REGISTER (03)
76 54 3 210
Ddxdxgx] | 1]
T Assert 10
Assert
Assert MSG
Assert REQ
SELECT ENABLE REGISTER (04)
7 6 54 3 2 10

HEEEEEEN
DBO ... DBY

START DMA SEND (05)
7 6 543210

e DX IxIx]xIx x| x]

i | " Arbitration

START DMA TARGET RECEIVE (06)
7.6 5 4 3 2 1

'[&lx]x]x[x1x[x]‘]

START DMA INITIATOR RECEIVE (07)
7 6 543210

XXX

NOTE: X = DON'T CARE




ELECTRICAL CHARACTERISTICS

NCR 5380

OPERATING CONDITIONS
PARAMETER SYMBOL MIN MAX UNITS
Supply Voltage VDD 475 [5.25 |]Volts
Supply Current DD 145 ImA. -
Ambient Temperature TA 0 70 °C

INPUT SIGNAL REQUIREMENTS

PARAMETER CONDITIONS MIN MAX UNITS
High-level, Input V|H 2.0 ]15.25 |Volts
Low-level, Input VL 0.3 }]o.8 Volts
SCSIBUS pins2...20
High-level Input Current, I|H] VIH = 5256 V 50 ua.
Low-level Input Current, Ij] ViL= 0 Volts -50 4a.
All other pins
High-level Input Current, jH] ViH= 5256V 10 Ma.
Low-level Input Current, I} ViL= 0 Volts -10 pa.
OUTPUT SIGNAL REQUIREMENTS

PARAMETER CONDITIONS MIN MAX UNITS
SCSIBUS pins2...20
Low-level Output VoL Vpp = 475V

loL= 48.0mA. 0.5 Volts
All other pins
High-level Output VOH Vpp = 475V ]

IoH = -3.0mA. | 2.4 Volts
Low-level Output VoL Vpp = 475V

loL = 7.0 mA. 0.5 Volts

PRELIMINARY

Notice: This is not a final specification.
Some parametric limits are subject to change.




TYPICAL CONFIGURATION NCR 5380

(_] | MICROPROCESSOR ADDIRESS BUS )
(: | MICROPROCESSOR DATA BUS :)
¢ MICROPROCESSOR CONTROL BUS 3
b yirel
[4Y] g
< 9 BEBk &
¢ 3 EEEE
DMA EOP
s DACK
CONTROL LOGIC = DRQ NCR 5380
¢—— READY

'SCSI'BUS

NEE NCR MICROELECTRONICS DIVISION
1635 Aeroplaza Drive
Colorado Springs, Colorado 80916
Phone: 800/525-2252
Telex: 45 2457 NCR MICRO CSP

While the information herein presented has been checked for both accuracy and reliability, NCR assumes no
responsibility for either its use or for the infringement of any patents or other rights of third parties, which
would result from its use. The publication and dissemination of the enclosed information confers no license,

by implication or otherwise, under any patent or patent rights owned by NCR.




