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SINGLE-DENSITY DISK CONTROLLER

SETUP

The H-88-1 interface board allows the disk drive to
communicate with the Computer. The H-88-1 plugs
into pins P506 and P512 on the CPU board. See Figure
1-1. The flat cable connects to P803 on the interface
board with the small triangle or marked edge up.
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PROGRAMMING
| MODULE

Figure 1-2

1-2 SINGLE-DENSITY DISK CONTROLLER

CONFIGURATION
To program a floppy disk unit, you may either bend If you are using the Z-89-37, interface board, refer to
out the proper leg on the programming module or cut Figure 1-3 (fold-out from this page) for programming

the proper link. The advantage of bending out the leg the floppy disk unit.
is that the programming module may be returned to
its original state.

If you are using the H-88-1, interface board, refer to
Figure 1-2 (fold-out from this page) for programming
the floppy disk unit.

NOTE: CONNECTOR PINS
AT HM MUST REMAIN
PEN (UNSHORTENEDL

AR

NOT( CONNECTOR PINS
AT HM MUST REMAIN
OPEN (UNSHORTENED),

NOTE: CONNECTOR PINS
AT HM MUST REMAIN
OFPEN (UNSHORTENED),

Figure 1-3
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CIRCUIT DESCRIPTION

The floppy disk uses a storage format similar to a 45
rpm record. Each diskette is divided into 40 concen-
tric tracks, with the outermost track labeled track 0
and the innermost track labeled track 39. Each track is
further divided into ten sectors. Each sector stores 256
bytes of data plus checksum and address information
to prevent data errors. The check character allows the
system to be confident of the data integrity. The ad-
dress information confirms that the head was moved
to the desired track and that the correct sector has
been found for a read or write operation.

There are eleven holes spaced around the center of the
diskette for sector and index identification. Ten of the
eleven holes are evenly spaced to indicate the start of
a sector. The eleventh hole (the index hole) is spaced

halfway between the sector 9 hole and the sector 0
hole. This uneven spread is recognized by the con-
troller and informs the controller that the next sector
hole correspondsto sector 0. This method of sectoring
is known as hard sectoring. Since the diskette rotates
at 300 rpm, the index hole is encountered every 200
milliseconds.

Information is stored on the diskette as serial magnet-
ic flux changes. To prevent variations in rotational
speed from impairing data accuracy, each serial bit is
bracketed by a synchronizing bit. See Figure 2-1. A
data pulse occurs if the data bit equals one and does
not occur if the data bit equals zero. As mentioned
previously, the data is recorded as a flux reversal.
This is also shown in Figure 2-1.

FLUX !
CHANGES !

DATA NO éATA
PULSE PULSE
le—B1T CELL
Figure 2-1
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A byte of serial data written onto or read from a sector
is defined as eight consecutive bit cells. See Figure
2-2. The most significant bit cell is defined as bit cell 0
and the least significant as bit cell 7. When a specific
data bit is referred to (such as bit 3), it is with respect
to the corresponding bit cell (bit cell 3).

[‘BIT CELL O | BIT CELL L | BIT CELL 2 | BIT CELL3 | BIT CELL 4 |BIT CELL 5 | BIT CELL 6 | BIT CELLL]

ONE BYTE
[ 62.54 SEC )
S+ SYNC PULSES
D= DATA PULSES
Figure 2-2

During a write operation, bit cell 0 of each byte is
transferred to the disk drive first; while bit cell 7 is
transferred last. Whenever data is read back from the
drive, bit cell 0 of each byte is transferred first and bit
cell 7 last. Figure 2-3 shows the information written
on a sector.

USART U802 converts the serial data to parallel data
and parallel data to serial data. However, the serial
data format required by U802 is NRZ. Thus, it is
necessary to convert the NRZ data to (to write) and
from (to read) the bit cell format required by the
floppy drive. This is accomplished by U812A, C, D;
U813; and U816 for a write and U808; U815; U80O6D;
U811A, B, C; and U812B for the read.

SECTOR

HOLE

PULSE

20mSEC

ALL ALL [ AL
ZERO ZERO ZERO
S lSYNCIADDRESS\CHECKIGAP ’SYNCI DATA 'CHECK AP
~ 45( ) ' 3 ' 1 \ 12 ] 256 BYTES l 1 |2 30
BYTES'BYTE' BYTES BYTE "BYTES BYTE BYTE "BYTES

Figure 2-3
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0 1 2 3 4 5 6 8 9 10 11 12 13 14 15 0
Usle CPU B2
PIN2 CLOCK __|
uslé 0 ]
PIN 13 8
usle -
pIN12 Oc

e

uslé 0,
PIN 11 USART TRANSMIT CLOCK
iN
U813 PIN 3 SYNC ENABLE
us13 pin 7  DATAENABLE
uso2 PING
Usod PiN g  COMPOSITE

WRITE DATA

Figure 2-4

For the write operation, U816 divides the 2.048 MHz
clock by 16. Its binary outputs are used by U813
which decodes the binary information into a 1-of-8
output. Each output is 0.977 us in duration. See Fig-
ure 2-4. Output Q2 (pin 3) of U813 is the bit cell clock
pulse and output Q6 (pin 7) is the data pulse. The QD
output (pin 11) of U816 clocks the NRZ data from
USART U802 and occurs every 7.678 us. This defines
the bit cell. The NRZ data is therefore synchronized
with the 2.048 MHz system clock, and, consequently,
the bit cell clock.

The data bit pulse is ANDed with the NRZ data by
U812A to produce a pulse (pin 3 of U812A) if the NRZ
isa “1” and no pulse if the NRZ data is a ““0.” This
information is ORed with the bit cell clock by U812D
to produce the composite bit cell data pattern re-
quired by the floppy drive. U804 gates the write data
with the write gate in order to prevent any extraneous
writing to the diskette unless the write gate is on.

The read data signal is conditioned by U806C and
U808 to produce a very short (50 ns) active high pulse
which occurs at the leading edge of both the bit cell
data and clock pulses coming from the drive. U815 is
a divide-by-12 counter that separates the data from
the clock pulses.

Assume as a starting point that U815 has counted to
12 and the ENT and ENP inputs (pins 7 and 10) are
low, preventing any further counting. At this point,
the output of U806D is high. This allows the next
pulse from the drive toreset U815 by U811D. Since all
data strings start with a number of consecutive zero
bytes (no data pulse), the counter will synchronize on
the clock bit and not on the data bits. During the time
between reset and count 12 (5.859 us), data pulses are
accepted. Therefore, the pulse is assumed to be a
clock pulse.
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When a valid data pulse is received, the R-S flip-flop
(U811A and U811B) is set (pin 6 goes high). This
signifies that the data bit was a “1.” If no pulse was
received within 5.859 us after a clock pulse, then the
R-S flip-flop is not set and the data bit was a “0.” At
this time, a 12 count has been reached and the data is
toggled into the USART (U802). The next pulse from
the drive is a clock pulse which resets counter U815
and the R-S flip-flop; thereby starting a new cycle.

U802, in addition to converting serial bytes to parallel
during a read operation and parallel bytes to serial
during a write operation, also searches for a syn-
chronizing byte at the beginning of each data and
address block on each sector. A read from port 176
resets U802 to the search character mode and forces a
“0” on the output (pin 3) of R-S flip-flop U809A and

U809B. The USART now compares each byte as it is
input to the special character in its sync character
holding register. When a match is made, the USART
receiver returns to the byte mode and R-S flip-flop
UB09A and U809B is set to a “1.” This informs the
processor that the proper match was made.

Port 177 reads the floppy disk status and sync charac-
ter match and controls the floppy disk with respect to
its motor, track position, and write gate. Port 176
resets the USART to the search character mode and
writes the search character to the USART. Port 175
reads and sets the USART status. Port 174 receives
and transmits the data characters to the USART. The
decoding for these various ports is accomplished by
U814A, U814B, and U801. U803 latches the floppy
control signals and U805 latches the floppy status
signals.

\J
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QUICK CHECKS

® Check to see that the board is connected to ® Check the flat harness for proper connection
the proper pins on the CPU board. to the interface board and to the disk drive.

® Check to see that all pins are in the sockets.



3-2

SINGLE-DENSITY DISK CONTROLLER



SINGLE-DENSITY DISK CONTROLLER

CIRCUIT PART
Comp. No. NUMBER
RESISTORS

R801 HE 6-151-12
R802 HE 6-151-12
R803 HE 6-151-12
R804 HE 6-151-12
R805 HE 6-151-12
CAPACITORS

C801 HE 20-99
C802 HE 21-164
C803 HE 21-56
C804 HE 21-56
C805 HE 21-56
C806 HE 21-56
C807 HE 21-56
C808 HE 21-56
C809 HE 21-56
C810 Not Used
c811 HE 21-56
c812 HE 21-56
C813 HE 21-56
c814 HE 21-56

DESCRIPTION

150 2
150 2
150 (2
150 (2
150 Q

22 pF mica

.0015 uF ceramic
470 pF ceramic
470 pF ceramic
470 pF ceramic
470 pF ceramic
470 pF ceramic
470 pF ceramic
470 pF ceramic

470 pF ceramic
470 pF ceramic
470 pF ceramic
470 pF ceramic

CIRCUIT
Comp. No.

REPLACEMENT PARTS LIST

(Floppy disk controller board, part number HE 181-3392.)

PART
NUMBER

DESCRIPTION

Capacitors (Cont’d.)

C815
C816
c817
C818
Cc819
C820
c821
Cc822
C823
C824
Cc825
C826
Cc827

COILS

(13) L801-L813

CABLE

HE 21-56
HE 21-56
HE 21-761
HE 21-761
HE 21-761
Not Used
HE 21-761
HE 21-761
HE 21-761
HE 21-761
HE 21-761
HE 21-761
HE 21-761

HE 45-612

HE 134-1144

470 pF ceramic
470 pF ceramic
.01 uF ceramic
.01 uF ceramic
.01 uF ceramic

.01 uF ceramic
.01 uF ceramic
.01 uF ceramic
.01 uF ceramic
.01 uF ceramic
.01 uF ceramic
.01 uF ceramic

10 uH

Disk 1/O cable



SINGLE-DENSITY DISK CONTROLLER



SINGLE-DENSITY DISK CONTROLLER 5-1

SEMICONDUCTOR IDENTIFICATION

This section is divided into two parts: “Component COMPONENT NUMBER INDEX

Number Index’” and ‘“Part Number Index.” The first

section provides a cross-reference between semicon- This index shows the Part Number of each integrated
ductor Component Numbers and their respective Part circuit.

Numbers. The Component Numbers are listed in nu-

merical order. The second section provides a lead

configuration detail (basing diagram) for each CIRCUIT

semiconductor Part Number. The Part Numbers in the C%TJI::JB!%NT NSAHBT

second section are also listed in numerical order. MBER
Usot HE 443-875
uso2 HE 443-822
uso3 HE 443-757
uso4 HE 443-856
u8os HE 443-857
U806 HE 443-805
uso7 HE 443-807
usos HE 443-792
U8og HE 443-728
uUs10 HE 443-728
usit1 HE 443-757
us12 HE 443-22
us13 HE 443-872
usi4 HE 443-73
U815 HE 443-77
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SINGLE-DENSITY DISK CONTROLLER

MAY BE
PART REPLACED LEAD CONFIGURATION
NUMBER WITH DESCRIPTION (TOP VIEW)
IN
HE 442-30 uA309K 5-volt %)
LM309 Regulator
GND WIDE SPACE
HE 442-650 78H12 +12V,5A
Regulator
Rext/
vee N qr S R Ne
i 3l f12f Iul—Jwo 9 8
1
HE 443-22 74 d
121 Mor?o_stable » .. E q
Multivibrator Q ]
1 2 3 4 6 7
Q NC Al A2 B GND
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Part Number Index (Cont’d.)

9-3

MAY BE
PART REPLACED LEAD CONFIGURATION
NUMBER WITH DESCRIPTION (TOP VIEW)
v
cC 6A 6Y 5A 5Y 4A 4y
14 13 12 11 10 9 m—
HE 443-73 7416 Line Driver #
By By oy
1 2 3 4 5 6 7
1A 1Y 2A 2y 3A 3Y¥  GND
Quadruple
2-Input
HE 443-77 7438 Positive-NAND
Buffers with
Open-Collector
Outputs
Vee 4B 4A 4y 3B 3A 3Y
14 13 12 11 10 9 8
—EI@J ©
HE 443-728 74L.S00 Quad 2-Input
NAND ‘_r@-,
1 2 3 4 5 6 7
1A 18 1Yy 2A 2B 2Y GND
RIPPLE OUTPUTS
CARRY ENABLE
VCC OUTPUT QA QB QC QD T LOAD
[ {1s] ] Ji] Tl In] Tw] Lo
R1PPLE D ENAB
4-Bit (():G'IBIBUYT QA QB QC 0 TLE
HE 443-757 74L5161 Binary ? CLEAR LOAD
ENABLE
Counter cK A 8 c D ’
1 2 3 4 5 6 7 8
CLEAR CLOCK A ] c D EN»:,BLE GND
DATA INPUTS
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Part Number Index (Cont’d.)

MAY BE
PART REPLACED LEAD CONFIGURATION
NUMBER WITH DESCRIPTION (TOP VIEW)
Voo 4B an 4y 3B 3A 3y
14 13 12pJup—f1o 9 8
Quad 2-Input
HE 443-792 74L8132 Positive-NAND
Schmitt » A D B C
Triggers 1‘3 ?@I
1 2 3 4 5 6 7
W 1B 1Y 24 2B 2Y OND
Vec 8 8 7D 79 6 6D 50 5Q CLOCK
SN (] S U W 1) S 5 3 o T B T} 6 VY S (Y B P 6 Y
G Go—op) Cr—sp) oo
CK p——dCK CKp——dCK
Octal D CLEAR CLEAR CLEAR CLEAR
HE 443-805 7418273 Flip-Flop ] ! 1
with Clear CLEAR SIEAR CLEAR AR
QD b0 QD D@
11 21314 56 T8 910
CLEAR 10 1D 20 20 3Q 30 4 49 GND
INPUTS OUTPUTS
A A
vee ‘a B c 0 (g 8 7
HE 443-807 741842 BCD-to-Decimal
Decoder
—
OUTPUTS
SELECT DATA OUTPUTS
ENABLE A A
vee 26 24 28 ‘zvo 1 vz av3
16 150 {14 13 12 1 10 9
3 A 8 YO vl Y2
Dual Y3
HE 443-822 7415139 2-to-4-Line
Decoder

B
1 2 3 4 5 6 7 8
B Y0 1Yl 1Iyv2  1v3 GND
SELECT DATA OUTPUTS
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Part Number Index (Cont’d.)

9-9

MAY BE
PART REPLACED LEAD CONFIGURATION
NUMBER WITH DESCRIPTION (TOP VIEW)
SSLSbBESecEFEsiRE s .
a0l3s1z8}{37}{36}{35 34”33“32“31”30”29”28”27”26”25“24"23“ZZHZIH
Universal b
HE 443-856 §2350 Synchronous
Receiver/
Transmitter (USRT)
THzH3H4HsHes {7 Hs H o ofulzHafisHis 7 s 1920
S 5f80 b33 8BE5EE8888328
Vee G2 6A  6Y  S5A  5Y  4A &Y
) S T SN Y S Y S Y S Y S ;) S
HE 443-857 7418367 Hex Bus Drivers # [ '
L’ 1 2 3 4 5 6 7 8
Gl 1Aty N A N O\
Ve A6 Y6 A5 Y5 A ¥4
U] S Y S T S 7 A 7Y S 8
Hex Schmitt- [[>0 \-bo D
HE 443-872 740514 Trigger »
Inverters PT -l>T
1 2 3 4 5 6 7
Al Yl Az Y2 A3 Y3 GND
Vee 4B 4A 4y 3B K3
7 S FEY S Y S (DY) i ) ' 8
Quad 2-Input
HE 443-875 74L832 Positive OR
Gates [‘@—l B
1 2 3 4 5 6 7
( A 18 I¥ 2n 2 2Y GND
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CIRCUIT BOARD X-RAY VIEW
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SINGLE-DENSITY FLOPPY DISK CONTROLLER BOARD

Part number HE 181-3392. Shown from the com-
ponent side.
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+15¢ +i|'r LAST USED'. NOT USED:
- - = * 4 nE'i-na(z??s? uais usoic,D
T T T I 7 M R805 usoac
14 14 14 14 14 ! NP %2 o ca27 UBIZE
usor | | usos | | uaos usia | | vais e il B LRI vaIe
HELds Hedaa | [HE 443 HE 443] | HE 443 = P8o3 Ceio,Cca20
2 28 -73 -17 8leno
l? lr 7 7 7 |
é +15y {13) 104H COILS PB0O3
ALL CAPACITORS ARE .OIuF = (wHE4s-612)
+iu U804 +5v
dcor|  Jcow | lcwc| loma| fca Sec usts
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NOTES:
1. ALL RESISTORS ARE 1/4-WATT, 5% UNLESS MARKED OTHERWISE.

a1 o
RESISTOR VALUES ARE IN OHMS (K=1,000; M=1,000,000). —2 o
v
2. ALL CAPACITORS ARE IN MF UNLESS MARKED OTHERWISE. use e
HE 443-22
3. v THIS SYMBOL INDICATES CIRCUIT BOARD GROUND. Vec
+=V s °1N.|-
o HE-443-822 @ eﬁ—_ READ DATA L
' 5 VOLT SOUACE Yec ?:" -L_mcﬂ-r :f
2 1
Part of 585-9 32 1 o g
a S 02 2 v
S L 14 iy @
e L A2 ?; INDEX L
T
s uso1 £
9 e 7 TRK O L
©ioray o z_]A) sl 4 UBI3A
“e‘ N L D GMD 2 3
15 lg2228 Wz 0801 zo@ WR PROT L
¥l meserL
W >TT WRITE GATE L
ird
8
L]
20|
: sYo L
e v R e |
b ul T -
FES 2
L < N - DRIVE 1L
7o 7afS [
anlld
EY oy i F] MOTOR L
410 20 ]
8l aal2 DIR L
clR  onpf
EP
Copyright © 1982 prliA
Zenith Data Systems
SIDE 1L
All Rights Reserved
Printed in the United States of America




