
FLOPPY DISK 
FORMATTER/CONTROLLER (FDC) m y  1982 

76A and storage, and the IBM System44 
ip Floppy format and the modified frequen- 

quency modulation (FM) record- are packaged in a standard 40-pin 
ing are used for the single density ' dual in-line package. 

Interface to &bit Programmable Head 
EngageiHead Settle Time 
Double Buffered Data 110 

&bit Data Bus DMA Data Transfer Capability 
MB8877A: Positive-logic Write Precompensation 

%.bit Data Bus Capability 
Single +5V Power Supply All TTL Compatible 110 
IBM Compatible Sector Format N-Channel UD MOS 
Automatic Track Seeking and Technology 

MB8876A Upward Compatible PIN ASSIGNMINT 
with Western Digital 

Density Formats FD19971-02 
a) Single Density in 1BM3740 MB8877A Upward Compatible 

Format and FM Recording with Western Digital FD1793.02 
b) Double Density in IBM 

System44 Format and 
M FM Recording 

Programmable Single Sector1 
Multiple SectorslEntire Track 

Programmable Single Sectod 
Multiple SectorslEntire Track 

Programmable Side Compare 

Programmable Sector Length 
Programmable Head Step Rate 

1 FUJITSU reserves the right to change products and specifications without notice.This information does not convey any license under 
patent rights of FUJlTSU LTD. or others. 



mu INTERFACE PINS 
Signal for selecting a FDC operation mode: 

DDEN Double Density I When = 0, the double density mode is selected. 
When DDEN = 1, the single density operation mode is selected. 
This input must be fixed while the FDC is in busy state. 
Signal for controlling the DALs: When a = 0, the DALs are ac- 

Chip Select I tivated and data transfer between the FDC and the MPU is 
enabled. When = 1, the DALs are in high impedance state and 
data transfer is inhibited. (i.e., andmE are ignored.) 

Read Enable I Strobe signal provided when data is read from internal registers: 
When CS = = 0, data can be read from internal registers. 

I Strobe signal provided when data is written into internal registers: 
When =m = 0, data can be written internal registers. 
Signal for addressing an internal register among Command 

&, Register Select Line I Register (CR), Status Register (STR), Track Register (TR), Sector 

Signal for informing the MPU of a DR status: Read operation: 
DRQ Data Request DRQ = 1 shows the DR is filled with a &bit data from a disk, and O the FDC is requesting for the MPU to read the data. Write opera- 

tion: DRQ = 1 shows the DR is empty, and the FDC is requesting 
for the MPU to write the next data into the DR. 
lnterrupt signal to the MPU: IRQ is set when a Command is com- 

IRQ Interrupt Request 0 pleted or the TYPE IV Command isexecuted. IRQ is reset when 
the next Command is written or the STR is read. 

noPPY DISK INTERFACE PINS 
Disk Head Control Signal 

STEP Step Move 0 Step pulse signal for moving a disk head. 
Signal for indicating a direction of disk head moving to the FDD: 

0 DlRC = 0 shows the head moves toward outside. DlRC = 1 shows 
the head moves toward inside. 
Signal for loading a disk head: When HLD = 1, the head is 

HLD Head Load 0 engaged on the disk. When HLD = 0, the head is released from 
the disk. 



1 Disk Head Control Signal 09 (Continued) 
Pin No. I Symbol I Pin Name 1 110 

23 1 HLT 1 l e a d  Load l iming I 

Description 1 

32 

Signal for informing a disk head status: HLT = 1 shows a disk 
head is in an enagaged state. HLT is set when a disk head has 
been settled or a head settle time pre-determined by one shot cir- 
cuit has elapsed after HLD = 1. 
Signal for informing whether a disk head is positioned on Track 
No. 00 or not: TROO = 0 shows Track No. 00 is detected during 

READY 

track seaking operation. 

operation cannot be executed. However, seek operation is ex. 
ecuted reaardless of this sional. 

Ready 

Disk Read Operation Signal 

35 

Si nal for informing synchronization between RCLK and 
25 RG Read Gate 0 b to an external VFO circuit: RG = 1 show the FDC has 

found out a SYNC byte during disk reading operatin. 

26 RCLK Read Clock , A data window signal which is generated in an external VFO 
circuit out of Read Data. 

27 AAWREAD Raw Read I A raw read data signal transferred from the FDD. 

Disk Write Operation Signal 

! 

IP 

30 WG Write Gate 0 Signal for indicating data is being written into a disk. 
Signal for indicating early pre-compensation of data write timing 

17 EARLY Early Shift 0 to a disk: EARLY = 1 shows a serial data to be transmitted via 
the WD pin to a disk must be shifted earlier. 
Signal for indicating later pre-compensation of data write timing 

18 LATE Late Shift 0 to a disk: LATE = 1 shows a serial data to be transmitted via the 
WD pin to a disk must be shifted later. 

31 WD Write Data 0 A write data signal transferred to the FDD. 

29 TG43 Track Greater Signal for indicating a head position of a disk: TG43 = 1 shows 
Than 43 the head is located on any Track No. 44 thru 76. TG43 = 0 shows 

the head is located on any Track No. 0 thru 43. 
Input for informing a fault is detected during write operation for a 

33 W ~ E  Write FaultNariabie 110 disk (during WG = 1). Output signal for informing the FDC is 
Frequency Oscii- reading a disk (during WG = 0). - lator Enable 

34 WPRT Write Protect I Signal for inhibiting write operation for disk. 

Index Pulse I Signal for informing the FDC of an index hole of disk being 
detected in the FDD. 

FUJITSU 
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REGISTER SELECTION 

Chip 1 
Select Address Selected Register Data Access Line Status 

- 
c3 A 1  A, Read Mode (m = 0 )  Write Mode (m = 0)  DAL, -- m, 

DAL, - DAL, 
1 Deselected Deselected High Impedance 

0 0 0 Status Register (STR) Command Register (CR) Enabled 
0 0 1 Track Register (TR) Track Register (TR) Enabled 
0 1 0 Sector Register (SCR) Sector Register (SCR) Enabled 
0 1 1 Data Register IDR)  Data Register (DR) Enabled 

*: Don't care 

MB8876A/MB8877A BLOCK DIAGRAM 
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ME 8876A: NegaIive Logic 
" MB 8877A: Por~tive Logic 
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1 1 FUNCTIONAL BLOCK DESCRIPTION 
Command Register (CR) 
An 8-bit write-only register, holds the command 
which is being executed. This register should not 
be loaded when the BUSY flag is set (BUSY = 1) 
unless the execution of the current command is to 
be overridden, using the Force Interrupt command. 
Status Register (STR) 
An Sbit read-only register, holds the device status 
information. The contents of STR are automatical- 
ly updated according to the status of the execut- 
ing Command. After the STR is read, the IRQ out- 
put is usually reset (IRQ = 0) except for theType IV 
Command. 
Data Register (DR) 
An 8-bit readlwrite used as a holding register dur- 1 ing Disk Read and Write operations. In Disk Read 
operations, the serial data assembled in the Data 
Shift Register is transferred to the DR, where it is 
made available to the data bus. In Disk Write oper- 
ations, parallel data from the data bus is written in- 
to the DR where it is transferred to Data Shift Reg- 
ister. In aSeek Command, the data written into the 
DR holds the address of the desired Track address. 
Data Shift Register (DSR) 
An 8-bit shift register which cannot be accessed 
directly through the data bus. The DSR assembles 
serial data from the RAW READ input during Read 
operations and transfers the data to the DR. In 
Write operations, the DSR receives data from the 
DR and serially transfers it out through the WRITE 
DATA output. 
Track Register (TR) 
An 8-bit readlwrite register, holds the track number 
of the current disk head position for Restore, Seek, 
Step, Step-In and Step-Out Commands (i.e. TYPE 1 
Commands), and is updated during the Command 
execution. The TR contents are compared with the 
track number (recorded'in the disk's ID field) dur- 

ing Read, Write, and Verify operations. The TR 
should not be written to when the device is busy 
(BUSY = 1). 
Sector Register (SCR) 
An 8-bit readlwrite register, holds the address of 
the desired sector number. The sector number is 
written into the SCR prior to the Read and Write 
Data Command execution. It should not be written 
to during busy (BUSY = 1). Executing the Read Ad- 
dress Command causes the SCR to be loaded with 
the track number from the ID field. 

OTHER FUNCTIONAL BLOCKS 
Cycle Redundancy Check (CRC) Logic 
This logic is used for checking or generating the 
16-bit Cycle Redundancy Check that is in the ID 
and Data fields used for error detection. The poly- 
nominal is: G(X) = X16-t XI2 + X5 + 1. 
ArithmeticlLogic Unit (ALU) 
The ALU is a serial comparator, incrementer, and 
decrementer used for register comparisons and 
modifications with the disk record ID fields. 
Address Mark Detection (AM) Circuit 
A circuit to detect specific bit pattern data in the 
serial data from a disk (i.e. Index Mark, ID Address 
Mark, Data Address Mark). 
Data Modulator 
A circuit to modulate data to be written onto a disk 
in the specific recording format: Single density 
recording format: Frequency Modulation (FM) 
Double density recording format: Modified Fre- 
quency Modulation (MFM) 
Programmable Logic Array (PLA) for Commands 
A micro-program to generate control signals (Com- 
mands) which control the FDC operation: The size 
of micro-program is approximately 232 x 19 bits. 

FUJITSU 
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BIT STRUCTURES OF COMMANDS 
MB8876A/MB8877A 

7 6 5 4 3 2 1 0  
O O O O h V r l r o  
0 0 0 1  h V r l  ro 
0 0 1  u h V r l  ro 
0 1 0 u h V r l r 0  

Read Address O O O E O O  
Read Track l O O E O O  
Write Track O E O O  
Force Interrupt 0 1 13 12 11 10 

NOTE Bits shown In TRUE form. 

TABLE 1. STEPPING RATES 
CLK 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz - 

DDEN 0 
RlRO TEST=.< T E S T = 1  T E S T = <  T E S T = O  TEST=o 

0 1 6 ms 6 ms 12 ms 12 ms 1 9 0 ~ s  380,s 

1 0 10 ms 10 ms 20 ms 20 ms 198rs 3 9 6 ~ s  

1 1 15 ms 15 ms 30 ms 30 rns 2 0 8 ~ s  4 1 6 ~ s  

TYPE l COMMANDS TYPE I1 & Ill COMMANDS 
h = Head Load Flag (Bit 3) m = Multiple Record flag (Bit 4) 

h = 1, Load head at beginning m = 0, Single Record 10 = 1, Not-Ready to Ready Transition 
h = 0, Unload head at beg~nning m = 1, Multiple Records 11 = 1, Ready to No-Ready Transition 

V = Verify flag (Bit 2) a0 f = Data Address Mark (Bit 0) 12 = 1, Index Pulse 
V = 1, Verify on destination. t y c k  a0 = 0, FB (Data Mark) 13 = 1, Immediate lnterrupt 
V = 0, No verify a0 = 1, F8 (Deleted Data Mark) 

r l  ro = Stepping motor rate (Bits 1.0) E = 15 ms Delay (2MHz) 
Refer to Table 1 for rate summary E = 1, 15 ms delay 

u = Update flag (Bit 4) E = 0, no 15 ms delay 
u = 1, Update Track register S = Side Select Flag 
u = 0, No update S = 0, Compare for Side 0 

S = 1, Compare for Side 1 
C = Side Compare Flag 
C = 0, diable side select compare 
C = 1, enable side select compare 



STATUS REGISTER SUMMARY 

STATUS DESCRIPTION FOR TYPE I COMMANDS 
Bit Name Meaning 

S7 Not Ready This bit when set indicates the drive is not ready. When ?set i t  indicates that the drive is  ready. 
This bit is an inverted copy of the Ready input and logically 'ored' with MR. 

S6 Protected When set, indicates Write Protect is activated. This bit is an inverted copy of input. 
S5 Head Loaded When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD and HLT 

signals. 
S4 Seek Error When set, the desired track was not verified. This bit is reset to 0 when updated. 
S3 CRC Error CRC encountered in ID filed. 
52 Track 00 When set, indicates Reamri te head is positioned to Track 0. This bit is an inverted copy of the 

TROO input: . 
S1 Index When set, indicates index mark detected from drive. This bit is  an inverted copy of the P input. 
SO Busy When set command is  in progress. When reset no command is in progress. 

IB i t  I Name I Meaning 1 
-- 

S7 Not Ready This bit when set indicates the drive is not ready. When reset, i t  indicates that the drive is ready. 
This bit is an inverted copy of the Ready input and 'ored' with MR. The Type I1 and Ill Commands 
will not execute unless the drive is ready. 

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 Type/ On Read Record: It indicates the record-tvoe code from data field address mark. 1 = Deleted Data 
Write ~ a u l t  Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit is reset when updated. 

S4 Record Not when set, it indicates that the desired track, sector, or s~de were not found. This bit is reset when 
Found (RNq updated. 

S3 CRC Error If 54 is set, an error is found in one or more ID fields; otherwise i t  indicates error in data field. 
I I This bit is reset when updated. 

52 ( Cost Data I When set, i t  indicates the computer did not respond to DRQ in one byte time. This bit is reset to 
I I zero when updated. 

S1 1 Data Reouest 1 This bit is a coov of the DRQ outout. When set, it indicates the DR Is full on a Read Ooeration or - ~ - -  I tne DR is ernpty.on a Wrlte operation. This oir Is reset to zero when upoated. 
SO I Busy I When set, commano is unoer execution. When reset, no commana is under execution. I I 

1 FUJXTSU MICROELECTRONICS 
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1 TRACK FORMAT 
m-1 

1 I $ 
GAP? CAPE GAP 3 

CAP r POST ID IU DATA FIELD DATA 10 
-9 PREINDU 

DATA FIELD ID DATI~ELD 

Z Z B ~ E S  14 $2 #I  53 n 42 1 
BY115 B n E S  

1 1  2 3 4 5 8 2.120 134 131 1 
O A t l  OR 

A".;fP ;E$k ZEROES :t$lgS ZEROES 8gz, .?z2 DATA Il.) WnES OF USER CRC CRC 
OELEfED 

DATA ADDRESS W n E I  W T E l  
M4RL 

I CAP P / 0.- 9 I * E X F F l f 1  j 1 IIMYFlj K X F F t F M l  I sywc I 
HEXIEIUFML HEX 1EIYFML 

WRITE GATE 
TURN.OH FOR UPDATE 1 
OF N W  DATA FIELD 

'WHERE M E X M O I  FF IS OPTIONAL WRITE lYRW.OFF 

I F I S  RECOMMENDED. FOR UPDATE OF TRACK FORMAT PREVIOUS DATA FIELD 

7F '" I N D E X  DETECTION u 
POST AMBLE"" POST AMBLE 

NOTE: ': S h o w s  to h a v e  m f s s i n q  c l o c k  

":Shows t h e  ID field . .*. . Shows t h e  c y c l l c  R e d u n d a n c y  c h e c k  p o l y n o m ~ a l  G(X) = X '  + x5 + x12 + x'6 
a*... . See I h e  m o s t  r i g h t  c o l u m n  f o r  11s b y t e  n u m b e r s  a n d  d a t a .  

FUJITSU 
; MICROELECTRONICS 



1 / SECTOR FORMAT I 
IFMI 

or 
IMFM) 

I I i 1OO)H.. for 128 BvteslSector data 
(OVH for 256 8yteslSector data 
(02)H 412 ByteslSector data 
(03)H for 1024 ByteslSector data 

(OllH to (1A)H for 26 SectorlTrack format - (0l)H to (OqH for 15 SectorITrack formal 
(OlIH to (O8lH for 8 SectorlTrack format 

I 1 j ~ ;  ;;; :;M: 1 :; ~;;~l;;~;id;uble.side disk 

(W)H to (4A)H for Track 0 thru Track 74"' 

NOTE ': Byte number of thls column IS defined In the SECTOR LENGTH column. 
": "H" after parentheses show that the parenthesized figures are hexa.decima1. 
"': i'rack.75 and 76 are usually used for correction. 

Figure 1 MB8876A/MB8877A TiPICAL SYSTEM CONSTRUCTION 

MB 8876A: Negarive Logic 
" MB 8877A: Positive Logic TEST 

4" Open Collector Output 

FUJITSU 
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Data No. of 
Byte Bytes Comments 
(hex) 

FF 40-L-Gap 5 
Post Index) 

00 6 J 

FC 1 Index AM 
FF 26 -Gap 1 
00 6 
FE 1 ID AM 
XX 1 Track Number 

(00-44 
OX 1 Side Number 

(00 or 01) 
XX 1 Sector Number 

(01 -1 A) 
00 1 secto; Length 

(128 bytes) 
F7 1 Causes 2-Byte CRC 

to be Written 
FF 11 -Gap 2 (ID Gap) 
00 6 
FB 1 Data AM 

128 Data Field 
Causes 2-Byte CRC 
to be Written 1 :71parlofGap3 Q (Data Gap) 1 

247 Gap 4 
(Pre-Index) 

MB8876A/MB8877A 

IBM 3740 Format IBM System 34 Format 
This single-density (FM) format utilizes 128 bytes1 This double-density (MFM) format utilizes 256 bytes/ 
sector. The bytes to be generated by  the system sector. The bytes to  be generated by  the system 
MPU for use i n  the execution of  the WriteTrack com- MPU for use i n  the execution of  the Write Track corn- 
rnand are shown below. mand are shown below. 

- 

ONE _ 
SECTOR 

0 

Notes: 1. This pattern must be written 26 times per track. 
2 Continue writifig Hex FF until FDC completes 

sequence and generates INTRQ interrupt. - 

Notes: 1. This pattern must be written 26 times per track. 
2 Continue writing Hex 4E until FDC completes 

sequence and generates INTRQ interrupt. 

MICROELECTRONICS 
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Data No.of 
Byte Bytes Comments 
(hex) 

4E 80-L-Gap 5 
(Post Index) 

00 12J 
F6 3 Writes C2 
FC 1 Index AM 
4E 50 
00 12 -Gap 1 
F5 3 Writes ID AM 

Sync Bytes 
FE 1 ID AM 
XX 1 Track Number 

(00-4C) 
OX 1 Side Number 

(00 or 01) 
XX 1 Sector Number 

(01-lA) 
01 1 Sector Length 

(256 Bytes) 
F? 1 Causes 2-Byte CRC 

to be Written 
4E 22 -Gap2 (ID Gap) 
00 1 2 ~  
F5 3 Writes ID AM 

Sync Bytes 
FB 1 Data AM 
40 256 Data Field 
R 1 Causes 2-Byte CRC 

to be Written 
4E 54 Part of Gap 3 

(Data Gap) 
0 4E 598 Gap 4 

(Pre index) 



MB8876A/MB8877A 

ABSOLUTE MAXIMUM RllTINGS 

Rating Symbol Value Unit 

Voltage on any pin to Vss VCC, VI? VO -0.3 to ~7.0 V 
Operating Temperature TOP 0 to 70 'C 
Storage Temperature Tstg -55 to +I50 ' C  
Power Dissipation P D 800 mW 

Nola: Permanent devlcedamage may occur If Absolute Maximum Ratings areexcseded. Thls devlcecontatns clrcultw lo Drotecl Ine lnpuls agalnal damage due to nlgh statlc 
voltages oreiectric fields. However, it 1s advised trial normal precautions be laken laavoldapDlicallon oi any voltage nigher tnan max~mum rated voltages to Inns ntph ~ m -  1 
pedance clrcult. 

GUARANTEED OPEFATING CONDKIONS 
(Referenced to VSS) 

Value 
Parameter Symbol Min TYP Min Unit Operating Temperature 

Supply Voltage VCC 4.75 5.00 5.25 V 
Suuply Voltage VSS - 0 - V 
Input High Voltage . V I ~  2.0 - VCC V 

0°C to +70° C 

Input Low Voltage "\L -0.3 - 0.8 V 

DC CHARACTERISTICS 
(Full Guaranteed Operating Conditions unless otherwise noted.) 

Note 1 )  Except for HLT, TEST, WF, WPRT, and DDEN. (VIN = 0 to 5.25V) 
2) For HLT, TEST, WF, WPRT, and DDEN. (VIN = 0 to 5.25V) 

FUJITSU 
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MB8876A/MB8877A 

AC CHARACTERSTICS 
(Full Guaranteed Operating Conditions unless otherwise noted.) 

Read Timing (From FDC) 

': These values are doubled when CLK = 1MHz 

READ TIMING 

-2 1 . 6 ~ ~ '  IMFM) or 32ps' IFMI----+ 
DRQ 0.4V 2 0 . 4 ~  

KtgEVFlRRI 
IRQ - -0.4V 

- HIGH-Z 2.4V HIGH-Z 
DALIDAL 0.4V 

FUJITSU 
I MICROELECTRONICS 



':These values are doubled when CCK = 1MHz. 

WRlTE TIMING 

*:These values are doubled when CLK = 1MHz. 

,! 
L 
t 



MFM - I 2' I 20 1 pS RCLK Cycle Time FM tc - 4- 20 PS 



MB8876A/hW8877A 

FDC Write Data TLming (TO Disk) 

':This value, -50ns (rnin) indicated that Early (Late) signal changes Sons (rnin) before WD falls down in worst case. 
See DISK DATA OUTPUT TIMING. 

Parameter 

Write Data Pulse Width 

Write Gate To Write Data 

Wrlte Gate off from WD 

Early (Late) to Write Data 
Early (Late) from Write Data 

WD Valid to CLK 

WD Valid after CLK 

Early (Late) after CLK 

": All times are doubled when CLK = 1 MHz. 

WRITE DATA TIMING 

Symbol 

~ W D "  

~ w G * '  

~WF" 

t s 
t~ 

tD1 

tD2 

\ CLK \ 
WD 2.4V 2.4V 

EARLY 2.4V 
(UTE) 0.4v 

I 

EARLY 
(LATE1 

Conditions 

1 FUJITSU 
MICROELECTRONICS; 

CLK=2 MHz 

CLK = 2 MHz 

CLK=2 MHz 

Unit 

ns 

PS 

's 

ns 
ns 

ns 

ns 

ns 

Value 

FM 
MFM 
FM 
MFM 
FM 

- MFM 

Min 

450 
150 - - - 
1 
125 
-50' 
200 
30 
50 
50 
100 

CLK = 2 MHZ MFM 
CLK = 2 MHz MFM 
CLK = 1 MHz MFM 
CLK=2MHz MFM 
CLK = 1 MHz MFM 
CLK= 2MHz MFM 
CLK = 1 or 2 MHz 

Typ 
500 
200 
2 
1 
2 - - 
- 
- - - - 
- 

Max 

550 
250 ' - - - 
2 - 
- - - - 
- - - 



OTHER lTM7NG.S 

': These Values are doubled when CLK = 1MHz. 
*': During Master Reset, CLK of more than 10 cycles are required. 

OTHER TIMINGS 

CLK / 
STEP4N 

STEP 
0.4V 

FUJITSU 
; MICROELECTRONICS 
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. 
MB8876A/MBE877A 

PAC== DIMENSIONS Dimensions in inches (millimeters) 

CERAMIC PACKAGE (METAL SEAL) 
DIP-40C-A01 0 - 9 -  

- - - - - - - - - - - - - - - - - - - -  - - - 
1 I I 

R.05011 271 
i 1 985114561 

INDEX 

- - - - _ . - - _ . - - - - - - - - - - . . , -  : 1 1 - 
1.9eo150.231 o o a l o ~ +  i - 

,01210 301 2.020151 311 
1 - r.06011.521MAX 

15013.811 
; 0.9012.291 : 03610.911 ' /  01510.381 --- -, ; .wa l l  021 
: '.11012.791 0dJll 121 .02310.581 .CiOll.521 

1.900148.26IREF j 
i 

PLASTIC PACKAGE 
DIP-40P.MOl 

C'-15' 

2.045151 .XI i r 2.071152 so1 .01410.361 

- ,- 09012.291MAX 

, .19715.001MAX I 
1 

, 11813 MIMIN i 
C.lO0~2.541T'fP. - .07011.781 .02310.581 

.02010.511MIN 

1 
Circuit diagrams utilizing Fujitsu products are included as ameansofillustrating IYPlCal sem~conductor apolications:consequen~l~,cornplete:nf~rm~. i 
tion sufficient for construction purposes i s  not necessarily given. The information has been carefully cnecled and is beldeveo to be entirely rellable. .' 
How~ver,  no resoons~bllity 1s assumed for inaccuracies. Furthermore. such lnfarmationdoes not convey to the purchaser at  the semiconductor cevtces 1 described hereln any license under the patent rlghts of Fujltsu Limited or others. Fujilsu Limited reserres the rlsht lo  change devlce spec~f icat~ons. a 

i 
f 
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Lyoner Strasse 44-48 
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West Germany 
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Printed in USA 
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