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1. SCOPE 

This specific~tion defines the design requirements for the 
Shugart 1610-3 Rigid Disk Controller. 

2. APPLICABLE DOCUMENTS 

All relevant Engineering Specifications. 

Small Computer Systems Interface (ANSI X3T9.2) Specification 
E5600 DiSK Dr i ve Engineering Spccif;cation. 
ES700 Disk Drive Engineering Specification. 

3. GENERAL DESCRIPTION 

3.1 General Description. 

The 1610-3 Controller is a microprocessor based rigid disk 
controller with three custom LSI chips (NMOS). The controller 
is capable of controlling two Winchester disk drives, ST506 
interface co~~atiblc. The di~cn5ions of the controller are in 
the "foot print" of the drives. The custom LSI circuitry is 
implemented in thf Buffer controller chip, Disk controller 
chip, and Encode/Decode chip. The 1610-3 Controller is 
designed as a peripheral controller to be used with the low 
end of the SCSI industry standard interface as defined by the 
SCSI specification no. (ANSI X3T9.2). 

3.2 Features. 

* Support subset of SCSI commands on Host Adapter systems 
without Arbitration. 

* Support two different disk drives of the same capacitiEs. 
* Up to I-Hbytes/second maximum bus data transfer rate. 
* 5 -" b ; t s / sec 0 n d (S T 506) Dr i vet ran s fer rat e . 
* l-KByte Dual Port data buffer. 
* Asynchronous R~O/ACK Handshake for bus data transfer. 
* Single Ended drivers/receivers. 
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* Remo~able bus terminations. 
* Implied Seek for data transfer operations. 
* 21-Bit logical block addressing. 
* Automatic Cylinder/Head switching. 
* Programmable sector interleaving. 
* Jumper selectable block sizes (256, 512 bytes). 
* Multiple block transfer. 
* Automatic Read retries. 
* Track level defect handling. 
* 32-bit ECC polynomial for data field. Allows 11-bit burst 

error detection and 8-bit burst error correction. 
* 16-bit CRC for 10 field verification. 
* Jumper selectable PULSE-MODE Selection. 
* Power On Diagnostic. 
* 20,000 hours MTBF 

4. -DISK DRIVE INTERFACE. 

The drive interface is ST506 compatible. The control signals 
to and from the disk drives are transmitted via a daisy-chain 
cable at connector J2. Data and clOCK signals are transmitted 
differentially between the controller and the drives through 
the connectors J3 J4, and J5. Figure 4.1 shows the cable 
configuration between the controller and drives. 

DC POWER SCSI CABLE 
J I 

Jl JI0l DRIVE CONTROL SIGNAL CABLE 
J2 I 

DRIVE DRIVE 

I 
J3 DATA/CLOCK CABLES 

J4,J5 

Figure 4.1 1610-3 Drive Cable Configuration. 

4.1 Drive Control Signals. 

J2 is a 34 pin, control signa l , card edge connector. Maximum 
length should not exceed 20 f eet (6 meters). Open collector 
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drivet~ are u~ed for all tranSmittld signals. Al I assigned 
control signals are terminated with 220 ohms to +5 volts and 
330 ohms to ground at the receiving end of the cable. These 
termination resister ~o be prpvided by a removable resistor 
pack. The pin assignment of the J2 connector is shown in Table 
4.1. 

Table 4.1. J2 Control Signal Cable Pin Assignments 

SIGNAL PIN DESCRIPTION 

-RWC 2 -REDUCE WRITE CURRENT 
-HS2 4 -HEAD SELECT BIT 2 
-WG 6 -WRITE GATE 
-SKC 8 -SEEK COr1PLETE 
-TKO 10 -TRACK ZERO 
-FLT 12 -WRITE FAULT 
-HSO 14 -HEAD SELECT BIT 0 

16 SPARE 
-HSI 18 -HEAD SELECT BIT 1 
-INDX 20 - HIDE X 
-ROY 22 -DRIVE READY 
-STP 24 -STEP 
-DSI 26 -DRIVE SELECT 1 
-DS2 28 -DRIVE SELECT 2 
-OS3 30 -DRIVE SELECT 3 
-DS4 32 -DRIVE SELECT 4 
-DIR 34 -DIRECTION IN 

Note: All odd pins are connected to ground . 
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4.2 Data and Clock Signals. 

J3 and J4 are 20 pin data/clock header pin connectors. J5 is the 
image of J4 in the form of edge connector. Maximum cable length 
should not exceed 20 feet (6 meters). Each connector serves one 
drive. Table 4.2 describes the pin signals of J3 ,J4 and JS. 

All assigned data/clock lines are terminated with 100 ohns 
resistors from each side of the differential line to ground at 
the receiving end only. 

Table 4.2. Data/Clock Signal Cable Pin Assignments. 

SIG~IAL 

-SEl 

+WD 
-\~D 

+RD 
-RD 

PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

4.3 Cablf Termination. 

DESCRIPTION 

-DRIVE SELECTED 
GROUtlD 
SPARE 
GP.OUtlD 
SPARE 
GROUHO 
SPARE 
GROUlJD 
SPARE 
SPARE 
GROUND 
GROUtJD 
+ MHI WR!T[ DATA 
- tIFt-' \O/R IT E DATI\ 
GROUHD 
GR CUtl D 
+ r, F 1-' REA 0 DATA 
- HFtl READ DATA 
GROUtlD 
GROUrW 

The last physical drive at the end of the J2 cable must be 
terminated. 

--------------.------------------------------------------------------------
~'" 11/.0) 
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HOS" BUS. 

The 1610-3 controller communicates with host systems through 
an interface bus derived from the Small Computer Systems 
Interface ( SCSI). The controller is connected to the 
host bus via the 50 pin connector at J101. This cable length 
should not exceed 20 feet (6 meters) from the first to the 
last device on the bus. 

5.1 Interface Signals. 

Refer to SCSI Specification (ANSI X3T9.2) for detail 
descriptlon of bus signals. 

Table 5.1 shows the pin description of the J101 connector. 

Table 5.1. SCSI/SASI Bus Cable Pin Description. 

SIGNAL PIN DESCRIPTION 

-DBO 2 -DATA BUS Bn 0 
-DB1 4 -DATA BUS BIT 1 
-DB2 6 -DATA BUS BIT 2 
-DB3 8 -DATA BUS BIT 3 
-DB4 10 -DATA BUS BIT 4 
-DB5 12 -DATA BUS BIT 5 
-DB6 14 -DATA BUS BIT 6 
-DB7 16 -DATA BUS BIT 7 
-DP 18 -PARITY, (NOT USED, TER~lINATED) 

20 GROUN[l 
22 GROUND 
24 GROUtm 
26 OPEN 
28 GROUND 
30 GROUIlD 

•• e. Ttl 32 :Bt ' • I!L NIl? 
-GNO 34 -GROUND 
-8SY 36 -BUSY 
-ACK 38 -6C~tHlWI EDGE ~\+ 
-RST 40 r -BfSfJ ... ,~ 
-~ISG 42 -MESSAGE 
-SEL 44' -SELEU H-.~ 
-C /0 46 -CONTROL/DATA 
-REQ 48 -REQUEST 
- I/O 50 -INPUT/PUTPUT 

Note: A 1 1 odd pins except pin 25 (op-e~) are 
connected to ground. 
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For detailed information regarding the Host Interface 
Protocol, refer to the SCSI Specification (ANSI X3T9.2) 

5.3 Cable Termination. 

All assigned signal lines are terminated with 220/330 ohm 
resistor packs at the controller side. These resistor packs 
are mounted on sockets to allow for renoval if controller is 
used in the middle of the bus cable. 

5.4 Bus Device 10. 

3995 ' I 

The controller is allowed to assume any uniquely assigned SCSI 
bus device address. This device address (from 0 to 7) can be 
selected through the jumpers CU4. CU2. CUI. Refer to diagram 
6.1 for the location of these junpers. 

6. CIRCUIT BOARD . 

The 1610-3 controller consists of a single 2-layer printed 
circuit board. Figure 6.1 shows the locations of the various 
cable connectors. removable terminators and option jumpers. 

6.1 Option Jumpers . 

. 6.1.1 CU4, CU2. CUI: This group of jumpers are used to 
set device address of the controller on the SCSI 
bus. 

6.1. 2 Jumper W: This jumper is used to select the size 
the sectors. 

J-W Bytes/Sec Sectors/Trk 
Out 256 32 
In 512 17 

6.1. 3 Jumpers X and Y: These jumpers are not used. 

6.1.4 Jumper Z: This jumper is used in conjunction with 
the Selection ~ode jumpers SX, S" and PS. This 
jumper should be installed if the PULSE MODE is 
selected. See sections 6.1.7 and 6.1.8. 

6.1.5 Jumper H2-H1: These positions if ju~percd select 

of 
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the Yi"r1",ar.~ rP.set mCI~ ": ' When a SCSI t-,'st d!lvic e 
fssues a RESET on the bus. the mfcroprClcessor of the 
controller will be reset. This has the same effect 
as a power-on reset. 

6.1.6 Jumper H2-S: These positions if jumpered select 
the Software Reset mode. The RESET signal fro~ the 
host device is latched by the controller. The 
microprocessor. under program control. would perform 
a controller reset on the SCSI bus. 

6.1.7 Jumper SX-NS: These positions if jumpered select 
the normal mode of SCSI bus device selection. 
During the selection phase. the host must continue 
to assert the SELECT signal until the controller 
responds with the BUSY signal. If this mode is 
selected. jumper Z must not be installed. 

6.1.8 Jumper SX-PS: This jumper position allows the host 
adapter to select the controller by .pulsing the 
SELECT line (PULSE MODE). The SELECT signal is 
latched by the controller allowing the 
microprocessor to detect that the host initiated 
selection. This enables the controller to respond 
to a host that issues short selection pulses. Jumper Z 
must be installed if this mode is selected. 

SI\& 1. ' 10) 
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2 
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SCSI BUS 
TERMINATORS 

o PSm SELECT SX, r~ODE 
NS' SELECT 

J10! 

J1 
OC POWER 2 

Sm H2 • 
H1 • 

rO 
48 

J2 

CU4 []. CONTROLLER 
CU2 •• SELECTION 
CU1 •• ADDRESS 

0 

[]
_ PULSE MODE SELECT 

• .} N/U • • 
•• SECTOR SIZE SELECi 

2 20 
J3 I I 

2 20 0 
J4 I r-
34 

J5 

Figure 6.1: 1610-3 Ci rcuit Board Connectors 
and Option jumpers Locations. 

Physical Specifications. 

Width: 5.60 ; n. 04.23 em) 
length: 7.75 in. (l9.68 cm) 
Height: 0.75 ; n. (1. 90 em) 
Weight: 8.0 oz. ( 0 . 2 3 kg) 

10 
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7 • DATA FORi~AT. 

7.1 Cylinder and Head limits. 

Maximum number of cylinders supported is 2048. 
Maximum number of heads supported is 8. 

7.2 Track Format. 

The norminal track capacity is 10,416 bytes; the minimum 
track capacity is 10,270 bytes (based on a 1.4 percent 
speed variation). 

Figure 7.2 shows the 161D-3 track format. Note that the 
size of Gap 4 is dependent on the sector size chosen. 

~ ____ IN_D_EX ____________________________________________ ~EX 

GAPf 

200F4E 

320 BYTES REPEATED 32 TIMES OR 
602 BYTES REPEATED 17 TIMES 

Figure 7.2: Track Format. 

7.3 Sector Format. 

GAP 4 
182 OF LiE 

DR 
190 OF 4f 

Figure 7.3.1 shows the sector 
the format of the 10 field. 

format. Figure 7.3.2 shows 

ADbRESS ADD~ESS 
"-"ARk. 10 FIELD GAP2 MARK 

5YI\lC r--~ 2X I ~I 2S!o OR 
12Xi,?;1. 1A1IF5CYL HD _c~·:r( ISC·.t!AI iFB! 512. 

USER 
DA"TA 

Figure 7.3.1: Sector Format. 

*-+-+-+-+-+-+-+-*-+-+-+-+-+-+-+-*-+-+-+-+-+-+-+-* 
* C Y l *X! CYL lY! HD * SECTOP. * 
*-+-+-+-+-+-+-+-~-+-+-+-+-+-+-+-~-+.-+-+-+-+-+-+-* 

o 0 - Good Track. 
o 1 Alternate Track. 
1 0 Bad Track. 
1 1 Track Alternated. 

Figure 7.3.2: ID Field Format. 
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7.4 Sector Interleave. 

Sector interleaving is to tailor host system data transfer 
speed to disk rotational speed. It allows the host to map 
contiguous logical blocks on the drive on a non-adjacent 
physical order. The host system should try different 
interleave codes to adjust to the maximum data transfer 
rate. 

Example: Interleave code: 3 
Maximum sector number: 16 

Physical sector: 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Logical sector: 
0 6 12 1 7 13 2 8 14 3 9 15 4 10 16 5 11 11 

It would take 3 revolutions to transfer the entire track 
of data. 

Note that interleave of zero or one means that consecutive 
loqical blocks to be formatted in consecutive physical 
order. . ....... 

Interleave code must be less than the number of sectors 
per track. 

7.5 Defect handling. 

The 1610-3 controller supports track level defect 
handling. 

The Format Bad Track command (Opcode 07h) sets a flag to 
indicate that a track is defective. The controller 
reports an error if the track is accessed. 

The controller allows the host to assign a track as an 
alternate to a track with defect(s). This is done throuqh 
the Alternate Track co~mand(Opcode OEh). Subsequent -
access to the defective t racK will cause the controller to 
access data frem the alternate track automatically. Any 
direct access to the alternate track causes the 
controller to report an error. 
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The host c~n specify the cylinder number to start 
performing write precompansation and reduce write current 
through the Set Drive Parameter Command (Opcode Oeh). 

The controll£r automatically enables .the write precornp 
circuitry and selects reduce write current mode on the 
drive at th~ specified cylinders. If the host does not 
specify these locations, the defaults at cylinder 
128 for the reduce write current and cylinder 64 for the 
write precompensation. 

8. CONTROLLER COMMAND DESCRIPTION 

8.1 Command BlocK. 

An Input/Output request to the 1610-3 is performed by passing 
a command descriptor block (COB) to the controller. The CDB 
consists of six bytes sent by the host during the Command 
ph&sc. Th: fir~t byt~ cf the CDE is the command group and 
operation code. The second to the fourth bytes specify such 
information as the logical unit number (LUN), and blocK starting 
address. The fifth byte specifies the number of blocks to 
transfer. The sixth byte is the Control Byte. 

Refer to the SCSI specification (ANSI X3T9.2) for a detailed 
description of the structure of the command descriptor block. 

8.1.1 Logical Unit ~urnbcr. 

The 1610-3 controller supports a maximum of two logical units. 
Therefore, the LUN field in the command can take on the value 
of 0 or 1 only. 
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6.1.2 :~n:ro' By!e FJrmL~. 

The 1610-3 controller expects a special format for the control 
byte. The control byte is the last byte of al' commands. 

Bit 7: Disable Retry. 

If this bit is set, the controiler will not attempt 
to retry the command. 

If this bit is reset, upon encountering any error 
the controller will retry the command. 

NOTE: No retry will be performed on the Check Track Format 
command. 

Bit 6: 

Bit 5: 

Bit 4: 

If this bit is set, the controller will not retry a 
read of a sector that contains data ECC error before 
attempting correction. The error status 
(correctable or uncorrectable) is always reported. 

If this bit is reset, the controller will reread the 
sector before attempting to perform ECC data 
correction. If the ~rror burst is correctable the 
error will not be reported. 

This bit is used in format operation only. If this 
bit is set, the controller will write the sectors 
with the data from the sector buffer. User may 
select the data pattern by first issuing a Write 
Sector Buffer command (OEh). 

This bit is set to indicate that the disK drive has 
servo information prior to index on each track. 
During formatting, the controller leaves a gap of 300 
microseconds in front of the Index and 40 microseconds 
following the leading edge of the Index pulse .. 
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Bit 3-0: These four bits are used in combination to select 
the step rate for the drive. The following step 
rates are selectable. 

BITS 
321 0 DESCRIPTION 

0 0 0 0 3 msec step (default, non 
buffered) 

0 0 0 1 Reserved 
0 0 1 0 Reserved 
0 0 1 1 Reserved 
0 1 0 0 200 usee buffered step 
0 1 0 1 70 usec buffered step 
0 1 1 0 40 usec buffered step 
0 1 1 1 40 usec buffered step 
1 0 0 0 40 usec buffered step 
1 0 0 1 Reserved 
1 0 1 0 Reserved 
1 0 1 1 Reserved 
1 1 0 0 Reserved 
1 1 0 1 Reserved 
1 1 1 0 Reserved 
1 1 1 1 Reserved 

Selecting a "Reserved" step rate causes the 
controller to use the 3 msec step rate. 
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8.2 Crnup 0 CCtlrmands. 

Tables 8.2 shows the different commands under Group O. 

TABLE 8.2: List of Group 0 Commands. 

COMMAND 

TEST UNIT READY 
REZERO UNIT 
REQUEST SENSE 
FORMAT UNIT 
CHECK TRACK FORMAT 
FOR ~1 AT T R A C K 
FORMAT BAD TRACK 
READ 
READ VERIFY 
WRITE 
SEEK 
SET DRIVE PARAMETERS 

OF 

OPCOOE 

(00) 
(01 ) 
(03) 
(04) 
(05) 
(06) 
(07) 
(08) 
(09) 
(OA) 
(OB) 
(OC) 
(00 ) 
(OE) 
(OF) 
(10) 

READ ECC BURST ERROR LENGTH 
ASSIGH ALTERNATE TRACK 
WRITE SECTOR BUFFER 
READ SECTOR BUFFER 

8.2.1 Test Unit Ready Command (00) 

TABLE 8.2.1.: TEST UNIT READY COMMAND 

~ . 

I 
3995 

J 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3Bit-2 Bit-1 Bit-O 

Byte-O 
Byte-l 
Byte-2 
Byte-3 
By te- 4 
Byte-5 

o 0 
----- LUN 

a o 0 
o 0 

( 00 ) 
( 00 ) 
( 00 ) 
( 00 ) 

o 
o 

o 
o 

o 
a 

T his co r.1I!1 and s e 1 e c t san d ve r i fie s t hat the L UN s pee i fie dis 
powered on and ready. The command returns the zero status if 
the addressed unit is powered on and ready. 

----------------------------------------------~j 
SI1& UIlOI J 
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I 8.2.2 Rezero Unit Commllnd ( (\1) 

j TABLE 
I 

8.2.2. : REZERO UNIT COM~tANO 

J 
B i t-7 Bit-6 B i t-5 81 t-4 Bit-3 Di t-2 Bit-l B1t-O 

, 
i Byte-O 0 0 0 0 0 0 0 1 

) 
By te-l ----- lUN ----- 0 0 0 0 0 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 

Byte-4 ( 00 ) 
Byte-5 (*) 0 0 0 0 0 0 0 

(*) See description of Control Byte in section 8.1. 

Rezero Unit command recalibrates the unit to track zero (00). 

S'" ",ao) 
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8 2.3 ~pq~est Srnse Co~ma~d (Q!) 

TABLE 8.2.3.1.: REQUEST SENSE COMMAND 

Bft-7 Bft-6 Bft-S ·B f t-4 Bft-3 Bft-2 Bft-l Bft-O 

Byte-O 0 0 0 0 0 0 1 1 
Byte-l ----- lUN ----- 0 0 0 0 0 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 

Byte-4 ( 00 ) 

Byte-S ( 00 ) 

The REQUEST SENSE command returns four sense bytes. The 
sense data will be valid for the Check Condition status just 
presented to the host. Sense data is preserved by the 
controller for any check condition status, except immediately 
after a reset. 

A REQUEST SENSE command issued with no Check Condition status 
logged in will return a zero value in Sense Byte 00. 

Check Condition status is never returned for this command • 

Following an error indication of the status byte with Check 
Condition, the host may send a REQUEST SENSE command to obtain 
more detailed information. The forMat of the sense bytes 
returned by the controller is shown in Table 8.2.3.2. For a 
detailed description of the ADDRESS VALID, CLASS and ERROR CODE, 
see section B.S. 

TABLE 8.2.3.2.: SENSE BYTES FORMAT 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-l Bit-O 

Byte-O AD-VALID ---CLASS (0-3)--- -----ERROR COOE---------­
Byte-l -------- LUN ----- ----LOGICAL BLOCK AODR (MSB}---­
Byte-2 ----------------LOGICAL BLOCK AOOn--------------------­
Byte-3 ----------------LOGICAL BLOCK AOOR (LSB}---------------

If Check Condition status is returned after any format command 
or the CHECK TRACK FORnAT command, the sense data contains 
the logical block address of the track where the error 
occurred. If no error occurred and the host issues a REQUEST 
SENSE command, then the logical block address of the next 
track is returned in the sense data. 

-

J 
1 ,: I 
, 

I 
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TABLE 8.2.4.: FORMAT UNIT COMMAND 

Bft-7 Bit-6 Bft-5 Bft-4 Bft-3 B1t-2 Bft-l Bit-O 

Byte-O 
Byte-l 
Byte-2 
Byte-3 
Byte-4 
Byte-5 

000 0 
----- lUN ----- 0 

( 00 
( 00 

----------------INTERLEAVE 
(*) 0 (*) (*) 

o 100 
o 0 0 0 

) 
) 
COOE-------------------
(*) (*) (*) (*) 

(*) See description of the Control Byte in Section B.l. 

The FORMAT UNIT command formats the entire media and ensures 
that all data blocks can be accessed. Before issuing a FORMAT 
UNIT command, the host should send the SET DRIVE PARAMETER 
command to specify the drive characteristics. If the drive 
parameters are not received, the controller attempts to 
format the drive with default para~eters. Refer to the SET 
DRIVE PARAMETER command description. 

B.2.5 Check Track Format Command (05) 

Byte-O 
Byte-l 
Byte-2 
Byte-3 
Byte-4 
Byte-5 

TABLE B.2.5.: CHECK TRACK FORMAT COMMAND 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-l Bit-O 

o 0 0 0 0 1 0 1 
----- lUN ----- ------LOGICAL BLOCK ADDR {MSB)---
---------------lOGICAl BLOCK ADDRESS--------------
---------------LOGICAl BLOCK ADDRESS (LSB)--------
----------------I~TERLEAVE COOE---------------· ---

(*) 0 0 0 (*) (*) (*) (*) 

(*) See description of the Control Byte in Section B.l. 

This command checks the format of the entire track for 
correctness of all sector 10 fields and interleave computation 
for the track specified by the logical block address. The 
command does not read the data fields and does not transfer 
data to the host. The track to be checked is specified by the 
logical block address of any sector within the track. 

I 
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8.2.6 For~~t Track C~m~and (05) 

Byte-O 
Byte-l 
Byte-2 
Byte-3 
By te-4 
Byte-5 

TABLE 8.2.t.: FORr1AT TRACK COMt1AND 

Bft-7 Bft-6 Bft-5 .Bit-4 Bft-3 Bit-2 Bit-l Bit-O 

0000011 0 
----- LUN ----- ----LOGICAL BLOCK ADDR (MSB)---
--------------LOGICAL BLOCK ADDRESS---------------
--------------LOGICAL BLOCK ADDRESS (LSB)---------
----------------INTERLEAVE CODE-------------------

(*) 0 (*) (*) (*) (*) (*) (*) 

(*) See description of the Control Byte in Section 8.1. 

The FORr1AT TRACK command formats all sectors in the track 
specified by the logical block address of anyiector within 
the track. This operation is similar to the FORMAT UNIT 
command but limited to one track. User is to ensure that the 
interleave value set in the COB is identical to the value 
previously set for other tracks of the unit. 

8.2.7 Format Bad Track (07) 

l 

1 ~ 
! TABLE 8.2.7.: FORMAT BAD TRACK COHMANa 

• ," (1/101 

By te-O 
By te-1 
Byte-2 
Byte-3 
Byte-4 
Byte-5 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-l Bit-O 

0000011 1 
----- LUN ----- ----lOGCIAL BLOCK ADOR (HSB)---
-------------LOGICAl BLOCr. ADDRESS----------------
-------------lOGICAl BLOCK ADDRESS (LSB)----------
----------------INTERLEAVE CODE-------------------

(*) 0 0 (*) (*) (*) (*) (*) 

{*} See description of the Control Byte in Section 8.1. 

This command formats all sectors of the track specified by the 
logical block address of any sector within the track as bad 
sectors • 
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B.~.8 Peat;' Command (OB) 

TABLE B.2.B.: READ COHMAtJD 

Bit-7 Bit-6 Bit-5 B i t-4 Bit-3 91 t-2 B1t-1 B i t-O 

Byte-O 
Byte-1 
By te- 2 
Byte-3 
Byte-4 
Byte-5 

0000100 0 
----- LUN ----- ---LOGICAL BLOCK ADOR (MSB)---
-----------lOGICAL BLOCK AODRESS------------------
-----------LCGICAL BLOCK ADDRESS (LSB)------------
------------TRANSFER LENGTH-----------------------

(*) (*) 0 0 (*) (*) (*) (*) 

(*) See description of Control Byte in section B.1. 

The READ command transfers the specified number of blocks to 
the host beginning at the designated logical starting bloCK 
address. This command is limited to 21 bits of addressing and 
256 bloCKS of transfer. A value of zero in byte 04 means 256 
blocks transfer. 

If an unrecoverable error occurs durinri a multiple sector 
transfer, the controller terminates the transfer at the 
sector where the error is encountered . 

The controller also terminates a multiple sector transfer 
if a correctable data error occurs and the NO-RETRY bit 
(bit-7) of the Control Byte is set. An error status 
sent to the host. 

No data is sent to the host if any error occurred. 
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Byte-O 
Byte-l 
Byte-2 
Byte-3 
Byte-4 
Byte-5 

TABLE 8.2.9.: READ VERIFY COMMAND 

Bit-7 Bit-6 Bit-5 B1t-4 Bit-3 Bit-2 Bit-l Bit-O 

o 0 0 0 1 0 0 1 
----- LUH ----- ---LOGICAL BLOCK ADDR (MSB}---
-----------LOGICAL BLOCK ADDRESS------------------
-----------LOGICAL BLOCK ADDRESS eLSB)------------
------------TRANSFER LENGTH-----------------------

e*) e*} 0 0 (*) (*) (*) (*) 

e*) See description of Control Byte in section R.I. 

This command functions the same as the Read Command, except 
that no data is sent to the host. This command may be used to 
verify the data following a write or format operation. 

8.2.10 Write Command (OA) 

Byte-O 
By te-l 
Byte-2 
Byte-3 
Byte-4 
Byte-5 

Table 8.2.10.: WRITE COMMAND. 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-l Bit-O 

o 0 0 0 1 0 1 0 
----- LUN ----- ---LOGICAL BLOCK ADDR (MSE)---

' -----------LOGICAL BLOCK ADDRESS-----------------­
-----------LOGICAL BLOCK ADDRESS (lSB)------------
------------TRANSFER LENGTH-----------------------

(*) 0 0 0 (*) (*) (*) (*) 

(*) See description of Control Byte in section a.l. 

The WRITE command transfers the specified number of bloCKS 
beginning at the designated logical starting block address. 
This command is limited to 21 bit addressing and 256 blocks of 
transfer. A value of zero in byte 04 means 256 bytes transfer. 

blcx:J:J 
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Table 8.2.11: SEEK COMMA"D. 

Byte-O 
Byte-l 
Byte-2 
Byte-3 
Byte-4 
Byte-5 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-O 

o 0 0 
----- LUN -----
-----------LOGICAL 
-----------LOGICAL 

(* ) o o 

o { I 0 1 1 
---LOGICAL BLOCK ADDR (MSB)--­

BLOCK ADDRESS-----------------­
BLOCK ADDRESS (LSB)-----------­

( 00 ) 
o (*) (*) (*) (*) 

(*) See description of Control Byte in section B.1. 

The SEEK command requests the unit to prepare itself to 
transfer data from the specified address in minimal time. As 
READ and WRITE commands are performed with implied sec~, it is 
not mandatory to use this command. The command is limited to 
21 bit addressing. 

If Buffered Step ~ode is specified in the Control Byte, the 
controller will issue the seek step pulses to the disk drive 
and report command complete to the host before receiving SEEK 
COtWLE1E status from the drive. This allows the user to 
perform overlap seek operations. If another co~mand is issued 
by the host for th~ drive unit that is still see~ing, then the 
controller will wait until the seek is completed before 
executing the new command. 

The TEST UNIT READY command can be used during Buffer Step 
mode to determine if a seek request is completed . A Check 
Condition status is returned if the drive is still seeking. 
The returned sense data is DRIVE STILL SEEKING (Class:O 
Code:8). 
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3.2.1:: ~et Orin! P~ral.l;.ters (o ; lliian~ laC). 

TABLE 8.2.12.1: SET DRIVE PARAMETER COMMAND 

B1t-7 Bit-6 Bit-5 B i t-4 Bit-3 B1t-2 Bit-! Bit-O 

Byte-O 0 0 0 0 1 1 0 a 
Byte-l ( 00 ) 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 
Byte-4 ( 00 ) 
Byte-5 ( 00 ) 

The host specifies the disk parameters of the drives connected 
to the cClntrolller by sending the SET DRIVE PARA~:ETER cco::'anc. 
This should be done after power-on or a RESET to the 
controller. The drive parameters are sent to the controller 
during the DATA OUT phase of the command execution. The 
parameters are stored in the controller RAM. 

The pararameters and characteristics of both drives connected 
to the controller are initialized when this corn~and is issued. 
Therefore, if drives with different parameters are used, this 
cc~m~~d must h~ 5!"t to t~~ controller each time when 
switching between drive. 

The format of the drive parameter block is described in Table 
8.2.12.2. 

Table 8.2.12.2: 

Byte-a: 
Byte-I: 
Byte-2: 
Byte-3: 
Byte-4: 
Byte-5: 
Byte-6: 
Byte-7: 

Drive Parameter Format. 

Maximum number of Cyli~ders (MSB). 
Maximu~ number of Cylinders (lSB). 
Maximum number of Heads. 
Reduce Wri te Current Cyl i nder (tISB). 
Reduce Write Current Cylinder (LSB). 
Write Precompensation Cylinder (MSD). 
Write Precompensation Cylinder (LSB). 
Maximum ECC data burst length 

The maximum nUMber of cylinders and heads supported by the 
1610-3 controller is defined in Section 7.1 of this document. 
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Upon re~et or pro\,ler-up, ~he crnt ' o~lc:- de~lults' ~.o t~'! drfvn 
parameters as shown in tahle 8.2.12.3. 

Table 8.2.12.3: Default Drive Parameters. 

Byte-O: 
Byte-I: 

Byte-2: 

Byte-3: 
Byte-4: 

Byte-5: 
Byte-6: 

Byte-7: 

HEX 
VALUE 

00 
99 

04 

00 
80 

00 
40 

08 

Maximum number of Cyl;nders = 153. 

Max;mum number of Heads s 4. 

Reduce Writer Cur~~nt Cylinder = 128. 

Write Precompensation Cylinder = 64. 

Maximum EGC data burst length correctable 
= 8 bits. (Any larger value defaults to 
8. ) 
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8.2.13 Read ECC Burst Error Length Command (00). 

TABLE 8.2.13.1: READ ECC BURST ERROR LENGTH COMMAND 

B f t-7 Bit-6 Bit-5 Bft-4 Bft-3 Bft-2 Bft-l Bft-O 

Byte-O 0 0 0 0 1 1 0 1 
Byte-l ( 00 ) 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 
Byte-4 ( 00 ) 
Byte-5 ( 00 ) 

This command transf~rs one byte of information to th~ host 
indicating the ECC burst error length of an error just 
encountered. This command is only valid immediately following 
a Correctable Data Error code (18h). 

l 
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S·. 2~14 ft.ssign Al 'tern3te 7rac~. Comn,and (OE 1 

TABLE 8.2.14.1: ASSIGN ALTERNATE TRACK COMMAND 

By1e- 0 
":',- ,.," ··1 

,. -.' ·2 
. ' ~: " ) 

_~ :. ~ t !:' ~4-

:.~'j":' ;:'-5 

eit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-O 

o 0 000 1 1 1 
----- LUN ----- ----LOGCIAL "BLOCK ADDR (MSB)---
-------------LOGICAL BLOCK ADORESS----------------
··------------LOGICAL BLOCK ADDRESS (LSB)---------­
----------------INTERLEAVE COOE-------------------

(~) 0 (*) (*) (*) (*) (*) (*) 

(~), S'ee dcscdption of the Control Byte in Section B.l. 

Tile ~SSJS': ALTErWATE TRACK command allocates an alternate 
tra.cl. (whc,se a<1dress is specified in a 3 byte field sent in 
-#.e. tM1A C'.! T pll ase of the command) to the track. s~ecified by 
-the logico1 biock address in the COB. The control1er modifies 
t~ e for r, ' o "~ 0 f bot h the a 1 t ern ate dan d the a 1 t ern ate t r a c K by 
chaJ'\ging Lp. 10 fields of all sectors of those tracKs. 

Ta1>1"e S.?~!..2 shows the format of the 3 byte field that is 
sen~ dur~~: the DATA CUT r~ase to ~pecify the alternate tracK 
o.e.ci~c; 5 

~'1~!-o 
. \ .': ·,-1 

.::- 2 

lADL[ 8.2.14.2: ALTERNATE TRACK ADDRESS 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-l Bit-O 

o 0 0 ----LOGCIAL BLOCK ADDR (MSB)--­
-------------LOGICAL BLOCK AOORESS----------------
-------------LOGICAL BLOCK ADDRESS (LSS)----------

Att-eI!Ipts tCI access the logical block(s) of a track that is 
Ll{ernated causes the controller to access the blocks at 
the al't€rnc'~(> track. Attempts to access any sector in the 
a..1+e.rn4t;;' tracK directly causes a CHECK COUOITIOtl status. 

Alternat~ tracks cannot be allocated as alternat~d tracks to 
othe.r et'tcrnatt:' tracks. Only one level of assignnent is 
Llho~ed. A track cannot be alternated to itself. 
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8.2.:! Wri:'e S~~tor Buffer Comnd~d (OF}. 

TABLE 8.2.15: WRITE SECTOR BUFFER COMMAND 

Bit-7 B i t-6 Bit-S Bi t-4 Bit-3 B; t-2 Bit-l Bit-O 

Byte-O 0 0 0 0 1 1 1 
Byte-l ( 00 ) 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 
Byte-4 ( 00 ) 
Byte-5 ( 00 ) 

This command allows the user to send to the controller RAM 
buffer a sector of data. 

After issuing this command, subsequent format operation may 
write disk with the data in the buffer, ' if bit 5 in the 
control byte of the format command block is set. 

This command may also be used to test th~ RAM memory by 
writing a test pattern and reading it back with the Read 
Sector Buffer command. 

8.2.16 Read Sector Suffer Command (10). 

TABLE 8.2.16.1: READ SECTOR BUFFER CO~'MAND 

1 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bi t-2 Bi t-l Bit-O 

Byte-O 0 0 0 1 0 0 0 0 
Byte-1 ( 00 ) 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 
Byte-4 ( 00 ) 
Byte-5 ( 00 ) 

The controller will not send the data to the host if an 
uncorrectable data error is detected. Therefore, this co~mand 
may be used to retrieve the data in the controller's buffer. 

This command is also used to test the RAM buffer. 
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8.~ Group 7 Commands. 

Tables 8.3 shows the Group 7 commands supported by the 1610-3 
controller. 

TABLE 8.3: list of Group 7 Commands. 

ope ODE CO~1MAND 

(EO) RAM DIAGNOSTIC 
(E3) DRIVE DIAGNOSTIC 
(E4) CO~TROLLER DIAGNOSTIC 
(E7) REQUEST LOGOUT 

8.3.1 RAM Diagnostic Command (EO). 

TABLE 8.3.1.: RAM DIAGNOSTIC COMMAND 

B i t-7 B i t-6 B i t-5 B i t-4 Bit-3 Bit-2 Bit-1 Bit-O 

Byte-O 1 1 1 0 0 0 D 0 
Byte-l ( 00 ) 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 
Byte-4 ( 00 ) 
Byte-5 ( 00 ) 

This command performs a data pattern test on the interna~ 
controller lK RAM. The controller automatically performs this 
function at power-up. 

8.3.2 Drive Diagnostic Command (E 3) . 

TABLE 8.3.2.: DRIVE DIAGNOSTIC CmmAtJD 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bft-2 Bit-l Bit-O 

Byte-O 1 1 1 0 0 0 1 1 
By te-l { 00 } 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 
Byte-4 ( 00 ) 
By te- 5 ( 00 ) 

This diagnostic command reads sector zero on all tracks 
sequentially. 
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8.3 . 3 CQn~r(11~r niag~ostlc C!~~a"d (E4~. 

TABLE 8.3.3.: CONTROLLER DIAGNOSTIC COMMAND 

Dit-1 Bit-6 Bit-5 Bi t-4 Bit-3 Bit-2 Bit-l Bit-O 

Byte-O 1 
Byte-l 
Byte-2 
Byte-3 
By te-4 
Byte-5 

This command 
diagnosti c. 
EPROM. The 
pattern and 

1 1 0 0 1 0 0 
( 00 ) 
( 00 ) 
( 00 ) 
( 00 ) 
( 00 ) 

causes the controller to perform an internal 
The controller first verifies t~c checksum of the 

ECC circuitry is then tested by shiftins in a data 
verifying the ECC pattern ,enerated. 

, ' 
I , 
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TABLE 8.3.4.1: REQUEST lOGOUT COMMAND 

B1t-7 B1t-6 Bit-5 B1t-4 B1 t-3 B1t-2 B1 t-l B1t-O 

Byte-O 1 1 1 0 0 1 1 
Byte-1 ------LUN------ 0 0 0 0 
Byte-2 ( 00 ) 
Byte-3 ( 00 ) 
Byte-4 ( 00 ) 
Byte-5 ( 00 ) 

The controller keeps track of the error statistics for each 
connected drive. This command causes the controller to 
return the 8 bytes of error statistics associated with the 
specific LUN during the DATA IN phase. The format of the 
error statistics returned is shown in Table 8.3.4.2. 

1 
0 

The error log area is cleared after completing this command. 

Table 8.3.4.2: Error Logout Data Format. 

Byte-O: 
Byte-1: 
Byte-2: 
Byte-3: 
Byte-4: 
Byte-5: 
Byte-6: 
Byte-7: 

Non-recoverable Error Count (MSB). 
Non-recoverable Error 'Count (LSB). 
Recoverable Errors (MSB). 
Recoverable Errors (LSB). 
Soft ECC Errors (MSB). 
Soft ECC Errors (LSB). 
Correctable ECC Errors (MSB). 
Correctable ECC Errors (LSB). 

Non-recoverable errors are errors that cannot be overcome 
after all retries, except unrt!coverable ECC errors. 

Recoverable errors are ones that are overcome after one or 
more retries. This count excludes the recoverable ECC 
errors . 

- Soft ECC errors are ECC errors that are detected on the 
first read operation which are then read with no errors 
during retry operations. 

- Correctable ECC errors are errors that are correctable using 
the EeC correction scheme. 

L_' ______ -
111" ell.oJ 
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8.4 ~rm~lr~ior. ~tatus Byt~. 

When the 1610-3 controller completes a command, a byte of 
status is always sent to the host during the STATUS phase. 
This is used to indicate to the host if the command is 
completed successfully. 

The format of the status byte is shown in Table 8.4. 

Table 8.4.: Status Byte Format. 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-O 
(-------LUN-------) 0 0 0 ERROR 0 

- Bit-1: ERROR; This bit is set if an error occured during 
command execution. The host may perform a R~OUEST SENSE 
command (03) to obtain more detailed information. 

8.5 Sense Bytes Format. 

The REQUEST SENSE command (03 ) returns a block of four 
bytes of sense information to the host. See Section 8.2.3. 

The first byte of the sense data contains the following 
fields: 

Bit-7: ADDRESS VALID; If se t , then bytes 01 through 03 of 
the sense data represent the address at which the error 
occurred. 

- Bit-4 to 6: CLASS; Specifie s the error class. 

- Bit-O to 3: ERROR CODE; Spe c ifies the type of error. 

8.5.1 Class 0: Drive Error Codes. 

HEX VALUE 
( 0 ) 
( 1 ) 
( 2 ) 
( 3 ) 
( 4 ) 
( 5 ) 
( 6 ) 
( 7 ) 

8 ) 
9 - F ) 

No Sense. 
No Index Signal From Drive Selected. 
No Seek Complete. 
Drive Fault. 
Drive Not Ready. 
Not Used. 
No Track 00. 
Not Used. 
Seek In Progress. 
Not Used. 
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HEX VALUE 
( 0 ) 
( 1 ) 
( 2, ) 
( 3 ) 
( 4 ) 
( 5 ) 
( 8 ) 
( 9 ) 
( A ) 
( B ) 
( C ) 
( 0 ) 
( E ) 

F ) 

10 eRC Error. 
Uncorrectable Data Error. 
10 Address Mark Not Found. 
Not Used. 
Record Not Found. 
Seek Error. 
Correctable Data Check. 
Bad Block Found. 
Format Error. 
Not Used. 
Direct Access to an Alternate track. 
Alternate track already assigned. 
Assigned track of an Alternated track 
not formatted as an Alternate track. 
The Alternate track is assigned to itself 
on an Assign Alternate Track command. 

8.5.3 Class 2: Command Error Codes. 

o ) 
1 ) 
2 ) 
3 F) 

Invalid Command. 
Illegal Block Address. 
Illegal Function for Current Drive Type. 
Not Used. 

8.5.4 Class 3: Miscellenous Error Codes. 

o 
1 
2 
3 - F ) 

RAM error, Detected During Diagnostic. 
EPROM Checksum error. 
ECC diagnostic error. 
tJ 0 t Use d . 
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9.1 Envfronmental Specfffcatfons 

Storage Transft Non-Oper. Operating 

Temp. -40 to 1400F -40 to 1400F 50 to 11SoF 50 to 1150F 
(-40 to 60oC) 

Temp. 27oF/hr 
Gradient (1SoC/hr) 

Relative 10 - 95~ 
Humidity tJo Co nden-

sation. 

Humidity 10~/hr 
Gradient 

Altitude 0-40,OOOft. 
(0-12,192 m) 

(-40 to 60oC) (10 to 460C) (10 to 46oC) 

27oF/hr IBoF/hr IBoF/hr 
(1SoC/hr) (lOoC/hr) (lOoC/hr) 

10 - 9S~ 10 - BO~ 10 - 80~ 
No Conden- No Conden- No Conden-
sation. sation. sation. 

10~/hr 10~/hr 10't/hr 

0-40,OOOft. 0-40,OOOft. 0-10,OOOft 
(0-12,192 m) (0-12,192 m) (O-3,048 m) 

The controller normally does not require fans in standard 
operating environments where airflow is not restricted. 

9.2 Power Requirements. 

Jl is a four pin connector which supp1ies DC power to the 
controtler-. Table 8.2 shows the pin assignment for this 
connector. 

Table B.2: Jl Connector Power Requirements 

Pi n Vol tage Current Nom Current r~ax ;{ i pp' c 
1 +12VDC (+/-S%) 40 ma 50 ma 100 mv 
2 +12V RETURN 
3 + 5V RETURN 
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The 1610-3 controller is designed to be compatible with the 
Xebec S1410A which runs with the standard firmware set (Xebec 
PIN 104788). Due to hardware limitations and differences, the 
1610-3 controller differs from the Xebec S1410A as follo~s: 

1610-3 

Commands not supported: 
Diagnostic Read long and 
Diagnostic Write Long. 

- Number of heads supported: 
8 Heads 

- Supported step rates: 
3 mSec, 200 uSEe, 70 uSee, 
and 40 uSee. 

- Write preeompensation 
o or +/- 12 nSec. 

values: 

- Selection phase timing: 

S1410A with standard firmware 

tl / A 

16 Heads 

3 mSec, 200 uSee, 70 uSee, 
30 uSee, 15 uSee and 1Z uSee. 

Determined ~y bit P (MSB of write 
preeomp. parameters) as follows: 

P c 0: 0 0:"" +/- 5 nSee 
P = 1: 5 or +/- 15 nSec. 

Minimum time for assertion of SEl signal: 
50 uSee: normal mode 100 nSec 
100 nSec: pulse mode 
(limited to 1 controller 
per SCSI bus). 

BSY responses to SEl: 
.50 uSee 

ECC error burst length: 
8 bits Max. 

- Power requirements: 
+ 5.0 VDC at 1.7 A Max. 
+12.0 VDC at .05 A Max . 

50 nSee. 

11 bits ~~ax. 
(1000 times higher probability 
of miscorreetion). 

+ 5.0 VDC at 1.3 A Max. 
+12.0 YDC at .006 A Max. 
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