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CIRCUIT DESCRIPTION
A. FUNCTIONAL DESCRIPTION

THIS CIRCUIT PACK IS ONE OF THE FOUR THAT MAKE UP THE
CARTRIDGE TAPE TRANSPORT CONTROLLER (cTic), 11
CONTAINS THE READ CIFCUIT WHICH INCLUDES PREAMBLE/
POSTAMBLE STRIPPING CIRCU' Ry, WORD FRAMING CIR-
CUITRY, CYCLIC REDUNDANCY CHEEK (CRC) CIRCUITRY,

AND THC BUFFER FILL EMABLE CITCUITHY. IT PERFOMS
THE FUNCTION OF SHIFTING THE CONTENTS OF THT CRC
REGISTER TO THE BUFFER CIRCUITS.

AND WRITE CIRCUITS CAN BE EXERCISED WITHOUT OPERATING
THE CTT. DATA HILL ENTER DIRECTLY FROM THE OUTPUT OF
THE WRITE CIRCUIT LOCATED ON JK18 (SEE FIG. 1). THE
DATA AND ITS ASSOCIATED CLOCK ENTERS THE READ CIRCUIT
THROUGH THE DATA SELECTOR AND THE CLOCK SELECTOR
CIRCUITS, RESPECTIVELY. THE DATA CLOCKING CONTROL
CIRCUIT IMICH RECEIVES CLOCK PULSES FROM BOTH THE CLOCK
SELECTOR CIRCUIT AND A FREE RUNNING CLOCK (OPERATING AT
THE NORMAL DATA FREQUENCY) HAS TWO BASIC CLOCK OUTRUTS,
THE OUTPUT LABELED SHIFT PULSES BEGINS CLOCKING THE 24-
BIT DATA REGISTER AND THE DATA FRAME CIRCUITRY (THE DATA
FRAME CIRCUITRY INCLUDES LOGIC FOR STRIPPING THE PRE-
AMBLE AND POSTAMBLE) AS DATA INITIALLY ENTERS THE READ
CIRCUIT. AS THE PREAMBLE (FIFTEEN ZEROS FOLLOWED BY A
SINGLE OME) 1S SH:iFTED THROUGH THE 24-81T REGISTER, THE
QUTPUT OF THE DATA FRAME CIRCUIT INRIBITS CLOCK PULSES
TO EOTH THE CAC CHECK CIRCUIT AND THE BUFFER CIRCUITS
(THE BUFFERS ARE CLOCKED BY THE LEAD LABELED CLOCK QUT),
BY MONITORING THE OUTPUT OF THE 24-BIT REGISTER, THE
DATA FRAME CI%U1T DETECTS THE FIRST ONE (LAST BIT OF
THE PREAMBLE) AND THEN ENASLES THE CRC CHECK CIRCUIT
AND THE CLOCK OUT LEAD., THIS ALLOWS THE FOLLOMING DATA
TO BE CLOCKED INTO THE CRC CHECK CIRCUIT AND TO THE
BUFFER CIRCUITS. THIS IN EFFECT, STRIPS THE PREAMBLE
FROM THE DATA BY SIMPLY IGNORING IT AS IT FALLS OUT THE
END OF THE 24-8'T REGISTER.

THE OUTPUT DATA WHICH GOES TO THE BUFFER CIRCUIT PROPA-
GATES FROM THE 24-BIT REGISTER THROUGH THE DATA OUT
SELECTOR CIRCUIT. THE DATA OUT SELECTOR NORMALLY ALLOWS
CATA FROM THE 24-B1T PEGISTER TO PROPAGATE OVER THE

DATA OUT LEAD TO THE SUFFER CIRCUITS, MHEN IT IS
DESIRED TO EXAMINE THE CONTENTS OF THE CRC REGISIER, THE
NORMAL INPUT TO THE SELECTOR IS INHIBITED AND THE DATA
FROM THE CRC REGISTER IS CLOCKFD THROUGH THE SELECTOR TO
THE BUFFER CIRCUITS. THE CTTC MUST BE IN THE MAINTENANCE
MODE TO SHIFT THE CONTENTS OF THE CRC REGISTER TO THE
BUFFER CIRCUIT.

NOTICE THE OUTPUT DATA 1S DELAYED By 24 BITS FROM
THE INPUT DATA, IN NORMAL OPERATION THE CTT HAY PROVIDE
OME OR TW) ERRONEOUS DATA CLOCK PULSES FOLLOWING THE
END OF DATA READ FROM THE TAPE, THIS MEANS THAT THE
24-B1T REGISTER WILL CONTAIN UP TO EIGHT DATA BITS, THE
POSTAMBLE AND POSSIBLY ONE OR TWO ERRONEQUS BITS AT THE
END OF THE CLOCK STREAM FROM YHE CTT, THE DATA FRAME
CIRCUITRY CONTAINS A 4-BIT COUNTER WHICH RECYCLES 17
SELF EVERY 16 CLOCK FULSES BEGINNING AT THE FIRST DATA
BIT AFTER THE PREAMBLE, THIS COUNTER WILL BE AT A COUNT
LESS THAN 16 AT THE END OF THE DATA STREAM. THE DIFFER-
ENCE BETHEEN THE DATA-FRAHE COUNTER AND 16 1S THE NUMBER
OF DATA BITS LEFT IN THE 24-BIT REGISTER, ASSUMING

APE, THE DATA-DETECT LEAD
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WHICH TIME ALL CLOCKS ARE INHIBITED, THE POSTAMBLE WilLL
REMAIN IN THE 24-BIT REGISTER EFFECTIVELY STRIPPING IT
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IN THE MAINTENANCE MODE THE CONTENTS OF THE CRC REGISTER
MAY BE SHIFTED TO THE BUFFER CIRCUIT. THE INITIALIZATION
OF THIS SEQUENCE ENABLES THE DATA FRAME CIRCUITRY AND
SELECTS THE CRC THE DATA OUT SELECTOR CIRCUIT
MAINTAINING A FALSE STATE ON THE DATA-DETECT LEAD. THIS
EFFECTIVELY PUTS THE READ CIRCUIT IN THE READ ADJUST MODE
HWHICH ALLOWS EXACTLY 16 CLOCK PULSES

RUNKING CLOCK INPUT TO PROPAGATE THROUGH THE READ CIRCUIT,

P/0 CIRCUIT DESCRIPTION

AS IN A NORMAL READ OPERATION, WHEN THE DATA FRAME
COUNTER REACHES A COUNT OF 16, ALL OPERATIONS WILL
BE TERMINATED, LEAVING THE BUF FILL LEAD ENABLED.

B. DETAILED JESCRIPTION

THE READ DATA CLOCK LEAD (ROCLKD) WHICH COMES FROM THE
CTT, FEEDS THE 1ps MONOPULSER RDCLK1, THIS MONOPULSER
PROVIDES A DELAY T. ENSURT THAT THE GATA LEAD (RDDATO)
FROM THE CTT 1S STABLE BF+ORE CLOCKING INFORMATION INTO
THE OVERFLOW REGISTER BFLREG. THE ZERD OUTPUT OF RDCLK1
SERVES AS A TEST POINT WHICH IS BROUGHT OUT TO A CONMEC-
TOR TERMINAL, THE ONE QUTPUT OF ROCLK! FEEDS THE NAND
GATE TSTO WHICH 1S ENABLED BY BOTH MAINTD AND ENRD1,
MAINTO IS AN OQUTPUT OF THF MAINTENANCE FLIP-FLOP ON JK16.
IT IS AT A HIGH LEVEL WHEN "HE CTTC IS NOT IN A MAIN-
TEMANCE MODE, ENRD1 IS AN GuTPUT OF THE READ FLIP-FLOP
ON JK16. 1T IS AT A HIGH-LEVEL WHENEVER THE CTTC IS
HANDLING DATA (READ, WRITE AND CRC SHIFT OPERATIONS).
TSTO FEEDS RDST1 WalCH CLOCKS THE DATA THROUGH THE THREE
8-B1T REGISTERS BFLREG, PSTREGIA, AND PSTREGIR. THE
DATA !S FED INTO BFLREG BY RDATAT WHICH PASSES DATA FROM
EITHER THE CTT OR FROM THE WRITE CIRCUIT (JK18) DEFEND-

ING UPON THE ENABLING OF EITHER TDATAC OR MDATAD BY MAINTO OR

MAINT1, RESPECTIVELY. MAINT1 IS THE SECOND QUTPUT OF THE
MAINTEMANCE FLIP-FLOP ON JK16.

IN THE MAINTEMANCE MOOE THE READ AND WRITE CIRCUITS CAN
BE EXERCISED WITHOUT OPERATING THE CTT, MAINTO WiLL BE
AT & LOW LEVEL AND MAINTT WilL BE AT A HIGH LEVEL, THIS
ENABLES A DATA PATH FROM WDATA1 AMD A CLOCK PATH FROM
WE11 THROUGH MSTO, THIS STATE DISABLES THE DATA AND
CLOCK PATHS FROM THE CTT. WDATA1 AND W11 ARE DATA AND
:?gcmui%ﬁl} CLOCK LEACS FROM THE OUTPUT OF THE WRITE

INPUT DATA MHETHER CLOCKED FROM THE WRITE CIRCUIT OR FROM
THE CTT 1S CLOCKED THROUGH THE THREE REGISTERS OFLRES,
PSTREGIA, AND PSTREGIB. THESE ARE 41T 8-BIT THIFT
REGISTERS WHICH MAKE UP A 24-BIT SERIAL SHIFT REGISTER,
THE OUTAUT OF THIS REGISTER RDDATAB 1S ANDea WITH ROSTI
BY DAFRENC, DAFRENO MWILL PROVIDE A TOGGLE PULSE WHICH
CLEARS DAFR ON THE FIRST READ-CLOCK PULSE AFTER RDDATAB
GOES TO THE UNE STAVE. THE FIRST WORD OF A DATA BLOCK

IS THE PREAMBLE (15 "ZEROS" FOLLOMWED BY A SINGLE "ONE").
THEREFORE, THE CLEARING OF DAFR IMPLIES THAT THE FIRST DATA
BIT FOLLOWING THE PREAMBLE 1S AT THE OUTPUT OF THE 24-BIT
REGISTER. WMEN TeE CTTC 1S IN THE MAINTENANCE MODE,

THE FIRST WORD FROM THE WRITE CIRCUIT IS ALSO THE PRE-
AMBLE,  ALL DATA-CLOCK PULSES WHICH FEED EITHER THE

CRC CIRCUIT OR THE BUFFER CIPCUITS MUST PROPAGATE
THROUGH THE NAND GATE, RDSTC, RDSTO HAD BEEN INMIBIT-
ED BY THE SET STATE ON DAFR UNTIL AFTER THE LAST BIT OF
THE PREAMBLE, SINCE NO CLOCK PULSES ARE PERMITTED
THROUGH ROSTO, UNTIL AFTER THE PREAMBLE HAS BEEN SHIFTcD
FRO# THE 24-81T REGISTER, THE PREAMBLE IS STRIPPED FROM
THE DATA STREAM, THE CLEARED STATE OF DAFR ENABLES
RCSTO,  THE OUTRUT OF RDSTD PROVIDES DATA CLOCK PULSES
TO THE 16-STATE WORD FRAMING COUNTER (WFRCT), THE READ
SHIFT PULSE MONOPULSER (RSTPUL), THE CLOCK INPUTS TO THE
CRC REGISTER, AND SHCRC1,

IN THE NORMAL DATA TRANSMISSION MODE, DATA WHICH APPEARS
AT THE Q8 CUTPUT OF PSTREGTB PROPAGATES THROUGH RDDATD,
TDRUTD, AND D@UT?! TO THE D CELL OF CRCRGA. 1T IS LOADED
ONTO THIS FLIP-FLOP BY SHCRCO. THE OUTRUT OF THIS CELL

(RDBUT1) 1S THE DATA CUTFUT SIGNAL FROM THE CTTC'S REM

CIRCUITRY, SHCRCO ALSO CLOCKS THE Q& OUTRUT OF PSTRE.IB
THROUGH THE CRC ERROR DETECTION CIRCUIT,

AS DATA IS BEING SHIFTED THROUGH THE CRC CIRCUITS AND THE
OUTAUT FLIP-FLOP, RDSTO IS ALSO PROVIDING CLOCK RULSES

TO THE 1ps MONOPULSER, RSTPUL AND THE 16-STATE WORD FRAME
COUNTCR, WFRCT. THE OUTRUT OF RSTRUL (RSP1) SERVES AS

THE READ-DATA CLOCK TO THE BUFFER CIRCUIT. DATA IS CLOCKED
INTO THE BUFFERS OM THE TRAILING EDGE OF RSP1. THIS ALLOWS
DATA FROM PSTREGIB TO BE SETTLED IN THE D CELL OF CRCRG/
BEFORE THE BUFFER 1S CLOCKED.

WHEN THE READ CIRCUIT IS IN THE IDLE STATE (NO DATA IS
BEING TRANSFERRED THROUGH 1T), BNRD1 THE OME OQUTRUT

OF THE REAL FLIP-FLOP ON JK16 1S AT A LOW LEVEL, THIS LW
LEVEL MAJITAINS A SET STATE ON THE D-TYPE FLIP-FLOP
RADJEN AND BY DRIVING THE OUTRUT OF ROCL1 HIGH, 1T MAIN-
TAINS A LOW LEVEL AT THE OUTPUT OF RCLKD, THE LOW LEVEL
AT THE QUTRUT OF RCLKO RETAINS A CLEARED STATE ON THE
OUTPUT OF THE D-TYPE FLIP-FLOP ADJSYN AND A SET STATE

AT THE QUTPUT OF DAFR. THE LOW LEVEL AT THE ZERO

OUTRUT OF DAFR HOLDS WFRCT IK ITS CLEARED OR 1NITIAL
STATE. THIS ENSURES THAT THE COUNTER WILL BEGIN COUNTING
AT THE ZERO STATE OM THE FIRST CLOCK PULSE AFTER THE
PREAMBLE HAS FALLEN FROM PSTREGIB,  AS A READ OPERATION
BEGINS THE CLEARED STATE OF ADJSYN ENABLES CLEINH AND
DISASLES ENCLKD. THE EMABLED CLKINH ALLOMS READ-CLOCK
PULSES FROM RDST? TO PROPAGATE THROUGH ADJCLK) TO THE
INPUT OF ENCLXO WHICH IS DISABLED, AND TO ADUCLXD. THE

CF ADJCLKD PROVIDES CLOCK PULSES TO

ouTPUT RADJEN AND
ADJSYN. SINCE THE CARRY OUTPUT OF WFRCT FEEDS THE DATA

INFUT TO RADJEN, EACH CLOCK PULSE APPEARING AT RADJEN

WiLL ATTEMPT TO CLEAR !T, EXCEPT WHEN THE CARRY OUTRUT

OF WFRCT IS HIGH A READ-CLOCK PULSE OCCURRING WHILE THE
CARRY OUTPUT OF WFRCT IS IN THE HIGH STATE WILL SET RADJEN,
THIS OCCURS EVERY SIXTEENTH CLOCK PULSE AFTER THE PREAMBLE
HAS BFEN STRIPPED, WHFN RADJEM 1S IN ITS CLEARED STATE THE
"ZERC" OUTPUT ACLKENT WILL ENABLE RADUO IF THE "OHE® OUT-
FUT OF THE MONOPULSER MDDNP IS IN A HIGH STATE. WHEN DATA
IS BEING TRANSMITTED FROM THE CTT THE "ONE" OQUTPUT OF MDDNP
WILL BE AT A LOW LEVEL, MAINTAINING A LOM LEVEL AT THE
DATA INPUT TO ADJS'N. THIS LOW INPUT WILL RETAIN THE
CLEARED OUTFUT ON ADJSYN AS IT IS CLOCKED BY ADJCLKD, THE
"ONE"™ OUTPUT OF MDONP 1S TRIGGERED TO A LOW LEVEL BY A LOW-
TO-HICH TRANSITION ON MDDO, WHICH ONLY OCCURS AT THE
TREILING EDGE OF A DATA STREAM TROM THE CTT. WHEN ALL DATA
OF A GIVEM BLOCK HAS BEEN CLOCKED FROM THE CTT AND THE READ
HEAD 1S OVER AN INTERBLOCK GAP (IBG), MDDO GOES HIGH.

THIS CAUSES THE MONE" OUTRIT OF MDDNP TO GO TO A HIGH
STATE FOR APPROXIMATELY s, THE DATA BEING SHIFTED

TO THE BUFFER CIRCUIT IS YED BY 24 BITS BY THE 24-

BIT DATA DELAY REGISTER. WFRCT SHOULD BE AT A COUNT OF
EICHT WHEN THE LAST INFORMATION BIT 1S CLOCKED FROM THE
CTT. (THIS COUNT MAY BE NINE OR TEM, DEPENDING UPON
RINGING OF THE PREAMPLIFILRS OF THE CTT. THE D

BETWEEN THE COUNTER OUTFUT AND 16 IS THE NUMBER OF DATA
BITS LEFT IN THE REGISTER. ) SINCE WFRCT IS NOT AT A

FULL COUNT OF 16, PART OF THE LAST DATA WORD AND THE POST-
AMBLE ARE STORED IN THE 24-BIT REGISTER AND RADJEN IS LEFT
IN THC CLEARED STATE AFTER THE LAST DATA-CLOCK PULSE. THE
READ HEAD JF THE CTT HAS NOW MOVED TO AN IBG, MODO GGES
HIGH CAUSING THE "ONE™ OUTPUT OF MDDMP TO GO TO A HIGH
STATE ENABLING RADJO, THE FREE-RUNNING CLOCK PULSES ON
CLK#11 (48KHZ) WILL BEGIN PROPAGATING THROUGH RADJO, THE
FIRST CLOCK PULSE WILL SET ADJSYN WHICH HAD BEEN IN THE
CLEAR STATE PREVIOUSLY. SETTING ADJSYN EMABLES ENCLKD

AND DISABLES CLKINH SO THAT CLOCK PULSES, WHICH APPEAR

ON CLK@11, CAN PROPAGATE THROUGH RDST1. DISABLING CLKINH
PREVENTS ITS LOW OUTPUT (OUTRUT FROM THE FIRST CLOCK RULSE
ON CLKE11) FROM INHIBITING ADJCLK, THE CLOCK INAUT TO .
ROST1 WILL CONTINUE UNTIL WFRCT REACHES A FULL COUNT OF
16, AT THE SIXTEENTH CLOCK PULSE THE CARRY OUTPUT OF
WFRCT 15 HIGH AND RADJEN 1S CLOCKED TO THE SET STATE.
ACLKEM1 1S MOW LOW DISABLING THE CLOCK INFUT AT RADJO,

AT THIS POINT THE REMAINING DATA WHICH WAS STORED. IN THE
24-B1T REGISTER HAS BEEN CLOCKED INTO THE BUFFER CIRCUIT
AND INTO THE CRC CIPCUIT. THE POSTAMBLE WiLL REMAIN IN
THE LAST 16 CELLS OF THE REGISTER, EFFECTIVELY STRIPPING
IT FROM THE DATA, THE READ-ADJUST OPERAT!ON DESCRIBED
ABOVE REQUIRES A MAXIMUM OF NINE CLOCK PULSES FROM THE
CLKZ11 INFUT, LESS TMAN 200ps. THIS MEANS THAT THE "ONE"
OUTPUT OF MDONP REMAINS HIGH AFTER THE LAST CLOCK

PULSE FROM ROSTD. THE LAST CLOCK PULSE HAD ALSO SET
RADJEN LEAVING ACLKENO HIGH. THE COMBINATION OF THESE
THO HIGH LEVELS EMABLES RSTPO ALLOWING THE LAST CLOCK
PULSE BPFEARING ON RSP1 TO PROPAGATE THROUGH ROCL1 ANG
RCLKO TO SET THE FLIP-FLOP DAFR, ENDING THE READ CYCLE,
(NOTE CLOCK PULSES OM RSP1 ARE INITIATED AT THE TRAILING
EDGE OF CLOCK PULSES FROM ROSTO.) WHEN MDDNP TIMES QUT

IN THE MAINTENANCE STATE N
VERY SIMILAR MANNER, MAINTO WILL BE LOW AND MAINT? MWILL
BE HIGH, DATA THAT COMES DIRECTLY FROM THE WRITE CIRCUIT
(JX18) WILL APPEAR ON WDATA1, THE CLOCK WiLL APPE’R ON
Wil (ALSO FROM JK18). AT THE END OF THE |

ROADJ1 WILL BE DRIVEN HIGH BY THE WRITE CIRCUIT. THIS
ALLOWS THE READ ADJUST CLOCK CLKD11 TO PROPAGATE THROUGH
RAWAD.JO.

THE CRC CIRCUST MONITORS ALL DATA READ INTO THE READ CIR-
WHEN THE CTTC IS IN

MODE THE CRC REGISTER IS CLEARED BY ISSUING.A CLEAR CRC
A

ORDER WHICH APPEARS AS
5 AN QUTPUT FROM

WHERE

MODE. THE 16 BITS OF THE CRC REGISTER ARE ORGANIZED IN

FOLLOWING MANMER: BITS G,1, AKD 15 ARE CELLS n,;hun
T

C OF CRCRGA, RESPECTIVELY. ~BITS 2,3,4,5,6,7 9
ARE CELLS 1.2,3,4,5,6,7, AND 8 OF CRERGS, Elvs’& IVELY.

BITS 10,11,12,13, AND 14 ARE CELLS 1,2,3,4, AND 5 OF CRCRGC,
RESPECTIVELY.  CRC1D1 PERFORMS AN EXCLUSIVE SR FUNCTION ON'
RDDATAB (INPUT DATA TO THE CRC CIRCUIT) AND BIT 15 OF THE
CHECK REGISTER. THE OUTRUT OF CRCTDT 1S ENABLED THROUGH
GATES CRCDENO AND CRCO1 BY SHEN. THE OUTRUT OF CRCD1

FEEDS BT O OF THE CHECK REGISTER, AND IS EXCLUSIVELY SRed
WITH BIT 1 BY CRC301 TO FZED BIT 3, AND BIT 14 By CRI5D1
WHICY FEEDS BIT 15 OF MHE CHECK REGISTER, THIS CIRCUIT

IS A CYCLIC-REDUNORNCY CHECKER FOR THE GINERATOR POLVMONINAL
1+ %2+ x5+ x15 ERIAO, ER1BO0, ERICO, ER1D0, ERIEC,
ER1FD, ER160, ERTHO, AND ERDET1TOR™THE 16-QUTRUT BITS OF
THE REGISTER TOGETHER AND INDICATE IF ANY OF THE 16 CELLS
CONTAIN A "ONE." (THi> INDICATES AN ERROR COHDITION

CRCERD BY EREMINI, ERENINT 1S HIGH WHENEVER THE CTTC IS
NOT IN A READ OR READ-AFTER-MRITE MODE (THE READ CikCUIT
1S NOT TRANSFERRING DATA).

IHMMINMMMCNWTMYHST&EW&-
BILITY OF EXERCISING THE READ AKD WRITE CIRCUITS WITHGUT
UTILIZING THE CTT, BUT ALSD THE CAPABILITY OF SHIFTING THE
CONTENTS OF THE GRC REGISTER TO THE BUFFER CIRCUITS.
WITH THE CTTC IN THE MAINTEMANTT MODE, IF A COMMAND
TO SHIFT THE CRC REGISTER CONTEKTS IS ISSUED, A PULSE
WILL APPEAR ON THE INPUT SCRCCO, SCRCCO 1S AN QUTRUT
DECODER LOCATED OW JKi6, THIS
PULSE WILL IMMEDIATELY CLEAR DAFR AND RADJEN, IT CREATES
A PULSE AT THE OUTPUT OF SCRC1 WHICH TOGGLES SHEN TO A
CLEARED STATE AND TRIGGERS MDONP, CLEARING DAFR EMABLES
RDSTO AD RENOVES THE CLEAR SIGNAL FROM WFRCT, ALLOAING

INS A HIGH LEVEL ON ACLKEN1, ENABLING
THE FREE RUNNING CLODK CLX#11 THROUGH RAWADTO.

THROUGH ADJCLK1 AND ADJCLKO TO SET ADJSYN, ENABLING
ENCLKOD. THA' AD ADJUST CIRCUIT 1S AS IT
WOULD BE JUST AFTER DATA DETECT GOES INACTIVE AT THE
OF A READ SEQUENCE. _FROM THIS POINT, THE READ
LOM EXACTLY 16 CLOCK PULSES

;
:

THIS ALLOWS DATA FROM THE CRC REGISTER TO APPEAR OM
ROBUT1.
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3 F/0 CIRCUIT DESCRIPTION
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P/0 CIRCUIT DESCRIFTION
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