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PDP-11/70 PROCESSOR MAINTENANCE
‘COURSE OUTLINE

DAY 1
I. Introduction
II. PDP-11/70 System Description

III.

Iv.

A.  System Components

B. Physical Configuration

C. ©PDP-11/70 Addressing Space
KBl1l-B Block Diagram

A. Data Paths Block Diagram
B. Control Block Diagram
KBll-B Timing

A. Basic Timing

B. Pause Timing

References: KBll-B Processor Manual Sec. I Ch. 1, Sec.

1-6, pp 2-1 to 2-3, Ch. 4.

ReadingiAssignment: KB11l-B Processor Manual Sec. I Ch,

II pp 1-1 to

1,

Sec.

DIGITAL EQUIPMENT CORPORATION
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Ch‘. 4.



11/70 Proc. Maint

DAY 2
V. Control ROM
A. RAR and RBR Timing
B. Address Calculation
1. Fork
2. Branch
VIi. Flow Diagram Concepts
A. Symbology
B. Correlation to ROM Map and Block Diagram
VII. Control Console
A. Flows
B. Logic
VIIE¥. Load Address Operation

References: KBll-B Processor Manual Sec. II Para. 1.2 to 1.2.3,
Para. l.4 to 1.4.8, Sec. III Para. 2.1 to 2.5.2.

Reading Assignment: KBll-B Processor Manual Sec. II Para. 1.2.1,
1.4 to 1.4.4.
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11/70 Proc. Maint

DAY 3
IX. Register Deposit/Deposit Step Operation
A.' General Register Selection |
X. Register Examine/Examine Step Operation
'XI. Examine and Examine Step Operation
A. Unibus Data Transfers
XII.  Deposit and Deposit Step Operation
XIII. Start Operation
XIV. Troubleshooting Laboratory
Réferences: KBl1l1l-B Processor Manual Sec. II Para. 2.1.4, Ch. 5,
Sec. III, Para 2.5 to 2.12

Reading Assignment: KBll-B Processor Manual Sec. II Ch. 5, Sec. III
Para. 2.7.3.
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DAY 4.
XV. Condition Code Instructions

A, Flows:
B. Logic

XVI. Branch Instructions
A. Flows
B. Logic

XVII. Single Operand Instructions
A. No Memory Reference
B. Destination'Operand Acquisition

XVIII. Troubleshooting Laboratory

References: KBll-B Processor Manual Sec., II, Para.l.4.6.1 to 1.5.8.

Reading Assignment: KB-11-B Processor Manual Sec. II Para.l.4.6.1 to
1.5.8.
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" DAY 5
XIX. Double Operand Instructions
XX ‘Register Instructions
A, ASH |
B, ASHC
XXI. Troubleshooting Laboratory
References: gﬁlé-B Processor Manual Sec. II Para. 1l.2.5.7, 2.1.5 to

Reading Assignment: KBll-B Processor Manual Sec, II Para., 2.1.5 to
2.1.8.

DIGITAL EQUIPMENT CORPORATION
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DAY 6
XXII. Register Instructions (continued)
A, MUL
B. DIV
XXIII. fTrap and Subroutine Operations

A. JMP and JSR
B. RTS
C. TRAP
D. RTI and RTT
E. PSW Logic

References: KBll-B Processor Manual Sec. II Para. 1.2.5.8, 1.2.5.9.,

3.9 to 3.9.10.

Reading Assignment: KB1l1l-B Processor Manual Sec. II Para. l.2.5.8.,
1.2.5.9, 3.9 to 3.9.10.

DIGITAL EQUIPMENT CORPORATION
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DAY 7
XXIV. BRQ Operations
A. Service Flows
B. Interrupts and Traps
C. Power Up and Power Down

XXV. Troubleshooting Laboratory

References: KBll-B Processor Manual Sec. II Ch. 6.

Reading Assignment: KB1ll-B Processor Manual Sec. II Ch. 6.

DIGITAL EGQUIPMENT CORPORATION
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DAY 8
XXVI. Cache Concepts
XXVII. Block Diagram
A. Address Logic
B. Data Logic
XXVIII. Program Example
XXIX. Cache Logic
A. Timing
B. Power Up - Initialization
C. Request Arbitrator
D. Cache Registers
XXX. Troubleshooting Laboratory
References: ﬁBélgB Processor Manual Sec. VI Ch. 1, 2,Para. 4.3 to

Reading Assignment: KBll-B Processor Manual Sec, VI Ch., 1, Para. 2.1
to 2.2.3.6, 4.3 to 4.5.

DIGITAL EQUIPMENT CORPORATION
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DAY 9

XXXI. cache Operations

A.

B.

C.

E.

Read Hit

l. Processor

'2. Unibus Map

Processor Bust - Bend Cycle
Read Miss

1. Processor

2. Unibus Map

Write

l. Processor

2. Unibus Map

Register Read and Write

XXXII. Troubleshooting Laboratory

11/70 Proc Maint

References: KBll-B Processor Manual Sec. VI Para. 3.8 to 3,8.8.

Reading Assignment:

-ix=-

KBl11l-B Processor Manual Sec. VI Para. 3.8 to 3.8.8

DIGITAL EQUIPMENT CORPORATION
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DAY 10
XXXIII. Memory Management
A. Relocation
B. Protection
C. Multiple Modes
D. Statistical Information
XXXIV. Memory Management Timing

XXXV. ROM Control

References: KBll-B Processor Manual Sec. IV Ch. 1, Para 2.1,
2.2, 3.1, 3.2; Ch. 6,

Reading Assignment: KB1ll-B Processor Manual Sec. IV Ch. 1l., 6.

DIGITAL EQUIPMENT CORPORATION
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DAY 11

XXXVI.

Memory Management Relocation Logic
A. Selection of K, S, U Space
B. Selection of I, D Space

C. Generation of Physical Address

XXXVII. Memory Management Protection Logic
A. Selection of a PDR
B. Memory Management Trap Logic
C. Memory Management Abort Logic
XXXVIII. Troubleshooting Laboratory
References:

Reading Assignment:

-xi-

11/70 Proc Maint

KBl11l-B Processor Manual Sec. IV Ch. 3,4,5,8.

KBll-B Processor Manual Sec. IV Ch. 3,4,5,8.

DIGITAL EQUIPMENT CORPORATION
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DAY 12
XXXIX. Memory Management Internal Register Logic
A. PDR A and W Bit Operation
XXXX. MTP, MFP Instruction Execution
XXXXI.  Unibus Map
A, Block Diagram
B. Operation

XXXXITI. Troubleshooting Laboratory

References: KB1l1l-B Processor Manual Sec. IV Ch. 7, 9, Sec. V Ch. 1.

Reading Assignment: KBll-B Processor Manual Sec. IV Ch. 7, 9, Sec.
V, Ch. 1. '

DIGITAL EQUIPMENT CORPORATION
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DAY 13
XXXXIII. Unibus Map Logic

A. Cache/Unibus Transactions
B. Register Operations

XXXXIV., Troubleshooting Laboratory

References: KBll-B Processor Manual Sec. V Ch. 2,3.

Reading Assignment: KB1l1l-B Processor Manual Sec. V Ch. 2,3.

DIGITAL EQUIPMENT CORPORATION
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Day 14
XXXXV. MJ1ll Core Memory
A. 3 Wire Memory Operation
B. MJ1l Operations
1. Read
2. Write
3. Exchange
C. MJ11l Configuration
1. Block Diagram
2. Memory Controller
3. Internal Bus
4. Stack Module Set
D. Main Memory Bus
1. Description
2. Bus Protocol
E. Memory Timing Control Signals
XXXXVI.. Troubleshooting Laboratory
References: MJll Memory System Maintenance Manual: Ch. 1, 2,
Para. 3.1 to 3.5.

Reading Assignment: MJll Memory System Maintenance Manual: Ch, 1,
Para. 3.1 to 3.5.

DIGITAL EQUIPMENT CORPORATION
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DAY 15
XXXXVII. MJ1ll Stack Module Set
A. Organization
B. Logic Operation
C. Example

XXXXVIII. Troubleshooting Laboratory

References: MJll Memory System Maintenance Manual: Ch. 4.

Reading Assignment: MJll Memory System Maintenance Manual: Ch. 4,

DIGITAL EQUIPMENT CORPORATION
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PDP-11/70 MJ11 MEMORY OPTIONS
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Minimum Configuration

CPU Cabinet with CPU
1 Memory Cabinet
1 Memory Box with

Controller and Transceiver

64K words

3rd Expansion 4th Expansion
Box Box
2nd Expansion 5th Expansion
Box Box
1st Expansion 6th Expansion
Box Box
Basic 7th Expansion
Memory Box .
Maximum Configuration
CPU Cabinet with CPU
2M Cabi
8 Memory Boxes with Controller
and Transceiver in each box
1024K words

TR-0918



16-BIT WORD 8-BIT BYTE

ns BYTE 08 07 BYTE 00" ‘07 00"
00 000 001 HIGH Low 00 000 000 woRD { Low 00 000 000
00 000 003 HIGH Low 00 000 002 HIGH 00 000 001
00 000 005 HIGH Low 00 000 004 "ot { LOW 00 000 002
HIGH 00 000 003
{ Low 00 000 004

. or
'\__.—\_/ ?
00 777 773 HIGH Low 00 777 772 { HIGH 00 777 775
00 777 775 HIGH Low 00 777 774 { LoW 00 777 776
00 777 777 HIGH Low 00 777 776 HIGH 00 777 777
WORD ORGANIZATION BYTE ORGANIZATION
1-3198

Figure 1-5

Word and Byte Addresses



BLOCK

1-5

WORD 1 WORD 0
r - ' - N\
BYTE 3 BYTE 2 BYTE 1 BYTE O
00 000 003 00 000 002 00 000 001 00 000 000
00 000 007 00000 006 00 000 005 00 000 004
gt BN s SBSS, e S
00777 767 00777 766 00 777 765 00777 764
00777 773 00 777 772 00777 00 777 770
00777 777 00 777 774 00 777 775 00 777 774
Figure 1-6 Main Memory Addresses

00 000 000
00 000004
00 000 010

00 777 760
00777 764
00777 770
00777 774

11-4000



PDP-11/70 SYSTEM ADDRESS

17 777 776

17 000 000

Unibus

16777 776

10 000 000
07 777 776

- 00377776

00 000 000

Non Existent
Memory

Maximum 1M

Core Memory

Minimum 64K

-
~~
- -
— -
-y

17777 176
' I/O Page
4K
17 760 D00
17 757 776
Unibus Map
124K
\
\l 17 000 900
System Registers
17777 776  Processor Status
17777 774  Stack Limit
17777772 Program Interrupt Request
17777770  Microprogram Break
17777766 CPU Error
17777764 System ID
17777762  System Size Hi
17777760 System Size Lo
17777752  Hit/Miss
17777750 Maintenance
17777746 Control
17777 744 Memory System Error
17777 742  High Error Address
17777740 Low Error Address

TR-0922




cPy UNIBUS

A
MEM. MGT. | 18 ADDRESS BITS I}a. ADDRESS

22 UNIBUS
ADDRESS
BITS MAP

22 ADDRESS BITS

CACHE

22
ADDRESS
BITS

MAIN
MEMORY

11-4001

Figure 1-7 Address Paths



FLOW
—_——-

777777 7777777
4K
17760000
17757777
UNIBUS
(18 BITS) 124K
000000 17000000
177777
160000
VIRTUAL 00157777
(6 8ITS) 28K
000000 e 00000000
INCOMING PHYSICAL
ADDRESS ADDRESS SPACE
(22 BITS)
———— =RELOCATION
— ~—~— :NO ADDRESS
RELOCATION
Figure 1-9

16-Bit Mapping

17777777
PERIPHERAL PAGE

17600000

16777777

AN
00757777

96K

“loosi777

28K

00000000

ADDRESS
LOCATIONS
{MAX. AVAILABLE
HEMORY  1024K}

1920K

it-3196



FLOW
777777 | T T T T T T o 7777777 |T T T T T T T 7777777
4K PERIPHERAL PAGE
770000 | _ 17600000
17757777
UNIBUS AN
(18 BITS) 124K \
000000 17000000 \\
Tt UNIBUS 16777777 -
MAP\
\
\
AN
\
R, N
Q0757777 00757777 1920K
177777 124K 124K
VIRTUAL | e MM
(16BITS) GM
000000 00000000 . 00000000 _J__
INCOMING PHYSICAL ADDRESS
ADDRESS ADDRESS SPACE LOCATIONS
(22 BITS) (MAX. AVAILABLE
MEMORY 1024K)
~———— :RELOCATION
- ——— > :NO ADDRESS
RELOCATION
n-3197

Figure 1-10 18-Bit Mapping



FLOW
—_———

777777 2777777
4K
17760000
17757777
UNIBUS
(18 BiTs) 124K
000000 17000000
16777777
1920K
ADDRESS
77777 MEM
MGMT
000000 »l00000000 |
INCOMING PHYSICAL
ADDRESS ADDRESS SPACE
{22 8173
—————+ «RELOCATION
————— *NO ADORESS
RELOCATION
Figure 1-11  22-Bit Mapping

1-10

17227777
PERIPHERAL PAGE

17600000

16777777

00757777

124K

00000000
ADDRESS
LOCATIONS
(MAX.AVAILABLE
MEMORY 1024K)

-3198



11-1

pca(T2)[51]

O NO CLOCK
1 LOAD

PCB{T2)(50-49]

0 NO CLOCK 2 SF7:LOAD
1 LOAD 3 DF7:LOAD

SHF (T2) [48-47]
O SWAP BYTES
1 PC
2 NO SHIFT
3 RIGHT SHIFT
ALU(TY [17-15]
P 1 -4 T14) [45-44
0 NOT A Abé;’ 4)6([‘43 1 s PWE (T14) [: ]
le 9 g g; 4 SEv1 3541 O DONT waiTe
3 APLUS B 25 6 0 0 1 CONDITIONAL
ALY g :o;ut’;;se:: § Ror weo 3 6 6 NOT USED
APF, DAPH
© ) R € AMiNUS B SRX (T2) [61-60] DRX (T2) {59-58]
Msuucm( O SHFR O SHFR
Y 2 SErsurm, SRMX DRMX 2 OFT-SHFR.-DF 76D
8MX (T1) [21-20) AMX (T1)[23-22] -SF7.65 (BRAD.E FH) (GRADE.FH) 3 CLROR BAX (T1C38-373
O KOMX BMX "I l AMX o DR 3 NOT USED {} ORK (T2) (56 -55, SHC (T1) [34-33) 0 DR
1 KIMX (DAPBC.O} {DAPB,C,D} P SRK(T2) [57] 0 NO CLOCK sC O NO COUNT 1 PCB
2 SR VAN 752 2 SR 0 NO CLOCK SR DR 1 SHIET RIGHT | (GRAY) 1 COUNT 2 SR
3 BR K o 0 3 BR 1 LOAD {GRAD F, H) (GRAD,E.FH) 2 SHIFT LEFT § LOAD DR<50> 3 FP EALU (MAINT)
1 R R R g R J I I l 3 L0AD R LOAOWB UNIBUS
'K‘ ADDRESS
1171 T k[ | 8 N
> ~ VIRTUAL MEMORY _] ‘
] [] ] l l, X oM T _
e} > ADDRESS |
04PB (SARSSR.
FROM FPP EALU co) ggg:gss
SHFR CACHE DATA FROM
CACHE MEMIRY
A TO/FROM
pSTCON BUS BUFFER <: > INIBUS: e,
INT DATA BUS REGISTER ZA CACHE 8 UN'BUS
BRX (T2) (62) (PDRY) (T3 SHFR ¥ MAP REGISTERS'
0 SHFR o .
FROM FPP UADR/
1 BUS(DETERMINED CPU UADR — 2L ‘l}‘
BY ADDRESS) 5P SATA _GTS
KTMX tE > TO CONSOLE DATA _.Gw
(DAPE) %
BRK (T2) [63] IRK(T2){a6] 1
a 0 NO CLOCK| AF RO NOCLOCK
R 1 LoAD lPDRB) ([RCA] (RACJ) 104D (PDRF)
BR DATA TC
>‘ TACHE
}BR }BR 1 BR MEMORY
KMX (T1) [19-18] qu I St
KOMX KIMX (pma) (xnoomo PDRD) (POR
01 START VECTOR
12 TRAP VECTOR 18S (T1) [36-35]
2 SOURCE CONST. SOB 8 MARK OFFSET O NO COMMAND o
T. . BXX OFFSET 1 READ SW
3 DEST. CONST. 2 Neh he "
3 READ PS :
BN
~
< (PDRE)
ﬁ {}BR ﬂ 268
DATA DATA TO MEMORY W
FROM FPP  MGMT. REGISTER, DATA FROM MEMONV MGMT

AND FPP DATA SWITCH,CPU ERROR,

SYSTEM SIZE & IO REGISTERS

Figqure 2-1 Block Diagram Data Paths




PROCESSOR CONTROL REGISTERS /  ADDRESSES
[ e d LI
L p— a0 (TMCD) 17 777 766
Rt — =T ]|

Figure 3-1 CPU Error Register

hd ;] 7 ] 4

o7 Gl I S 6 RN i B (PDRD) 17 777 772

Figure 3-2 Program Interrupt Register

[ b Wj (PDRC) 17 777 774

Figure 3-3 Stack Limit Register

15 4 3 2 _n 10 [] 7 ] 4 3 2 1 0

I NOT USED PRIORITY l 1 I NIZ [ v C—I (IRCH,PDRD)

1 -30%8

iﬁﬁﬁﬁE:i—*J 17 777 776
SET{0,1)

Figure 3-4 Processor Status Word

120 19 1% U7 bu 16 04 48 a0 ¥ 8§ 7 b
[ e

A

DETERMINED BY SWITCNIS—""

Lower Size Register (SCCN) 17 777 760

1
l I I Il i 1 A I 1 [ A L A ry I l
e J
v
PETERMINED BY SWITCHES —_—

System ID Register (SCCN) 17 777 764

1=12



€T-1

CONDITION CODE LOAD
CCL (T2) [34-52)

NO CHMG!
DEPENKDIT

WIICLR mou or)
BR (CC
LOAD FROM FBP TF

9‘5&5
st g st

V o Voug +SHFRIS ¥ AMKIS))
FROM VARIOUS CCLDSINC, & V UNAFFECTED; o~ % SHER=OF
ccLor
DATA PATHS CLDTEZN, 8 V UNAFFECTED; C o ALLI CARRY)

N® GswNn-O

8
CONDITION
CODES

CONDITION CODE
GENERATOR

(GRAS, IRCE, F

FROM IR FROM AFIR ___l
RAR
IR DECODE e |—= 10 MEMORY MGMT.
(IRCB, C,D)| RA
(RACO)
ROM RBR
~
. : (RACA,
] "] ROM <63:60> (RACA) Raca.
1 I L] RACC)
ROM <59'56> (RACA)
SUBSIDIARY 2 |
SuBsA —_nJFORK C :: FORK 8 FORK A —j [e{ ROM <55:52> (RACA) cLx :ccr.}—
(IRCH) (IRCC) \IRca) (Race.F.H) ROM <51:48> (RACA)
: 3 RARB | [+ :
;.‘A S| FT*(rRacat] GENERAL
[ RACC)| of ROM <47:44> (RACB) v R ewe REGISTER| 7o
CONOITION ALU 3 I cLK | [+] CONTROL |- GENERAL
CODE SUBS IDIARY e N [-e{ ROM <43:40> (RACB) = PAD (GRAC) REGISTERS
SUBSIDIARY ROM s 6 [~ eso
ROM s o ROM <39:36> (RACB)
(IRCH) (GRAA) BRANCH ENABLE (RaCL)
_ LeJrOM <3532> (RACB)
BgF [11 -8f UADRS [+40] uADR4 [+20] BRANCH [ scT
0 — —_ (RACK) ADR [FEN > ROM <31'28> (RACC) T = sl 1]
' DESTINATION MODE 3,5, 7 SR cax |
2 |gonpiTion cooe Z PURFLINTR) BEN o] RoM <27 24> (RACC) E asc
4 |-pIv sue CONDITION CODE N ! .
3 |-gaptoo eviE pesTnationt] “p1v aurt 1 T 73 ["RoM<2320> (Racc i
H BRI4 L
7 |REGISTER DEPOSIT -[sao--(noous)] RARA | [ofROM <19:16> (RacC) L
FORK ENABLE 10 [meeee SN ~IFP REO* FP SYNC) —T"Jtracc ‘Lu}" o
FENLCI4-123 1 oRO () RACD)| [»|ROM<1s:12>  (RACDI= CTRL T0 ALU
0 NO FORK 12 NE (CONSOLE FLAG) ~BRQ — {GRAA)
1 FORK A 13 |eRtosrerh PF(O)* (SF+ —TF) Lol oM <11:08> (RACOI = B
2 FORK B e p— ; N 1 -
4 FORK C 15 —-FJ/CLASS ~0/CLASS "
16 [DRO(N SR15 (1) l+{rOM <07:04> (RaCD) _
17 [RIP+FP SYNC FP SYNCSFP REG WR 2ap I powpme——
N ;
(BEF=5)% 08D+ CONDITIONAL FORK B 200
(BEF+14)sCONSOLE BRANCHES
MICRO ADDRESS FIELD (BEF~14)x CONDITIONAL FORK C
vAD [07-00] ( BEF =15)% FJ/CLASS = CONDITIONAL FORK B)
TO ADDRESS GATING
TRAPS AND
FROM CONSOLE —__— N UNIBUS AND - _'::) ANEOUS
CONSOLE MisceLLA TIMING R L+ 10 aLL MODULES
CONTROL (PRIORITY ARBITRATOR)
MISCELLANEOUS BUS DELAY (UBE) (TMC) (T16)
wsC (T1) [29-27] BSD (T1) [40-39] ﬂ
0 NO EFFECT 0 NO_PAUSE
1 1, INTR PAUSE . FROM
2 NOT USED 2V gus PausE MEMORY MGMT.
3 SET CONF IF KERNEL MODE 3 T0/FROM & UNIBUS 12618
3 SPL (SET PRIORITY LEVEL) losERom FPP, MEMORY MGMT. . .
S CONDITIONAL BUST DATA BUS :
¢ BRQ STROBE CONTROL B Bu
7 BUST (BUS START) SIGNALS
<
BUS CONDITION BUS CONTROL
83C (T1) [26-24) 8CT (T1) [32-30]}
O DATI 0 NO EFFECT
1 SRC1 DAT.  READ FPP DATA
7 KERNEL OATI 2 CONSOLE ACKNOWLEDGE
SAC2 DA LE AGS
4 FC (CONTROLLED BY FPPI 4 INIT IF KERNEL MODE Figure 1-1 BLOCK DIAGRAM
3 0ATO 3 STACK MEFERENCE
s ws0P! € ACKNOWLEDGE
7 ssor2 T BEND (8US END)



TIGA T1 () H I l
TIGA T2A (1) H I I

TIGA T3 (DH

1
1
-

TIGA T4 (1} H

1

TIGE T8I L | i [T | f
|

TIGE TS2 L. ——_1L___J——L_
mee TssL - 1| T 1

TIGE TS4 L

i
[}
TIGE TSS L | H I I
1
e FLFALALA_FLFLAF

1- 3120

TIGA TSA (1) H .l

-;lj

|

Figure 4-6 Time States



START-UP |~—~0RMAL CYCLE —-—i-——nm D PAUSE CYCLE —ul
TIGC TPB L ﬂ[‘]ﬂ[‘]ﬂﬂnnﬂnﬂ'nﬂﬂﬂ[‘]nnﬂﬂﬂ
| 1 | t | |

! |

TI6:D T H M

TIGA PSEUDO T3

- [ L
F*Tumaus OR INTR PAUSE CYCLE ————]
TIGA T1 (W L

—t?

I [ ro
TIGA T1 (1) H M 1 | L [
i i ] T I -
TIGA T2 (1) H N I I I T b
t [ I T

TIGA SB (W H 77} ' 1 : J : LI L : l : : :
TIGA S1(NH 227 ! Nl l ' ’—_|__"._.L : : !
| ! 1
TIGA T3 (1) H : M : : [ I T : '
. I |
TIGA T4 (1) H L | I : S : Lo
~ROM INIT ! | | | Loy
TIGATS (1)K J I I I ! L : !
1 | |
| AR,
| ! |l
] ! | |

|

|

]

|

]

1 I |

| . ' W L | |

TIGA T2 (1) H [ ' T L

I ! | P
NOT USED [TIGA S@ (1) H _| | I { L
FOR INTR = | ! T f L
PAUSE meastm [T L, b | L
] — ' —

. | | 1

|

UBCB TIG RESTART H | ! N '_.:__L__r__‘
- : — | |
UNIBUS OR TIGA 1ST SYNGC F/F "1 f . m
INTR PAUSE N | o L , | '
TIGA 2ND SYNC F/7F ' | 22 — | [__._.,I
' I | i |
TIGAT3 O H_ | | s
! ! N | | | LI
TIGAT4 ()H_| I o '__‘_;_i
| I ) | | |
TIGATS (N H_| | S
T ' T — -
riecio T M LR AL
' - L ik
TIGA PSEUDO T3 ! * — ‘ !
= e — | |}
CACHE PAUSE cYCLE—r—-l |
TIGATI () H ‘J'—l - L M | .
N P T =
MeAT2 MH I [ N Do ‘
il N | | ]
TIGAT3 (1H_| 1 N Uy — .
i N i ]
TIGAT4 () H_ | — b
- L ™
|

TIGA MEM SYNC (@) H®

E_

i

*FLIP-FLOP # 2°

*FLIP-FLOP #1

TIGA CLK BR H,

B

TIGC:D TX H

*NOTE: L n-3121
Refer to figure 4-8

i
§

Figure 4-7 Timing Generator & Pauses

1-15



Table 4-1

Ring Counter Stop and Pause Conditions

STOP IN T2
Internal Bus Pause Stop: SAPN NOT CACHE ADRS H
TIGA PAUSE H (UBSD =2 or 3)
TIGA SO (0) Hor TIGA S1 (O)H
Restart: S0 and S1 count to 3 (90 ns).
Unibus Pause CPU Control Registers Stop: Same as Internal Bus Pause
Restart: Same as Internal Bus AND
UBCB TIG RESTART H
(BUS SSYN)
Interrupt Pause Stop: UBSD = 1 (INTR Pause)
UBCD EXT BRQH
Restart: UBCB TIG RESTART H
(Passive Release or BUS INTR)
Single ROM Cycle Stop: TIGE ROM+UPB (1) H
Restart: CONTINUE or MAINTENANCE
(XMAA S4) switches
STOP IN TS
Cache Pause Stop: TMCF CACHE ADRS H
TIGA PAUSE H (UBSD =2 or 3)
No Aborts (not TMCC ABORT H)
Restart: TIGA MEMSYNC (1) H
Single Bus Cycle Stop: TIGE SINGLECY L
TIGA PAUSE H
- Restart: CONTINUE or MAINTENANCE
(XMAA S4) switches




I-¢

MICROPROGRAM WORD FIELDS

32 31 3029 28 27 26 2524 23 2221 2019 18 17 16 15 14 {3

1211 10 9 87 6 54 3 2 1
1 | 1
BCT MSC BSC | AMX| BMX |KMX | ALU FEN BEN UAD
! | ]
BUS BUS B MUX ALU BRANCH .
CONTROL CONDITIONS CONTROL ENABLE
MISCELLANEOUS A MUX CONSTANT FORK MICROPROGRAM
CONTROL MUX ENABLE ADDRESS
63 62 61 6059 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
BB S P |
RIR| SRX |DRX [R] DRX| ccL |c|PcB| sHF| R{ PwE| PaD BSD | BAX | I1BS | SHC
K [X K A K
BUS DEST DEST PCA SHIFTER PAD BUS INTERNAL
REG REG REG CLOCK | CONTROL| WRITE DELAY -~ BUS
MUX MUX | crLock ENABLE
BUS SRC SRC CONDITION PCB INSTRUCTION SCRATCH BUS SHIFT
REG REG REG CODE LOAD CLOCK REG CLOCK PAD ADDRESS COUNTER
CLOCK MuX CLOCK

ADDRESS MUX




fe FIRST ROM CYCLE ole SECOND ROM CYLE ——
T6 T6
T le T3 T4 5 T|1 1'|z T3 T4
T H I l | I
1 | |
T2H ! . ] ]
N , Lo
R 1 I o 1
L
! | [ | [ | :
ADDRESS |
:.—} GVENER‘T‘ON——-&-———l ROM ACCESS 'nME——-ll | : |
I ] | | | | | |
i 1 ! I | [ I !
[ I | | f I | |
| —
1 f T ROM OUTPUT T
BITS BITS RAR CLOCKED INTO RAR
15:40 46:63 CLOCKED BUFFER (ROR) CLOCKED
BITS 41:45
ROM OUTPUT

CLOCKED INTO
BUFFER (RBR)

11-3103

Figure 1-4 ROM Timing



Connector from (A-Fokk )-

4 Condition for entry
another page BIN®5me 7/_2""— into flows that follow

Name of '_1 Address of
Cycle /

ROM cycle

X, BM-PCB; ECe-LRTT

Ly SHIR e +2

EnBUS PAYSE

b L& BUS
=SA7 ' SR&GSLSFI
SF7: SR& SWHFL

~ &F 7 DRe=GOL OF 27

OF7: DRe SHFR Address of

Cc B next ROM

[-¥A
00 WOEXTNG ; FTX UP PC 7O cycle
POINT BEYOND INDEX WOR.

KBREPCE >

Co SHrR. & SRYER

C SKeSHPR
VoL a4

Cr8/)
¥4 )
FETCH SBC; MO SL CHECK Description of Cycle operations

Clock time
at which

operations
are executed 562 a@ l 5’4;

SHFEG-A'-‘J> Operations executed during Cycle

;8Ce-sk
z’ fs’;?if-’:r;; & o8 Connector to

t) 8¢ me: ’ another page: may
T g’é._ a0 be to Fork or Branch
(Fenedaen/#c317) -smasy

Fork
Enable:

4 =C Fork
2 =B Fork
1=A Fork

c-Fak
+

3)%)
ADORS 70 SR CINDIRECT) Page number (i.e., Flow 4)
t, <BRELC8>

Ly SHFRe B
ty SReSHER

= 7 23] Condition for

S/3 /4, Branch

FETCH SRC OFERAND 5 NO
SL CHECK

¢ Ao Geeaec > [ BEN14: Branch
S ; BC 2 LRT.

< SHFREACE> Enable #14,
by BYST;GRLDI (317): Base address

rec) of next Cycl:
S13.49 (ree) final address
GET SRC OPERLAND depends on

¢, BRe-S&; 8CesRc OPTL L conditions
b <SHreEFCE>
Zs BRQ STROBE
£ BUS PAUSE
o BR&SUS

11-3138

Figure 1-3  Flow Chart Symbols (P/O Flows 2)
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PDP11/70 DIAGNOSTICS

Each diagnostic test assumes successful completion of preceeding tests.

Diagnostics should be runin the following sequence, otherwise errors will
not be detected or error messages will be misleading.

MD-11-DEKBH-A
MD-11-DEKBA-A
MD-11-DEKBB-A
MD-11-DEKBC-A
MD-11-DEKBD-A
MD-11-DEKBE-A
MD-11-DEKBF-A
MD-11-DEKBG-A
MD-11-DEMJA-A
MD-11-DEQKC~A

MD-11-DERHA-~-A
MD-11-DZTUA-A
thru DZTUF-A
MD-11-DERSA-A
thru DERSD-A
MD-11-DERPK-A
thru DERPN-A
and DERPS-A
thru DERPV-A

Diagnostic ROM (M9301-YC)
CPU - Part 1
CPU - Part 2

~ Cache - Part 1

Cache - Part 2
Memory Management
Unibus Map

Power Fail

Main Memory

Test T15

RH~-70 Massbus Control
TUl6
RS@3/RSP4

RP@4

PDP11/70 Diagnostics are stored on two disks MAINDEC 11-DZZA-A-HB

MAINDEC 11-DZZB-A-HB

MD-11-DEKBI-A is a paper tape diagnostic to check the M9301-YC.

DIGITAL EQUIPMENT CORPORATION



BUST

DATI-DAT!P—DATOI | | | l | I

VIRTUAL ADDRESS

PHYSICAL ADDRESS

SAPN NOT CACHE ADRS H

SAPN UNIBUS ADRS H

T2 T2 T2
+ o+
TT T2 T3 T4 T5 Tt T2 30 60

PAUSE

+
20

l

T3 T4 T5 Ti

T2

t e |
-

/

A,

/

Ve

TIGA PSEUDO T3 H

CP BUSY CLOCK H

|

SEE NOTE # |

2 o

o

UBCA CP BUSY H

UBCA START BUS (1) H

Ay

WX

SEE NOTE #3& 150NS ADRS :

UBCA MSYN (1) H

DESKEW I \

N

1
]
!
]
|
!
|
|
|
]
|
|
|
]
|
|
|
!
1
|
]
|
|
I
1
i

SEE
NOTE #2

i

BUS SSYN H

7

I

TIGC T3 H

L

1

SEE NOTE #4

TIGA BR CLK H

NOTES:

N SEE NOTE #5— |

Set CP BUSY if ~(NPR + NPG + SACK
+DSACK + ABORT + BBUSY).

CP BUSY is not cleared if DATIP cycle.
It is cleared on DATO portion of DATIP/
DATO.

Used to start DATO address deskew on
DATIP/DATO operation.

75 ns data deskew is obtained by 2 stage
synchronizer on TIGA. . Unibus data is
loaded into PDRH buffer register at T3.

Address & control are deskewed from
T3 to T1. PDRH buffer register loaded
to BR at T1.

Figure 5-2 Unibus Data Transfers

11-3124
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# OF INTERATIONS

T SHIFT
SRIS RIGHT S
SXT | 15 sc
—
\ SHFR
| , =
| r r TO BR REG = L SC=0
¢ ALU BIT 0—»
0= BR-* SHFR
ALY ; A =BR+SR SHFR
f 15 | — ﬁio
T__. SR ——.I DR E
MULTIPLIER MULTIPLICAND
BR LOW ORDER
- PRODUCT
I HIGH ORDER PRODUCT

MULTIPLY DATA PATH



POSITIVE MULTIPLICAND, POSITIVE MULTIPLIER

MUL %0, 2 RO = 005
R2 = 003 -
N
I
9
NEXT
UADR UADR sC SR ALU SHFR BR DR
7 100 000 011 0 0 0 00 000 101
MUL.10 MUL. 20 6 | 00 000 011 0 0 0] 00 000 010
MUL. 20 MUL. 30 5100 000 Ol1| 00 000 011 | OO 000 001 | OO 000 001 | 10 000 001
MUL. 30 MUL. 20 41 00 000 011] 00 000 001 OO 000 000| OO OO0 000 11 000 00O
MUL.20 | MUL.30 3100 000 O11| 00 000 Ol1| OO 00O 001| OO Q00 001 11 100 000
MUL. 30 MUL. 30 2 | O0 000 O11] OO OO0 OOI | O0 OOC OO0 | OO 000 OCO | 11 110 000
MUL. 30 MUL. 30 1100 000 011 00 000 OO0 | 0O 000 000! OO0 000 00O O1 111 Q00
MUL. 30 MUL. 30 0[00 000 011 0¢&——— 0| O¢E—0| O&—0] 00 111 100
MUL. 30 MUL. 40 -]00 000011 0 «e¥——0f 0 &——0| 0 &——0] 00 011 110
MUL. 40 MUL.60 - {00000 0ll] 0 «——0[ 0 €«——0] 0&——0] 00 001 111 | STORE BR—>R
MUL.60 FET. - 100 000 O11f 00 001 111 | 00 001 111| O &———0| 00 001 111 | STORE DR—>Rv1




€-9

NEGATIVE MULTIPLICANDl NEGATIVE MULTIPLIER

MUL %O; 2
R2 = 375 (-3) -3
RO = 376 (-2) -2
+6
NEXT

UADR UADR SC SR ALU SHFR BR - DR

717 11 1I1 101 11 111 110
MUL.10 MUL. 30 6| 11 111 101 0 0 0 01 111 111
MUL. 30 MUL. 20 51 11 111 101 0 0 0 00 111 111
MUL. 20 MUL. 20 4111 111 10l |11 111 101] 11 111 110 11 111 110 10 011 111
MUL. 20 MUL. 20 3] 11 111 101 {11 111 Ol11] 11 111 101 11 111 101[ 11 001 111
MUL. 20 MUL. 20 2| 11 111 101 jIL 111 OIO|T IT I1I1I 1011 O I11 101} O1 100 111
MUL.20 MUL.Z0 1T II IIT I0L T TTIT 010 IT " TIT I0I | IT 11T TO0I | 00 110 ¢11
MUL. 20 MUL. 20 O] 11 11T 101 |I1 111 010 ITI II1I 101 1T 111 101100 011 ool
MUL. 20 MUL. 50 -] 11 111 101 |11 111 010 11 111 1017 11 111 101 | OO 0Ol 100
MUL. 50 MUL.60 - |11 111 101 | 00 000 000 | 00 OO0 000 | OO 00O 000 | OO 000 110 |STORE BR
MUL.60 FET.00 - 11 111 101 [ 00 OO0 110] OO 000 110 | OO 00O 00O | 00 000 110 ISTORE DR




DIVISOR

MEEL
15 )
Cout
‘1 CLASS Ble—
ALU je—ALU CONTROL  (A-B) v (A+B) v (A+A+DRI5)
Ale-
15 o '15 O Lsw DIvVIDEND
MSw BR < —— DR -
LEFT# ¢ |y DIVIDEND (] # OF ITERATIONS
DATA . <«DR 15 SC
: ' SC=9
TO BR REG »
JF TO DR BIT @
LEFT NOTES
SAVE F/F TO ALU CONTROL At completion of divide
)e >'—’ | BR= Remainder
l SIGNS = (A-B SR= Unchanged
TI c ol SRS SIGNS= A +B

DIVIDE BLOCK DIAGRAM



DIV. R2, Rl

ICLASS
DAC
BSOPI

20@@/DIV R2,R1

FET. g¢

tl

t2
t3

t6

BA <—— PCB
BC <—— DATI
SHFR€— SR-SR
BUST -

CLEAR FLAGS
IR «<—— SHFR

=BRQ

FET.18

tl

t2
t3

t5
t6

tl

t2
t3
t5
t6

BA <——PCB
BC ~¢—— DATI
«SHFR<—PCB+2)

BRQ STROBE
BUS PAUSE

PCA €«—PCB+2
IR€——BUS

BR €—— BUS
'PCB€— PCA
1RD.gg@

BA €&—— PCB

BC%—— DATI

SHFR<— PCB

CONDITIONAL BUST

PCA €— PCB+2

-SF7: SR %— GS (SF)
SR %«—— R2

-DF: DR €«— GD (DF)
DR €— R1

DIV * DM@

Dvs. gg

-2 =7

SR I BR,DR

R1 = 76
R2 = 77
R3 = 71
BA = 2000
BCZ & BCl = @
SHFR = gg

START BUS CYCLE
TMCC~CLRS E41&E37 F/F's

IR = 98

BA = 2000

BC# & BClL = ¢
SHFR = 2002

PCA = 2002

IR = DIV R2, Rl
BR = DIV R2, Rl
PCB = 2002

BA = 2002

BC# & BCl = #
SHFR = 2002
START BUS CYCLE
PCA = 2004

SR = 77

DR = 76



tl {BA&— PCB>
t2 SHFR¢—DR
t3 BEND

t6 BR €——SHFR

DIV.gg
tl BA €<—DR.
BC «<—BSOPI
t2 SHFR<—BR
t6 SR €——SHFR
.DR €— GD(SF)
DR <— R2
CCLD4
N=1, Z=#, V&C=§

. DIV.1@

tl (BA «— SR>
t2 SHFR<— DR
t6 CCLD4

N=1, Z=g, V&C=g

-2

DIV.2f

tl <BA<— DR>
t2 (SHFR<«- SR>

N

DVN.gg

tl <BA &— DR>

t2 <SHFR<— SR>

t3 CLEAR DR

t6 SR€&— GS(SFV1)
SR&— R3

DVN.18

tl <BA €— DR>
t2 SHFR«—DR-SR

BA = 2002
SHFR = 76
BUS CYCLE
BR = 76
BA = 76
BC = DATI
SHFR = 76
SR = 76
DR = 77
BA = 76
SHFR = 76
BA = 77
SHFR = 76
BA = 77
SHFR = 76
DR = @@
SR = 71
BA = g¢
DR =
SRZ =
SHFR =

END

DIVISOR

DIVISOR

HI ORDE

000000

- 000111
000111

R DIVIDEND



t5 GR(SFV1)<€— SHFR
R3 €«—— SHFR

DVN. 20

tl <BA¢—-— DR>
t2 SHFR<—DR-SR

t6 DR <€ LEFT (DR)
DVN. 38

tl <BA &-— DR>
t}2 SHFR€— DR~-1

t6 SR<€—— GS(SF)
SR €—— R2
DR «€—— SHFR

DVN.4g

tl <BA €<—DR>
t2 SHFR<— DR-SR

t5 GR(SF)<— SHFR
R2 €—— SHFR

t6 DR €——— SHFR
CCLD4

=g, Z=1, V&C =0

DVN.59

tl <BA €——DR>
t2 SHFR€—BR-
t6 SR €—— SHFR

-N

tl <{BA€——DR>
t2 SHFR€—DR
t6 BR<—— SHFR

000000
000111
0001711

000000
111111
“TITII1 COuUTl5 = @

HI ORDER DIVIDEND

111111
= 000001
000000

SHFR = 76 DIVISOR

R3 = §7
BA = g¢
DR
SR?
SHFR
DR = gp
BA = gg
DR
-1
SHFR
SR = 77
DR = 77
BA = 77
DR
sr?
SHFR
R2 = gp
DR = gg
BA = gg
SR = 76
BA = gg
SHFR =
BR = gp



DVN. 78 (9)
tl <BA<—— DR>
t2 SHFR<—DR
t3 SC€— @5
t6 DR <— GD(SFV1)

DR €—R3

CCLD4

N=1, 2=¢g, V&C=g

DIV.38

tl <BA «—DR>

t2 SHFR<— ALUS BR+BR+DR15

t6 BR<€—SHFR
CCLD$

N=1, C,V&2=1
SR15 (1)
DIV.50
tl <BA «—DR)
t2 SHFR<— BR+SR

t3 SC<«— SC-1
t6 BR <€— SHFR
DR <— LEFT (DR)
(ALU CARRY INSERTED)
CCLD6
N=g, z=@, C=1 & V=1
DIV.60

tl <BA €——DR>
t2 SHFR<—BR

-DIV QUIT

DIV.78

z=1 A SR15(1)

6-8

BA = g@
SHFR = 77
scC = @5

a7

DR

27
BR
BR
DR15
SHFR

BR=gf§

BA = #7

BR

SR

SHFR
SC=04

BR = 76

DR = 00111

b=
|
o i

LOW ORDER DIVIDEND

000000
000000
S0
000000

000000
111110
TTITI0 cCouTls5 =0

0



tl <BA <&—- DR> ' BA = 16

t2 SHFR€—ALUS$ BR = 111110
BR = 111110
DR1S = 0
SHFR = TIII100
t6 BR «—- SHFR BR = 74
L}
DIV SUB CouTl5 = § SR15(1) FROM DIV.50
]
DIV.8f¢
£l <BA €— DR) © BA = 001110
t2 SHFR&~BR-SR "BR = 111100
SR2 = 000010
SHFR = TTITI0
t3 sC €—SscC-1 sC = g3 COUT15 = @
t6 BR €—— SHFR BR = 76
DR €—- LEFT (DR) DR = 011100
DIV.78
tl <¢BA €—- DR)> BA = 34
t2 SHFR<—ALUS BR = 111110
BR = 111110
DR15 = 0
SHFR = ITITI00
t6 BR<€—- SHFR BR = 74
DIV SUB COUT15=@ A SR15 (1)
DIV.89
tl <{BA &€—- DR) BA = 34
t2 SHFR<—BR-SR BR = 111100
SR2 = 000010
SHFR = TITIIIO0
t3 SC €«——SsC-1 sc = g2 COUT15 = @
t6 BR¥—- SHFR BR = 76
DR €—- LEFT (DR) : DR = 111000
DIV.70
tl <{BA <€—— DR) BA = 70
t2 SHFR<— ALUS BR = 111110
BR = 111110
DR15 = 1
SHFR = TI1101
t6 BR SHFR BR = 75

6-9



DIV SUB COUT15=f§ A SR15 (1)

DIV.8¢
tl <BA <«— DR> BA = 70
t2 SHFRe— BR-SR "BR = 111101
SRZ = 000010
SHFR = TII111 COUT15=g@
t3 SC<€— sc-1 sc=g1
t6 BR<— SHFR BR = 111111
DR <— LEFT (DR) DR = 110000
DIV. 78
tl <BA €«— DR> BA = 110000
t2 SHFR<ALUS BR = 111111
: BR = 111111
DR15 = = 1
SHFR = 111111
t6 BR<— SHFR BR = 77
DIV SUB
DIV. 8§
tl <BA €— DR) BA = 110000
t2 SHFR€— BR-SR "BR = 111111
SRZ = 000010
SHFR = 000001 COUT15=1
t3 SC €— sc-1 sc=gg
t6 BR <— SHFR BR = 000001
DR« LEFT (DR) DR = 100001
DIV.70
tl <BA<— DR> BA = 41
t2 SHFR€—ALUS$ BR = 000001
BR = 000001
DR15 = 1
SHFR = 000011
t6 BR€— SHFR BR = 03
-DIV SUB
DIV. 94
= 41

tl <BA<—DR? BA

6-10



t2 SHFR&— BR+SR BR = 000011
SR = 111110
: SHFR = 000001
t3 SC €——sC-1 sc = 77
t6 BR €—— SHFR BR = 000001 000010
DR ~«—LEFT (DR) DR = 000011
DVC. g9
tl (BA «—DR> BA = 03
t2 SHFR<—BR SHFR = f#1 000010
t5 GR(SFV1€—SHFR
R3 «——— SHFR R3 = g1
|
DRA (1) * SR15 (1)
}
DVC.40
tl <BA <— DR> BA = §3
t2 SHFR&~ -BR SHFR = 111110
t6 BR<€—— SHFR BR = 111110
N
DVC. 60
tl ¢(BA €«——DR) BA = @3
t2 SHFR€—BR+1 "BR = 111110
_____ 1
SHFR = ITITIT
t5 GR(SFV1)<— SHFR
R3€—— SHFR . R3 = 77
Dvc. 78
tl ( BA<— DR> : BA = #3
t2 SHFR<— DR _ SHFR = @3
t3 BRQ STROBE
t5 GR(SF) €&— SHFR
R2 €—— SHFR R2 = @3

t6 CCLD4

N=g, Z=§, V&C=0
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TMCD SL YEL () H

PDRC STACK LIMIT H
= —-TMCD YEL ZONE H

SCCE STACK OVERFLOW H

STACK LIMIT STACK LIMIT
REGISTER REGISTER
=000(000) I *001(000)
W T
000400 | Saek | o000
000376 001378
L YELLOW [P L eMed L YEL (1) |
eVt ZONE A
000340 l_ 001340
- - |
000336 t 001336
RED PDRC STACK LIMIT H #
TN Z0NE Lo ) TMe YEL ZONE H
r ul
000000 001000
177776 000776
L

“ X }PDRC RED ZONE H

000000

177776 SCCE STACK OVERFLOW H

| e
1-326

Figure 6-1 Examples of Stack Limit



BUST PAUSE 7AP.0¢ BRK. 3¢ _FET.00
Ml Wil A iy - | J -

T TETY T

oI T Tt e

ODD ADRS

0DD ADRS

SL RED
KT ABORT
TIMEQUT

TMCC ABORT H

TSTH

‘\j < —t b
TMCC KERNEL R6 (1) H ﬁ I : . 4
TMCC SERF (1) oz e % R l

TMCC BLOCK STROSBE (1) H

UBCB ACKN B H . |
-t s —

TMCC PRIORITY CLR L q

(TMCGC) GLEAR FLAGS L (UBCT=*3 @ T53)

RACA ZAP L /é | o

Figure 6~-3 Stack Error Aborts

11- 3427



Table 6-2
Processor Service in Order of Priority

Order Condition Input Output* Result*
1 console flag UBCF STOP L TMCA CONF (1) H do console control
function
2 cache parity CCBJ PARITY TMCB PART L trap (114)
TRAP H
3 memory management SSRD MEM MGMT | TMCB SEGT L trap (250)
traps TRAPL TMCA HONOR SEGT H
4 warning stack TMCD SL YEL TMCA HONOR SLY H trap (4)
violation
5 power fail UBCE PDNF (1) H TMCA HONOR PWRF L trap (24)
6 floating-point FRHH TMCA HONOR FPTRAP L | trap (224)
exception trap FP EXC TRAP L
CPLEV 7
7 priority interrupt PDRD PIRIS (1) H TMCA HONOR PIR7 L trap (240)
request PIRQ7
8 bus request. level 7 BUS BR7 L TMCA HONOR BR7 L interrupt
interrupt
CP LEV 6
9 priority interrupt PDRD PIR14 (1) H TMCA HONOR PIR6 L trap (240)
request PIRQ6
10 bus request, level 6 BUS BR6 L TMCA HONOR BR6 L interrupt
) interrupt
CPLEVS
11 priority interrupt PDRD PIR13(1)H TMCA HONOR PIRS L trap (240)
request PIRQS
12 bus request. level § BUSBRS L TMCA HONOR BR5 L interrupt
interrupt
CPLEV 4
13 priority interrupt PDRD PIRI2 (1) H TMCA HONOR PIR4 L trap (240)
request PIRQ4
14 bus request, level 4 BUSBR4 L TMCB HONOR BR4 L interrupt
interrupt
CPLEV 3
15 priority interrupt PDRD PIR11 (1) H | TMCB HONOR PIR3 L trap (240)
request PIRQ3
CP LEV 2
16 priority request PDRDPIRIO(1)H | TMCB HONOR PIR2 L trap (240)
PIRQ2
CPLEV |
17 priority request PDRD PIR09 (1) H | TMCB HONOR PIR1 L trap (240)
PIRQI
18 T bit set and not RTT | PDRD PS04 (1) H TMCB HONOR T L trap (14)

and - (IRCD RTT L)

* Only if no higher priority request has been received.
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|-———-—.m'rn PAUSE BRK: 0@ or WAT. 20

Ty -

———ole- BRK. 19 —»|

UBCD FREE CLK H I l I | I I

T3TA4TSTIT2T3 T4 TS

R T T

INPUT TO UBCD BRQ (1) A E;] N\
Ts2

|
T84 —

Loy T |
a L

UBCD BRQ (1) H

A

f |

UBCD ENAB BR H

UBCD CLR BG (N H

|
1
'
]
4
]
[
Il
|
|
|
|

7
/ ™

Tt
UBCD GRANT BR(1} H j e
UBCD PROC BGn H

UBCA PASSIVE

LA
BUS SACK L

SACK F-F (1} H

FLIP~-FLOP SET.

e -t —}— —

I
I
[
|
]
T
|
|
]
T
|
|
[

NPG MAY BE GRANTED
AT THIS TIME.

SRS
v

{

UBCD DSACK (W H

]
-t
L

SV

(uscc) sus ssyn L

UBCC INTR B H*™
UBCB TiG RESTART M

AST TIGA RESYNC F-F"

2ND TIGA RESYNC F~F"

TIGA T3 (W W™

“t—l

* NOT CLOCKED BY UBCD FREE CLK.

*®* ASYNCHRONOUS SIGNALS FROM UNIBUS.

Figure 6-9

VECTOR CLOCKED INTO j VECTOR CLOCKED

PDRJ BUS BUFFER REG (T3)™ INTO BR (T1)

1-313

INTR Sequence

7-4



TIG CLOCK STARTS-1 ZAP og PUP. g¢g - RTLeg
- s USEEY
T4 TS T

L]

=)

BUS ACLO L (UBCE)

BUS DCLO L (UBCE) I
s

UBCE BLOCK DOWN (1) “/Z

UBCE PUPF (l)HVZ )

a -

(RECEIVED FROM UNIBUS QR CACHE)

- 1k P
2
33 [y — N
N ﬁ

3 'Y
3
3

» o2 Doy

-

(UBCE) 7O0ms ONE-SHOT L

~— .
|\
—\

TMCE BRQ STROBE H o | | -
UBCB ABORT ACKN L ) . t{/_ i o -
32 2+ PN 3 1 '”OTE
(UBCE) 2ms ONE-SHOT L \“1~ 2ms

*NOTE: Power-up subroutine executed during this time.
UBCE PDNF (1) H cannot be set

DC power coming up.
1-3133

Figqure 6-11 Power-Up



BRK. 3¢ svC.og  FET.@gg TI6 CLOCK

BRQ STROBE - - - - STOPS
T 5 T4 ™ 5 T4 5 T1
Leeree Attt ..
BUS ACLO L
1 22 Y —
UBCE PDNF (1) H o 0 —
. —

TMCA HONOR PWRF L

UBCB ACKN B H I I

TMCC BLOCK STROBE (1) H . L | o
TMCE CLK CONF H . N . [\
| o - — /F A
TMCC AC CLEAR L o ) | ‘

UBCE PF CLR (1)H

UBCE BLOCK DOWN (1) H . .
(UBCE) 2ms ONE-SHOT ) o Ne— 2ms

(TMCC) CLR FLAGS L

BUS DCLO L (UBCE) (GENERATED BY PROCESSOR)

UBCE PUPF (1} H

(UBCE) INIT L (all)

*NOTE: Power-Down subroutine execuled during this time.

11-3132

Figure 6-10 Power-Down
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ADDRESS FIELD

Figure 2-1

INDICATES A SET OF

U L S
WORD BYTE
e —
"WORD" FIELD
INDICATES WORD
AND/OR
BYTE WITHIN
A BLOCK

1"-2838

INDEX FIELD
BLOCKS

22-Bit Byte Address Breakdown (2

Words per Block, 256 Sets of Blocks)

728BITS
36 BITS 36BITS ———
l——18 B|Ts——+—|8 BITS —tn
ADDRESS BIT 1
{WORD FIELD) \—:_ EACH 1881T WORD
CONSISTS OF
GROUP O GROUP 1 16 DATA BITS PLUS
I I 1 2 PARITY BITS.
BLOCK/SET EVEN ooo EVEN °®
000 SET
b BLOCK BLOCK
WORD WORD
| | !
' | ! :
' [} | [}
256 X ' | !
ADDRESS BITS (9:2) | INDEX ‘ i " '
(INDEX FIELD) POSITIONS ! | | :
I
1 | ! !
] - ) | i
] [} ] ]
| 1 t I
! ! | !
' | | !
] 1 | :
1
. ! ! :
7
3774
DATA OUT DATA OUT
(FOR REFERENCE)
MUX

HIT ON GROUP O
HIT ON GROUP 1

11-2839

Figure 2-2 Fast Data Memory Organization



30 BITS

15 BT —————9

{——PARITY

15 BITS
1BIT —& 12BITS ~i le— 2 BITS
PARITY VALID BIT
VALID BIT
ﬂ ADDRESS FIELD ADDRESS FIELD

000 ADDORESS TAG FIELD

256

ADDRESS BITS (9:2) _] INDEX

(INDEX FIELD) POSITIONS

377

ADDRESS BITS (21:10)
(ADDRESS FIELD)

PARITY

CHECK

A = 8
COMPARATOR
A8

PAF
oK

MATCH O

HIT O

Figure 2-3 Address Memory Organization

PARITY
CHECK
PAR
A =+ B
COMPARATOR oK
A:8
MATCH 1
HITY
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TAG O " TAG

ADDRESS MEMORY ADDRESS MEMORY
VALID BIT PARITY VALID BIT PARITY
ADDRESS FIELD ADDRESS FIELD |
000 ADDRESS TAG FIELD
ADDRESS BITS (9:2) 1 |
{INDEX FIELD) 256 | |
INDEX I |
POSITIONS | i
| |
| ]
I ]
| |
377
ADDRESS BITS (21:10) L L —
{ADDRESS FIELD)
——*]PARITY PARITY
CHECK CHECK
L PAR A8 oK
COMPARATOR COMPARATOR
AsB A:B WIT
MATCH O MATCH 1|
\ T
ADDRESS BITS 1,0 HITO
(WORD/BYTE SELECT) !
GROUP O GROUP 1
D lev:-:n 00D 1EVEN 00D
000 SET
BLOCK BLOCK
fe———WORD ——») WORD
ADDRESS BITS (9:2) ot : | | :
INDEX FIELD
{ ELD) INDEX ] ' ! i
POSITIONS | [ : |
I : i I
| | 1 |
| | | |
| ! i !
| 377
DATA OUT | DATA OUT
DATA_OUT 41y
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Figure 2-4 PDP-11/70 Cache Simplified Data
Path Diagram



PDP 11/70 CACHE MEMORY

MBC ADRS MBC :>
ADDRESS
BCNTLL | cecisTeR
POWER-UP [
ADRS > ASDRESS MEUoRY :m&b%)fsass.
o S CONT.
UNIBUS MAP N MX WX 9:25 CON e
ADRS &CNTL v/ AMX <2): 10> AMX <2):10? }46‘\5“
MAIN
PROCESSOR > MEMORY
ADRS & CNTL l A o MoR
MAIN C <i:0>
R MAIN BYTE MASK <3:0>
L e | 20 Eid
A
PARITY | " PaRITY
GEN. GEN.
[AMX ¢21:107 l
\) TAG 1 <2:10>
TAGO 21107 TAG| PARA.PARB
AMX <9:2) -~ L TAGO PARA, PARB TAG | VALID
TAGO VALID
MAIN EQUAL., HIT GROUP O HIT GROUP |
MEMORY oW VALID.
O om0, ) PAR CHEC
EVEN EVEN .
WD%R.'Q MUX SLOWCYCLE
BYTE 1,0 ‘ rA w»
UNIBUS DATA A t 1
<15:00> - DATA SELECT
Mo ) PARITY | "Logic
PROCESSOR DATA GEN. GROUP MAIN
<15:001 v DATA PAR CHECK
PAR CHECK a7:007
MBC DATA A
BYTE 3-0 . CACHE DATA
\| CACHE <15:00)
00D ] DATA N To
MAIN MUx [ N MUX PROCESSOR,
HI | — UNIBUS MAP
. WORD ‘:> v
REGISTER »
ORD
VIIDATA \/ GROUP | MAIN
BYTE 3.2 DATA DATA PAR CHECK
s PAR CHECK, (36:19>
BYTE 3-0 V
DATA
10
MAIN MEMORY
BYTE 3-0




Table 2-1
Example Program
(all numbers in octal notation)

Address Machine Index Address
Loaded Code Field Field Mnemonics Remarks
001000 013737 [ ] [ MOV @#5000@ 43000 This program
001002 005000 L 200 5000 moves the INC
001004 003000 201 ] 0000 3000 instruction at
001006 000137 L JMP @#3000 address 5000
001010 003000 202 3000 to address 3000,
0oto12 177776 L then jumps to
address 3000,
performs the
i INC instruction,
. - - and HALTS
003000 DONT CARE 200 ]
003002 001012 L
003004 000000 201 ] HALT
L 0001
005000 005237 [ 200 ] _ - INC@ #
0002
L J
Table 2-2
Summary of Cache Operations Example
Fast Data Memo Address Memo
Processor Random . GROUP 0 GROUP 1 TAG 0 TAG 1
Bit Hit / Contents C dress Memo: Address Memory
REF| PC Op A d)|Miss | Block | Low Word | High Word |Block | Low Word High Word | Address Field Loaded | Address Field Loaded Remarks
I {1000 | Fetch (1000)= 013737 0 Read| 200 | (1000)= (1002) = 0000 Fetch MOV instruction
Miss 013737 005000 ‘
2 | Fetch (1002) = 005000 1 Hit | 200 f f Hit Fetch source address
T " on
04 | Fetch (5000) = 005237 0 Read| 200 [ (5000)= (5002) = 0002 Fetch contents at source address -
Miss 005237 XXXXXX
4 11004 | Fetch (1004) = 003000 1 Read a0t | (1004)x) (1006)~ 0000 Fetch destination address
. Miss 003000 OO0I3T
5 {1006 | Write 005237 into 3000 0 Write MOV contents of source to
Miss destination address
6 11006 | Fetch (1006) = 000137 1 Hit | 201 ? ? Hit Fetch JMP instruction
on
7 {1010 | Fetch (1010) = 003000 0 Read| 202 {(1010)= 1012y = 0000 Fetch destination address
Miss 003000 177776
8 |3000 | Fetch (3000) = 005237 1 Read 200! (3000) = (3002) = 0001 JUMP; Fetch INC instruction
Miss 005237 001012
9 {3002 | Fetch (3002)= 001012 0 Hit 200 T ? Hit Fetch destination address
: on
10 13004 | Fetch (001012)= 177776 1 Hit | 202 ? Hit Fetch contents of destination
on address (DATIP)
Il {3004 | Write 177777 into 001012] 0O Hit | 202 | (1010)= f Hit INC and restore (DATO)
on unaltered (1012) =
177777
12 13004 | Fetch (3004) = 000000 1 Read 2011 (3004) = (3006) = Fetch and execute HALT
Miss 000000 XXXXXX instruction
8-5



T =30ns

ccsa ARB CLk 0| 1] I I
cceasvncexn | L L L

—»lle-6-10ns

41-2043

Figure 4-1 Cache Clock Waveforms

oo ____| l::-%.——_'g__-
T %0 [
Tiz0 [ 1 4
T 150 HOLD | [ ] n

START SLOW . —e=-= = ===

=N
p=y

DONE [ _l__%-_:-__—"‘__

Dashed lines indicate fiming during
write ond read miss cycles.

11-2844

T

POWER UP (1) H :

COUNT CLK L ,I,r I 1 J l [ L“—l {_

¢!
POWER UP ADDRESS . (o] . 1 ° 2 o3} 377|¢ o

ALLOW WP H ,' L o
0 T s T e N

1-2845

PUP WP L

Figure 4-3 Power-Up Sequence Timing Diagram



Table 4-2

Cache Registers

Register Address Access
Low Error Address 17777 740 Read only
High Error Address 17777 742 Read only
Memory System Error 17777 744 Read/selective clear
Control 17 777 746. Read/write
Maintenance 17 777 750 Read/write
Hit/Miss 17777 752 Read only

LOW ADDRESS (16 BITS}

112881

Figure 4-8 Low Error Address Register

0

(= U

]

HIGH ADDRESS

112802

Figure 4-9 High Error Address Register

) IO 9 8 7 (] 5 4 3 2 1 0

CPU ABORT

CPU ABORT AFTER ERROR
UNIBUS PARITY ERROR

UNIBUS MUI.TINE PARITY ERROR

l l DATA ERRORS

UN|BUS ERROR

CPU UNIBUS ABORT
ERROR IN MAINTENANCE

DATA MEMORY GROUP 1

DATA MEMORY GROUP 0
ADDRESS MEMORY GROUP 1

ADDRESS MEMORY GROUP 0

MAIN MEMORY ODD WORD

MAIN MEMORY EVEN WO

RD
MAIN MEMORY ADDRESS PARITY ERROR
MAIN MEMORY TIMEOUT

11-2084

Figure 4-10 Memory System Error Register



15 4 3 2 1 o

Y //%ZIHII]

FORCE REPLACEMENT GROUP | T
FORCE REPLACEMENT GROUP O

FORCE MiSS GROUP 1
FORCE MiSS GROUP O
DISABLE UNIBUS TRAP
DISABLE TRAPS

Figure 4-11 Control Register

15 121 8 7 4 3 1.0

e B ‘_T_Jj’g

MEMO.
ADDRESS PARITY:
FAST DATA PARITY:
MEMORY MARGINS

Figure 4-12 Maintenance Register

e

112867

Figure 4-13 Hit/Miss Register



UNIBUS MAP DATA

HIT/ MISS
REGISTER

(CCBL)

CACHE REG
FROM

REGISTER

(CCBH)|

MAINTENANCE
REGISTER

(CCBL)

ERROR

REGISTER

UNIBUS . ,
MAP ADDRESS BITS 3.0

{CCBYK)

CONTROL

REGISTER

FROM
ADRS
MUX

(CCBH)

M RBoRESR

REGISTER
(CCBR)

REGISTER
READ
MULTIPLEXER

(CCBF)

REGISTER
%LECT
CONTROL
(CCBF H)

Figure 4-14 Register Logic Block Diagram

REGISTER
DATA

TO
UNIBUS
MAP
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cAcHE {_EraTIONUN HIT ANK vissS

Processor
or
Unibus Map

RH-70

Controller

-
READ {

<
kWRlTE {

g HIT
READ

Massbus < HIT
WRITE{
\

HIT

MISS
HIT

MISS

MISS

MISS

What Happens In:
CACHE [ MAIN MEMORY
No Change No Change
Update No Change
Update Update
No Change Update
No Change No Change
No Change No Change
Invalidate Update
No Change Update.
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PROCESSOR CACHE
TIME
STATE® I
CPU ENTERS
m BUST ROM l
STATS
ADDRESS & '
T OPERATION
CONTROL BITS
QGENERATED
i
l ASBERT
BUST HOLD
' {CCBC)
T | l
' o
ASSERTED
oR vES
NONCPU
DATHP
T5
nO
CPU ENTERS ASSERT CP
m PAUSE ROM WITIATE CACHE ?;:.T Lock CYCLE
STATE TIMING SEQUENCE cces)
(ceae}
|
ADDAESS &
l T30 OPEHATION
CONTROL BITS
GATI:D INTO
CACHE
ADME.F,J)
——
T2 | T6e0
ADDRESS &
e Seenanon
CONTROL BITS:
GATED ONTO
MAIN MEMORY
T90 BUS
{ADML)
13 ASBERT | ASSERT FOM DATA
f:“c";;m ox T SELECTED
{ADMK) M
' T120 (DTMCM)
I DATA GATED
NEGATE OUT OF CACHE
T4 BUST HOLD (oTIM)
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ASSERT MEM
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L_ | o0
ASSERT DONE
CPU RECEIVES icesc)
T5 MEM SYNC
mael l
; |
[ l NEGATE LOCK CACHE
" LOADED | (cces) QUIESCENT
*The processor time states.are intended
218 framae of reference onty for evants 11.2830

‘which occur in the procassor.

Figure 3-8 Processor Read Hit



UNIBUS MAP

UNIBUS MAP
GENERATES
ADDRESS &
OPERATION
CONTROL BITS

CACHE

(]

1

ASSERT
PRE-UB
{cces)

Figure 3-12

s
' INITIATE CACHE ASSERT LOCK :vscf.? us
TIMING SEQUENCE (cces) cyoLe
| (ccBE) ]
ASSERT UB
. ADDRESS &
I T30 AcKN OPERATION
fecac) CONTROL BITS
GATED INTO
[l CACHE
! ] 160 (ADME.F J)
NEGATE UB
REQUEST
l ADDRESS &
OPERATION
CONTROL BITS
GATED ONTO
l 90 AODRESS MAIN MEMORY
Bus
. PROC (ADML)
l T120
ASSERT FDM DATA
HIT (0OR 1) SELECTED
{(ADMKI (OTMCMI
I ri50
' ASSERT DONE
| T180 iccse)
I "”B n,,“" us NEGATE LOCK
e (cceg)
' (ccac)
l I NEGATE caone
vocveLe Gorescent
DATA LOADED l
UNIBUS I
TRANSACTION
COMPLETED l 11.2829

Unibus Map Read Hit




cPy

PR
TIME OCESSOR CACHE
STATE* l
CPU ENTERS
™ BUST ROM
STATE
T2 l
I ASSERT BUST I
T3 (RACH) l
T4 |
16 '
CPU ENTERS ASSERT CP
m BEND ROM STATE INITIATE CACHE g::.' ocx eveLE
TIMING SEQUENCE cces)
tcceE) I
ADDRESS, DATA &
| T30 OPERATION
CONTROL LINES
GATED INTO CACHE
& PROCESSED IN
I NORMAL MANNER
T2 l T60
| T90
ASBERT '
T3 CACHE
BEND (TMCE)
l T120
CONTINUE l NEGATE
T4 OPERATION BUST HOLD
I tccact
T80
l T180 ASSERT DONE
(CCBC)
T5
NEGATE LOCK CACHE
IccBB) QUIESCENT
“Tha processor time states vi-2831
a1 a frame of reterence only for svents

which occur in the processor

Figure 3-11

Processor Bust-Bend Cycle



UNIBUS MAP

UNIBUS MAP
GATES ADDRESS,
& OPERATION
CONTROL BITS &
{IF WRITE) DATA
FROM UNIBUS o

CACHE

ASSERT

ASSERT
PRE-UB
icces)

BIVS BELECT
REGISTER
READ DATA
(ccBF)

{IF READ}

UNIBUS
TRANSACTION
COMPLETED

Figure 3-15 Register Read and Write

INITIATE CACHE ASSERT LOCK ASSERT LB
TIMING SEQUENCE icces) CYCLE
iccas)
(CCBE) J
ASSERT 0B
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WRITE ves
OPERATION
?
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T180 tceac)
ASERT UB NEGATE LOCK
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22-BIT RELOCATED
ADDRESS =
13 565 746

15 1312 06 05 00
VIRTUAL ADDRESS=157 746{1 1 o0 |1 ' 1+ 1 ¢+ 11 0 o 1 1 o
| | |
- N —— A II
APF : BLOCK NUMBER ! DISPLACEMENT I
i : IN BLOCK ]
| |
ACTIVE PAGE FIELD : : Il
SELECTS PAF = | ,
PAGE BASE ADDRESS | | :
PAR 6 =13 546 000 | ! |
i
21 112 06! :
1t 0o 1 1 1 1 1 0 0 1 0 0 0 o |
] ] | | '
— — ; I
| ' |
|
I , !
| ADDER ! |
1 |
| . |
121 [ 00.
1 0 1t 1 t 1 1 o 0O t 1 1 { 1 0 0 1 1 o
| | ] ] ] ] ]

BASE ADDRESS OF BLOCK

Figure 1-2 Construction of PA

10-1

DISPLACEMENT
IN BLOCK (DIB)

1-4082



PROGRAM

VIRTUAL ADDRESS
RANGES

000000 - 017776

MEMORY

020000 - 037776

040000 - 057776

060000 - 077776

100000 - 117776

120000 - 137776

140000 - 157776

160000 — 177776

MANAGEMENT
P:ﬁF PAGE BASE
o | 104000%x
1 | 003200XX |——u_
2 | o12500%x
ol 3 | 000600XX _
4 | 000200XX
5 | 071000XX
6 | 000200XX
7 | 001500XX

Figure 1-3 Relocation

10-2

PHYS

ICAL

MEMORY

PHYSICAL
ADDRESSES

107776
10400000

00337776
00320000

01267776
01250000

—W‘-’M
00167776
00150000

o7TN7776
07100000

00077776
00060000

00037776
00020000

}PAGEO
}PAGE1
}PAGEZ
]PAGE7

}‘PAGE 5

}PAGES

PAGES
486

' 00000000 |

11-4016



VA

PSW

PROCESSOR

ROM ADDRESS

CHAPTER 3

I/ \\

JARN

/

/

7

/

AVAR VAL V.4

ADDER

— ..

CHAPTER 4

GENERATION

ADDRESS

LIMIT
CHECK

MM. PAR/PDR
ROM ADDRESS ) PARSs
SELECT
MMR
3
SCCL ENAB 22 8BIT MODE
MMR ") SSRE
(o] v/|RELOC

SCCN SYS

SIZ<24:14> CiaPTER 5

Figure 2-4 MM Relocation Function
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PHYSICAL ADDRESS
TO CACHE
8 UNIBUS

SAPN NOT
CACHE ADRS

SAPN UNIBUS
ADRS

Nn-4009



PDP-11/70 MEMORY MANAGEMENT FAMILIARIZATION LAB

Set up thé appropriate PAR's to complete each of the
following steps.

a. Map all virtual page zero addresses to the entire
upper 4K section of memory in your processor for
Kernel, User and Super modes. (do not map into the
device register address range).

b. Use I Space control at this time.

What is the memory size of the processor you are working
on K.

What value did you deposit into the Kernel, User, and
Super PAR's? ’ g

What value did you deposit into the Kernel, User, and
Super PDR's? g

Enable the memory management relocation logic for 18
bit mapping.

a. How was this done?

Load address with zero in the switch register.

a. Which function or functions has the memory management
performed during Load Address? Explain:

DIGITAL EQUIPMENT CORPORATION

10-4



10.

b.  Select Kernel I with the address select switch, depress
the Examine key.

(1) Wwhat address is displayed 8

(2) Is this the virtual or physical address?

c.  Select Program Physical display. What address is dis-
played? g

Explain:

Repeat steps 6, 6b, and 6¢ using the User I and Super I
controls.

a. Notice the mode control lights change on the console
(top center) as the new mode is entered and operated on.

Repeat step 6. This time load address with the value 1000g.

a. Explain what happens this time.

Repeat step 6 again. This time load address with 21,000g.

a. Explain what happens now.

Turn the memory management relocation logic off. Look up
the address of the TTY or LA30, printer data buffer; what
is it? 8- '

For the PDP-11/70 this address must be prefixed by a 17g.

a. If you deposit the ASCII code of a valid character into
this address, the character will print one time.

(1) Try this operation.

DIGITAL EQUIPMENT CORPORATION
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11.

12.

Enable the memory management logic again. The virtual
address of the buffer is 177566. Load this address.
Select Kernel I and deposit the character.

a. What happens, and why?

b. Which PAR and PDR must be set up?

(1) PAR = o S : : 6

(2) PDR =

8

c. Do what has to be done to make it work with Memory
Management on.

d. There are actually several PAR values which will cause
the printer data buffer address to be output from
memory management. When using 18 bift mapping an ad-
dress is defined as a Unibus address if bits =

are all 1's. 1If this is true, the bits 21:18 are

forced to 1's, even though they might have contained
some other value after relocation. In a sense, Unibus
addressing may be relocated twice; once to the upper
4K of the 18 bit addressing space, and once to the
upper 4K of the 22 bit addressing space. To verify
this, load Kernel I PAR7 with the constant required
to relocate Kernel I address 177566g to physical ad-
dress 00777566g.

Kernel I PAR7 =

Deposit the code for an ASCII character in that address.

Note that the character is printed. Select PROG PHY,
and note the 22 bit address displayed.

22 bit address =

Twenty two bit mapping is enabled by setting bit 4 of
memory management register 3. (Refer to the KB11B
Processor Manual, Section IV, Figure 9-6) For memory
addresses in the range 0-124K, there is ro difference
between 18 bit mapping and 22 bit mapping. Valid ad-
dresses above 124K were relocated to the 4K device ad-
dresses under 18 bit mapping. Under 22 bit mapping,
addresses up to 1920K are treated as memcory addresses.
The 128K addresses with address bits 21:18 equal to
all 1's are treated as Unibus addresses. The upper 4K

DIGITAL EQUIPMENT CORPORATION
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12.

13.

14,

of these are the device addresses, the remaining 124K
address the Unibus Map. After relocation; the address
is determined to be a Unibus address, the leading 1l's

rare stripped off and bits 17:00 are used as the 18

bit Unibus address.
a. Enable 22 bit mapping.

b. Repeat step 6 again. Is the operation different from
the previous execution of step 67? ° L

C. Repeat step 1ll. 1Is the printer data buffer addressed?

. The value loaded into PAR7 in step 1101

causes the memory management output to be a non-Unibus

address. Change it so that the buffer register will be
addressed.

To use D-Space memory management register three must be set
up to specify the mode.

a. Enable Kernel D-Space. Repeat step 6.

b. Explain what happens and why?

c. Correct the problem, and see that Kernel D-Space works.
Analyze the following simple program. Deposit it into the

specified location. Do what is needed to make it work with
the memory management enabled.

20000g MOV#1,@#777572
2

000001
4 177572
6 BR

DIGITAL EQUIPMENT CORPORATION
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STEP NUMBER

3

6a

6b (1)
6b(2)
6c

8a

9a

10
lla
11b
1l1b(1)

11b(2)
11a

12b
12c¢

13

ANSWERS TO QUESTIONS

10-8

ANSWERS
Core Range PAR's
32K- 1600g
40K~ 2200g
48K- 2600g
56K~ 3200g
64K 3600g

PDR's = 077406g
Deposit a one into SRO bit 0

None; KT1l1-C only deals
with address from the BAMX.

Zero

Virtual '

PAR+0: This is the physical
address after the PARO and
the virtual addresses were
added.

The virtual address is 1000.
This address is mapped to
the specified physical ad-
dress range.

Memory Management abort. The
virtual address is in page two.
Page two hardware is not set up.

7775663

Memory Management abort. Vir-
tual page 7 is referenced and
the hardware is not set up.
Kernel PAR7 and PDR7.
PAR = 177600g.
PDR = 077406g.

17:13
Kernel I PAR7 = 007600g
22 bit address = 17777566

No
No

Memory Management abort. The

Kernel D PAR and PDR are not
set up correctly.

DIGITAL EQUIPMENT CORPORATION



PDP 11/70 Address Handling Format

Address Generated by
Memory Management

Address =
17 2xxxx

Physil XXXXXX =
Memory Unibus
Address Address

Physical
Memory Address
< System Size

Unibus
Address within

Map Limits

( Register
~ NEXM Gdf't:“’ of
1 error Yes ves D:\'vic:::

Add Map
Register
Contents
to Unibus
Address

Address used to
Access Memory
System

TR-1022
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'PDP-11/70 MEMORY MANAGEMENT FLOW CHART

O NOT ENB

MMR0<0>

00 PSW
KERNEL <14:15>

KERNEL KERNEL USER
D APR I APR

L I l , DA]PR ~ T APR

ABORT

16 BIT

PA<05:00>+ VA05:00>
PA<21:08>+-PAR+VA<12:08"

PA<06:00> ~-VA<05:00>
PA<17:06:- —PAR<11:00>
+Vi<12:08>
PA<21:18> —05:PA<17:13> 218
PA<21:18> 15:FA<17:13>=1g

PA<15:00>+-VA<16:00>
PA<21:16>—EX MEM FLAG

—v J

UNIBUSPA<17:00>: PA<21 18>=17,
CACHE ~PA<21:00>: PA<21:18>%# 17,

PDP-11/70 MEMORY MANAGEMENT

TR-0895
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BRC14:08> ¢ ¢ BRE3 BR02:00> { PROGRAM WRITE TO POR
l l l ADDRESS (CHAPTER 7).
v
PLF Al w % £0| AcF |poR
T PAR. 8.3 BRE9
KEY 1 8 READ SAPL SSRD SSRD
> keys-a wRITE MEM MomT H [ MEM MomT ENABLE
SAPL KEY 4 E DET (1) H MGMT (1) H
WRITE
CYCLE H
EGEERLT SAPL READ
CHAPTER 6 KEY 2 8 WRITE | 7] ONLY FAULT
>na.e.a SSRD MEM | _ - vca
MGMT TRAP
KEY 0 SAPL NON
Lol KEY 3 —+ RESIDENT
KEY T FAULT H
CHAPTER 6
SAPL SAPL SSRC KT
LENGTH ABORT |—»| ABORT
VA C12:06 Y ————|  FAULT L COND H FLAG L
PAR’ 8.1 l———
CHAPTER 9 !
MMRO | 15|14 |13 |12 / 09
NON RESIDENT ——T I———ENAELE TRAP
ABORT { PAGE LENGTH ERROR TRAP
READ ONLY
11-4020
Figure 8-1 Traps and Aborts

11-3
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-t PAUSE *—'l
T1+120ns +150ns

l l T2 T3| IT4 T5 T T2 T3|

SSRK PULSE BC89 H

SSRD MEM MGMT TRAP L

SSRD MEM MGMT B L |

SSRD MEM MGMT DET (1)L

SSRD MGT TP DET DLY L ’ l

NN\

(PRE-MEM MGMT TRAP)

SSRD MGMT HOLD (1) H

ANN

SAPD WR A+W L

11-4022

Figure 8-2 Trap Timing
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Selected by

SSRB KERNEL SPACE,
SSRB SUPER SPACE and
SSRB USER SPACE logic

V
SAPE KERNEL PAR L
SAPE KERNEL CS L
SAPE SUPER PAR L
SAPE SUPERCS L
SAPE USER PAR L
SAPE USER CS L
) I
KERNEL SUPERVISOR USER
000 PAR PDR PAR POR PAR PDR
004
010
o1 : ' I SPACE @—
100
1014
110
111 | \ ] SAPK ADDR 3K L
—-({ SAPK ADDR 3S L
SAPK ADDR 3U L
000 PAR PDR PAR PDR PAR PDR
00 ) 1 or D SPACE selected
! by MMR3 (2:0) and
010 by SSRB | SPACE A
and SSRB | SPACE B.
o1l D SPACE@— | \han SAPK ADDR 3K,
100 ' 3 Sand 3 U are high,
| space is selected;
101 when they are low, D
110 space is selected.
111 4 '
SAPK ADDRM L
——— SAPK ADDR1! L
SAPK ADDR2 L
One of eight registers
selected by VA (15:13).
-4012

Figure 3-1 Addressing of PAR/PDR



CONSOLE YES

PHYSICAL
RELOC NO
ASSERTED
i SELOH=H
SELTIH=H
SELOH=H SELOM =L
SEL1H=L SELTH=H
SELOH=L
SELIH=L
§
22.81T MODE 18-81T MODE 16-817 MODE CNSL PHYS.
1
PA (17:13 NO VA (16:13
11N =11
YES YES
00 21 16 15
ADAS 21:00 _J SWR (21:18) VA (15:00
1 1 1 1 I DN N N W B
21 1817 1312 00 21 0 .15 1312 00
A1 111 111 11e———— ADRS(12:00 —o} 1 111 111 11— VA12:00 ——=| PA
4+ 1 1 1 1 1 | N A I D
2 1817 13 00 2 1615 13 00
PAlo0 000 «———— ADRS(17:000 0 000 00@————— VA(15:00 — of PA
| | | | ] | ] | | | | | ] |

11 - 4011

Figure 4-10 Generation of Physical Address
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SSRD SSRC
SSRD

12 11 10 9
I [

SSRC
15 14 13

ABORT-NON RES!I NTJ I
ABORT— PAGE T

LENGTH ERROR

ABORT- READ ONLY

ACCESS VIOLATION
TRAP-MEMORY MANAGEMENT ———J
NOT USED
NOT USED
ENABI.E MEMORY MANAGEMENT TRAP
MAINTENANCE MODE
INSTRUCTION COMPLETED
PAGE MODE
PAGE ADDRESS SPACE 1/D
PAGE NUMBER
ENABLE RELOCATION

8 7 6 5 4 3 2 41 o0

4 4 —r b

11-4048

Figure 9-1 MMRO
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SCCB MMR ADRS L—q@

TIGA PSEUDO T3 H—

UBCB H! BYTE H ——

TMCE KT BEND L —1— )
SSRE RELOC H

SSRC NO ERROR (1) H—
SCCC INT REG 8 L ——

| [ S A
UBCB-HI BYTE H—

SSRK TS3 H—
TMCE PAUSES B H—]

UBCB LO BYTE u—}

SSRK PULSE 23 H—
TMCE PAUSES B H—

—15
8CCC MMR REG (1) H SAPI. ABORT LOGIC [ 1a
I— SSRH VABIC H_ BR<I5:13>
_\‘ SSRH VAGZCL—} c M
T™MCECIH—____/
— SCCC WRITE MMR@ REG H
l $SRB MMR@ MODE1 H— —06
SSRH VA2 € L — ﬁg%m“”e
SSRH vagh ¢ H—J S3RB MMR MODES H—{ |03
SSRC WRITE MMR@ HIBL
SSRC STROBE ENABLE H SAPK IND DATA H—l |04
— —03
>—L_— SSRH VAL15:13)> H{— —o2
‘ SSRC CLK MMR@ HIB = —01
SSRK PULSE’ ¢ g HiB H ¢
BC8Y H
I ESSRE STROBE OK H BR12— 12
SSRE STROBE OK L
c
BRP9 — -—09
c
BR@S—| o8
SSRD MMR@ HIB CLK L
c
BRI — —o00
SSRE MMR@ LOB CLK L

Figure 9-2 Clocking of MMRO
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i4 PAUSE

I T1 T2 SO S1 s2 T3 T4 T5 T T2

TIGA PSEUDO T3 l

TIGE TS3
SSRK PULSE BC89 H

SSRK PULSE 23 H

———————

SSRE WRITE MMR@ H
SCCC INT REG H

SCCC WRITE MMR@ REG H}

CLOCK BITS 15:13—--——1 l
CLOCK BIT g2

CLOCK BITS 08,09,12,06:01

f1-4021

Figure 9-3 MMRO Write Timing



15 1n__10 8 7 3.2 [}

l

AMOUNT CHANGED REGISTER  AMOUNT CHANGED REGISTER
(2'S COMPLEMENT) NUMBER (2's COMPLEMENT) NUMBER

11-4042

Figure 9-4 MMRI

00

11-4044

Figure 9-5 MMR2

Yk AR Y

ENABLE UNIBUS MAP L) T T I

ENABLE 22-BIT MAPPING
KERNEL
SUPERVISOR
USER

11-4040

Figure 9-6 MMR3
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17 13 12 01 00
BUS A (17:00 I l | I
] L1 |

BUS A (17:13) salect

one of 32 i

Registers, 0037,

21 01
oo[ MAPH MAPL
! 1 1 ] 1 1 ]
. T
i T
ey S 1
e T
L T
g A | T
) - -
= T
ADDER
MAPE
21 l\/l 00
CACHE ADDRESS | | . .
MAPE CA (21:01) H, MAPA CAGO H
11-402%

Figure 1-1 Construction of the PA
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D (15:00) L

co.01 UNIBUS
P8 A (17:000 MSYN SSYN
DECODE LIMIT
ADDRESS | NO ACTION NO oK
?
YES
YES CACHE NO
REG. ADDR.
?
MAPB
CACHE REG. L -
& MAPA
ADRS (03:01) MAP
ENABLED YES MSYN ro
’ ?
YES
UNIBUS UNIBUS
ADDRESS ADDRESS
UNMODIFIED RELOCATED
MAPF UB
- —— REQUEST
| (1L
|
{
|
|

CACHE

SSYN

11-4013

Figure 2-1 Unibus Map Flowchart
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MSYN MAPF UB REQUEST (1) L
UPPER & LOWER FF b
MAPB LIMIT JUMPERS
l l MAPFE
NOT PERIPHERAL
17:13> LIMIT 7
COMPARATOR
MAPF
CCBC UB ACKN L
SCCL ENAB MAP H N MAPD ENAB MAP
L~
R
uB MAPA DATAC15:00> H.
DATA 0<05:00> DC15:01)
MAPA
ACIT:I3) MAP REGS. | gac2i:on r‘4
A<06:02> |MXCOIMAPH]  MAPL ADDER
1 MAPC. MAPD MAPE CAC21:01> H
R .
RaITion [ oo
us
ADDRS
MAPA CA@g H
MAPA
. MAPA ADRS <03:0D H
ADDRS
R DECODE CACHE REG L MAPB CACHE REG L
c1,co
MAP REG OP
MAPB MAPB DLY
MAPB C1H, C@ H
D
CCBD UB TIMEOUT L {::>c BUS SSYN
CCBC UB DONE H
MAPB
<15:01> 8US D
DTML CDMX D(15:00> H €05:00> | ux
:;: BUFFER
CCBF REG DC15:00> H REG MAPY
MAPH
MAPB PB DATA H

DTML BAD PARITY H

BUS PB

NOTE:

FF
MAPH

D * UNIBUS DRIVER, R= UNIBUS RECEIVER

Figure 2-2 Unibus Map Block Diagram
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UNIBUS UNIBUS MAP CACHE

CCBB PRE UBUS F/F

MS YN MAPF UB REQUEST (1) L {
CCBC UB ACKN L
ce MAPB CO H ADMJ C@ H
c1 MAPB Ct H ADMJ READ L
MAPA CAZ@ W } ADME AMX <21:00> H
MAPE CA<21:91> H

A<17:00> MAPA ADRS <@3:91> H
MAPE CACHE REG L CCBH, CCBJ (REG. LOGIC)
MAPJ DATA <15:00> M CDPE WRITE MUX <15:00> H
D<15:00>
DTML COMX D<I5:00> H
(MAPJ) BUS D<15:00> L {
CCBF REG D<15:00> M
" (MAPB) BUS PB L DTML BAD PARITY
MAPB PB DATA M i CCBJ (REG.LOGIC)
SSYN (MAPB) BUS SSYN L

{ CCBC UB DONE W

CCBD UB TIMEOUT L

MAPD ENAB MAP L j—- SCCL ENAB MAP H

11-4062

Figure 2-3 Unibus Map Interface
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L
,
3
>

MAPA ADRS<(17:00> H
#%MAPA DATA15:00> H

ZL

MAPB MSYN H

MAPB CACHE REG H 722223

MAPF CACHE BUS ADRS L M

MAPJ ENBUS H

MAPF UB REQUEST (1) L

CCBC UB ACKN L

CCBC UB DONE H

BUS SSYN L

#MAPH CA DATAC15:01> H

*BUS D(15:00>L, PB L

| S

*NOTE: DATI or DATIP only.
#% NOTE : DATO or DATOB only.

11-4028

Figure 2-4 Cache/Unibus Transactions
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17 07 06 02 01 00
1 11000 010 1 .0 | BUS A(17:00)
| |
Bit AO1 = 0 enables
»] data transfer between
BUS D (15:01) and
bits (15:01) of a
Bit AO1T = 1 enables ) register.
transfer between ’
BUS D (05:00 and 15 01 ,00
bits (21:16) of 2 BUS D (15:01) /4
register.
BUS A (06:02) salect BUS D (05:00)
one of 32 Mapping
Registers, 00—37,
21 16 15 01
00 MAPH MAPL
1 1 | | 1 i 1
" g - )
i ! 1 T
37 Y T
T K m— ) 4
11-4030

Figure 3-1 Addressing of UB Map Register
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MAPA ADRS {17:00> H 7/, o
*#MAPA DATA <15:00> H

MAPB MSYN H

MAPRB REG OP H : D (\
N
( :
MAPJ ENBUS H

1
/ j*100ns»
MAPB REG SSYN L

» %MAPB WRITE HI WORD L} )

#%*MAPB WRITE LO WORD L

BUS SSYN L

*BUS DCI5:00) L \-I \I

# NOTE: DATI only
#%NOTE: DATO only

11-4024

Figure 3-2 UB Map Register Read/Write
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INHIBIT CURRENT DRIVER
AND SENSE TERMINATION

A

Y2

X8 w—

FERRITE

" CORES

SELECTED

/\/CORE

Im/s2

SENSE/INHIBIT
LINES

TO SENSE AMPLIFIER Ims2

11-1790

Figure 4-1 Three-Wire Memory Configuration
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HYSTERESIS LOOP FOR CORE

INHIBIT OR FLUX STORED OR SWITCHED

READ HALF SELECT
I

t
f—————————— |——— ——==4—="TUNDISTURBED

p—— ""DISTURBED

WRITE
FULL
SELECT
FLUX
CHANGE I WRITE
FOR 1 AT< - -
READ o DRIVE CURRENT
TIME

|
|
|
i
[
|
|
SELECT !
|

l .
{ "0" DISTURBED -~ 1;/_33”
"0" UNDISTURBED- |

{ HALF SELECT WRITE

_____ FLUX CHANGE AT READ
TIME FOR A "0".
NOTE NO SWITCHING

TAKES PLACE "1" OUTPUT SWITCHES AT THE
CORE TIME CONSTANT AND IS
"0" OUTPUT COMES DURING I RISE TIME 25;’:@2'#}35{57“‘,"55“,’,?'3,,“
AND IS A FUNCTION OF IT AND CURRENT SWITCH FASTER AND GROW AS
AMPLITUDE. RISE TIME IS DECREASED.

"0" OUTPUT & A 77 OR & &%

.

OOTTED LINES SHOW HOW
OUTPUTS WOULD BEHAVE
WITH DIFFERENT CURRENTS

11-00888

Figure 4-2 Hysteresis Loop for Core
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ARROWS SHOW CURRENT
DURING READ TIME

TOP VIEW OF CORE MATS

XSW

£EDEDEDED

INTERCHANGE
™ 1S FOR NOISE
—u——_*——* CANCELLATION
XOR SA SB
o, wvil vz v3 35y THERE IS 1 SENSE INHIBIT
INH <ense]  WINDING PER MAT
AMP
YSW Ysw
RW RW R R W
YOR Wor
,/ CORE
SENSE= INH LINE
& X b X LINE
Y LINE
BONDING MEDIUM —ef
fe— GROUND PLANE
i PC BOARD
DETAILS OF CORE STRINGING
. 1-1791¢

Figure 4-3 Three-Wire, 3D Memory - Four Mats of a 16-Word by 4-Bit Memory
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MJ11-AE:

MJ11-AA:
AB:

MJ11-AG:
AH:

MJ11-AC:
AD:

MJ11 MEMORY OPTIONS

32K words

Memory Box with Controller and Transceiver, 32K words, 110 V.
Memory Box with Controller and Transceiver, 32K words, 220 V.

Memory Box with Controller and Transceiver, 128K words, 110 V.
Memory Box with Controller and Transceiver, 128K words, 220 V.

Memory Cabinet and one Memory Box with Controller and Transceiver, 128K words, 110 V.
Memory Cabinet and one Memory Box with Controller and Transceiver, 128K words, 220 V.

Maintenance Spares (not for expansion purposes)

MJ11-AM:

16K words

TR-0916



S-%1

HIGH WORD LOW WORD

I!I*I°I7l615l4|3|2|'|°|°||;7|6|5|4I312|'l°|9|]l’L6lsl4I312|'|°l°|’lslsl4l3121'l°l

NOT BYTE 2 BYTE 1
US'ED PARITY PARITY
1/70
8YTE 3 NOT USED BYTE @
PARITY IN 11/70 PARITY
\ ~ J\. . R AW —~ - _—
DATA BYTE 3 DATA BYTE 2 DATA BYTE 1 DATA BYTE @
NOTES .

BIT 9 of DATA BYTES 3 and t are implemented on the
MAIN MEMORY BUS but are not used in the PDP -11/70.

BIT 8 of each DATA BYTE is the byte parity bit in
PDP-11/70 opplicotions.

1-2986

Figure 1-1 Data Word Organization



MAIN
MEMORY
BUS

DATA LINES

ADDRESS &
CONTROL LINES

v (32 BITS PLUS PARITY)

V-

MEMORY DATA GATING ‘
TRANSCEIVER CONTROL MEMORY CONTROL
CARD AND TIMING
(M8149) (M8148)
T ] CONTROL AND TIMING SIGNALS
HIGH BUS (DATA)
16 BIT
(tle BiTs _LOW BUS (DATA) { PLUSS
PLUS PARITY)
PARITY) § ¢ ¥ ) ) ¥ ) ] )
LOW Low LowW LOowW HIGH HIGH HIGH HIGH
srscx srﬁcx S'rgcx STACK STACK STACK STACK srgcx
1

3

L PARALLEL
OPERATION
PARALLEL

OPERATION
PARALLEL

OPERATION
PARALLEL

Figure 1-9

OPERATION

14-A

Gl

MJ11 Simplified Block Diagram

INTERNAL
BUS

11-2989



MJ- MEMOR

MINIMUM CONF G' ION 64K WORDS

-t e

(R

MAIN
MEMORY

§

26 25 24 23 2221 2019 18 17 16 15 14 13 12 11 109 8 727 6 8 4 3 2
eI I D A N

STACK STACK STACK STACK STACK  STACK  STACK STACK
o] 1 2 3 3 2 A o}
N e e e e e ~ 4
(EVEN) LOW WORD (ODD) HIGH WORD
addresses XX XXX XXO oddresses XX XXX XX2

XX XXX XX4 .

XX XXX XX6 TR-0920
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MJ-11 INTERLEAVED MEMORY

TR-0921

[y i i L1
! |
N
. S
i
i
N

INTERLEAVED
obDD

INTERLEAVED
EVEN



TOP OF MODULE

| |
1141
| sl

(O D10 MISMATCH ERROR
(O D9 CONFIGURATION ERROR

(O D8 PARITY ERROR

O D5 BUSY

M8i48 MEMORY CONTROL AND
TIMING MODULE EDGE VIEW
FROM FRONT OF MEMORY FRAME.

BACKPLANE

] . 11-2972

Figure 3-3 Location of Memory Controller Status LED Indicators
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-4 by
srewss Y T I
Mg.;,g:.:g;g.;‘.ggj S R

ous Y '} //////////////////////////////////////////////////////%

[ACKNOWLEDGE

SIGNALS TO | BUS OCCUPIED

BUS MASTER
FROM MEMORY

DATA

( DATA READY

Figure 2-2  Write Operation - Main Memory Bus Protocol

[ oSRRese 1 %———* I,
BYTE MASK ////////////////////////////// IGNORED DURING READ - ‘GPERATION ////////////////////////////////
weuons rowd 2RSS 1 I,
Y )

START

N\

N

(ACKNOWLEDGE

BUS OCCUPIED i

SIGNALS TO
BUS MASTER{
FROM MEMORY DATA

T

ey

[ w357ns

DATA READY I I

Figure 2-3 Read Operation - Main Memory Bus Protocol
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ADDRESS
RECOGNITION

/
STACK SELECTION

RECEIVE
MAIN

START

?

YES

:

LATCH MAIN
LATCH MEMORY BUS START CONTROL
::slNDIAﬁerRY ADDRESS AND TIMING
CONTROL LINES GENERATOR

GENERATE
TIMING
CONTROL
SIGNALS

11-2996

Figure 3-1 Memory Controller Operation -- Simplified Flowchart
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25ns

RT O

i -

-

RT25

_t_

RTS50 | |
i

RT75 | . I

RT100 l

RT 125

1

RT150

RT175

RT200

RT 225

RT'250

RT 275

RT 300

RT 325

RT 350

Figure 3-5 Buffered Outputs of Read Timing Delay Line
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ADRS 8 CONTROL _]'W
DATA [—%
MAIN START r%
MCTD BUSY [
MCTD LDMBR r%
MCTF LOCK MAR [
MCTF CLR MOR 1
MCTF LD MDR I_I
MCTF IACK _____[—-l ]
MCTF READ EARLY | |
MCTF READ LATE | |
MCTF SAS EN 1
MCTF. §T WRITE 1

:

F

(MCTD) RT O o ¢ ¢ 100 © 2000 o 2300 ¢ 24000 © 500 o
(MCTE) WT . O ¢ ® © |00 » 22000 © ¢300¢ ® 400 ¢ o o500 o o300 * o700 o o
MCTF ST CHG | |
MCTF WRITE EARLY : ] L
MCTF WRITE LATE | {
MCTF INHIBIT TIME | |

MCTF END ' 1

Figure 3-6 Write Operation Timing Control Signals
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ADRS & CONTROL

i

MAIN START
MCTO BUSY [ 1
MCTD LDMBR I Z&%

MCTF LOCK MAR

]
MCTF IACK l . L
1

MCTF CLR MDR

M

MCTF BOCC TIME l

MCTF READ EARLY l I

MCTF READ LATE

MCTF SAS EN I I

!

MCTF MEM OUT EN [ l
MCTF TYR OUT EN | |
BUS DATA N l

MCTF DATA READY : | I
MCTF ST WRITE I l

(MCTD) RT O ¢ o 01006 o » 200e ¢ 0300 ¢ 2400 o ¢ 3500 o
(MCTE)WT O ¢ o e(00¢ o 62006 @ e300+ ¢ 400 s o #5006 o 2600 e o o700 ¢ o
MCTF ST CHG | 1
MCTF WRITE EARLY [ 1
MCTF WRITE LATE [ |
MCTF INHIBIT TIME J I

MCTF END J'—'l

11-2970

Figure 3-7 Read Operation Timing Control Signals
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T-ST

X X
READ FCORE r——1 WRITE
CURRENT |°°RE] X CURRENT
SOURCE ARRAY] Ip10oe! ® SOURCE

I [mMaTRIX]
_ ILINES, ' . -
° l I i i 1 l o o
X | s v X
switches { ® t—— — — @¢ DRIVERS
11-2979

Figure 4-4 Operation of Drivers and Switches



NOTE SWITCHES

A matrix this size would be + |RYSOO
used in a system having 16 Y

drive lines. The MJ11 16K stack
contains 128 Y drive lines on - | WYSOO

an 8 x 16 matrix.

+ A
Rysot DRIVERS

YNRD3 | -

B

E 23R X 13R A O3R

WYSO1 L
A A AP A
y

33w 23w L 13 03w
+ [Fvsos y 3 3 3 13w 1 I_—I"PW“ +
- |wysoe K 32R ik 22R | & 12rR | & 02R M-
I‘r‘l‘ 7S I;lll I;II‘
+ [ryso3 1{ 32w X 22w X 12w X o2w vewoz | +

YNRODt]| -

ARREEDAA

X 31R

pIryi
7”77

X 31w

R 21R X 1R X O1R

S S
L 21W Y Wik ]F 01w

ERERERE

B-o—bl

YPWD1 | +

£ 30R A 20R TNRDO] -

1 f 10R | & oOR
NUMBER OF CORES s P
2

A A
L 10w 3 oOw

" Q@0
31RE -
[T wriTE

TYPICAL JUNCTION

DEPENDS ON NUMBER 17z
OF WORDS AND WORD & 30W  F 20w
LENGTH

l—o—t

I

YPWDO | +

Y-AXIS 4x4 SECTION (16 LINES)

n-2982

Figure 4-5 Simplified Y Line Selection Stack Diode Matrix
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TO DECODER
Ef9

o
TIMING ——Q

+20V +20V
Y WRITE CURRENT Y READ CURRENT
GENERATOR GENERATOR
‘lL D132 .
ANTI
bIS OVERSHOOT
= CIRCUIT
POSITIVE TIMING POSITIVE D133
WRITE 17 D
DRIVER —d £ SWITCH RS0
YPWD7 ¥so7
¥ 047 =
<
¥ y Y OTack ) —1 -
ey - wWA—4 70 sTack
— OTHER LINES $+—VW—¢ CHARGE
._gg‘,s'é N 3 aan—] CIRCUIT
LINES WRITE
R d e o — — _{CURRENT
D43
L 4 b § y! 4 b 4
READ 1 2048 CORES
CURRENT |)
'° = =
v
NEGATIVE TO DECODER E28 ———4—0d NEGATIVE
£22 READ E14 WRITE
DRIVER TIMING ———————Q SWITCH
' YNRD 7 Yso7
i
1 NOTE: %
Refer to logic schemotic DRVA,DRVB
. 11-1784

Figure H-6 Typical Y Line Read/Write Switches and Drivers
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0 o 2 3 7 7 6 4
r—_’\__\r_—./\_ﬁ 4— 4— e e e, MAIN
23 22 21 17 14 “n_10_ 98 7 65 a4 32 ' MEMORY
BUS
lolololol ]ol |o|—[ ] I |1 t{e b |sfov 1)1 ]1}jo]1}{o]| o] aDbress

SUBTRACT
STARTING
ADDRESS

NORMALIZED ADDRESS 0 O O O 0 ©0 O O 1

\V

ololflalll|[|J:||[|T|I,Iol,f—\ncroz

0

INTERNAL BUS

[ololl ?l'.° 9|.|.|.[ |,|,|o|.|:.,|2§§ss

20/077/]

LOIITIIIII]! 1|0|l

I:lt]:'oltloccooe

STACK
SELECT —
1 X Y k2

swrrcu DRIVER SWITCH DRIVER

XS07 XNRD®7 YS07 XNRDOS

XPWDG7 YPWDOS
- ~ 7\ ~ J

WINDING WINDING
x93 Y79

11-2980

Figure 4-7 Example of Address Decoding (Non-interleaved)
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SINA SENSE STROBE 0

E403

SINA INH TIME
‘ 6 INHIBIT SENSE
E405 DRIVER TERMINATOR

E403

e

SINA POWER FAIL L J'

E402 o 1
L d SINA OUTPUT €407
- E404 ENABLE H

SINA CLK MDR O L~—CLK
CLR

SINA CLEAR O L

< INTERNAL BUS DATA LINES D (15:00)

Figure 4-8 Interconnection of Internal Bus, Data Register,
Sense Amplifier and Inhibit Driver

1-298l
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SENSE AMP INPUT

THRESHOLD __ _
FROM STACK

VOLTAGE

SENSE LINE
OUTPUT E40I1(6-7)

CLEAR MDR O L

SINA SENSE STROBE H

SENSE _AMP 0
OUTPUT -

E402 OUTPUT ' -—-

f 1
1
—o ————————————————————————
E404 OUTPUTS < o
1
10 .
ENABLE H -
)
E407 OUTPUT s
TO INTERNAL BUS 1

Figure 4-9 Sense Operation Timing Diagram

11-2983

15-6



ITHERMISTER | TEMPERATURE COMPENSATION  }

R4

AK 2

R7::

ON STACK NETWORK +5v
I I |
Rt
I | D14 R1SS RI14S RI3
I ] |
:—— —— WS We W7
1 1
| RS
I AN
i R11S
i
: R12T’
|
-5V

NOTE:
Retfer 1o logic schematic DRVA

DRVA DRIVE
HIGH MARGIN

DRVC STK SEL
PWR OK H

DRVC READ TIME H

> >
RS% R1S

|
l
]
]
l
1
}
|
|
| AN2
l
|
l
J

AU1
DRVA DRIVE
LOW. MARGIN

=D
]

[ VWA
<
S
b:

W

R3

TRANSIENT

0214

A

BIAS CURRENT
TO OTHER CURRENT

GENERATORS

su»nsssnoul 3)e (2 o

r._.'_
|

] o130

I o
| reo

ANTI-
I OVERSHOOTI

SR

Figure U4-10 Bias Current Supply and Read X Current Generator

TO READ
SWITCHES

H-1787
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. V
12 Q401 & 2 _l_
e L8t = c420
6 g oTa02 D410 - I
L ©

—r————_—_———_—_————
l INHIBIT CIRCUITRY |
I 1 SIN A SENSE
0403 & - STROBE O H
| e S
€401 E401
I | T E401 |
i ! T 7171 10
I I S | TEST POINT
I " jea0e
= I R401
l W—I R403 gNa v
" THRESHOLD
l R409 R402
0407 c407 l
l o Al i BIAS
b 7 " T403
8 ‘
I r a0 7.| | (SATURATING .
401 TRANSFORMER)
1 VR 5~ 10 b I
] et

I

+5 I n-17ee

Figure 4-11

Sense Amplifier and Inhibit Driver
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ST CHG H

NOTE:
Refer to logic schematic STKA

+20V +5v

c2 D62
L R33
READ
SWITCH
(G235)
Vo
" \\—e g
/ - c
| ==
WRITE 1
SWITCH
(G235)
— A— )
"~ \\N—
. TO ALL OTHER READ/WRITE
‘o e fswnrcu PAIR JUNCTIONS
1 e IN X AND Y AXES
= H
®
v o+ |

Figure 4-13 Stack Charge Circuits

11-2984
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