Central Processor
1.1 Introduction

The Central Processor (CP) controls the high-speed [/O devices and the main memory of the
Dandelion. It provides short-latency memory access and ALU service for the integral 1/0
controllers and can cmulate the Mesa Processor as defined by the Mesa Processor Principles of
Operation. It is composed of about 160 standard chips and resides entirely on one 11" by 17"
printed circuit card located in slot 3.

This chapter presents at the hardware structures of the Central Processor and its interfaces with the
rest of the Dandelion. Another manual, the Dandelion Microcode Reference (DMR), presents the

assembler microcode format and is intermixed with hardware details and examples.!

The CP is a microprogrammed, 16-bit general-purpose computer. The microcode control store can
hold up to 4096 48-bit microinstructions® and can be read or written by the low-speed Input/Output

Processor (IOP). Each microinstruction is decoded and executed in 137 nanoseconds, a cycle All
microinstruction operations are completed in one cycle; instruction execution is not pipelined over
several cycles, except that while one is being executed its successor is being read from the
microstore.

Cycles are grouped into clicks, where one click equals three successive cvcles labeled ¢1, ¢2, and

¢3. Cycles are always enumerated in order ¢1. ¢2, ¢3, and then ¢1 again.* This sequence is never
interrupted or altered; accordingly, both targets of a two-way branch must be specified with the
same cycle number. (Strictly speaking, this is necessary only if the target microinstructions contain
cvcle-dependent operations.) The microcoder’s task of aligning instructions so that they execute in
successive cycles is a necessary outcome of the fixed-tasking, click structure. Moreover, when one
desires code which is speed optimized, this structure usually requires the elimination of three
microinstructions instcad of one.

While the three microinstructions of a click are cxeccuting, a memory read or write can be
performed: the address is sent to the memory in ¢1, a single data word may be sent during ¢2.
and data is returned from memory in ¢3. A memory operation can only be initiated in cycle 1.

Clicks are grouped into rounds: five successive clicks (numbered 0..4) comprise a round, which is
two microseconds in duration. Each click of a round is permanently allocated to one or more of the
[/O controllers. If an I/O controller does not request the service of its correspondent rask
microcode, the Emulator-microcode task runs during that click instead of the device-microcode task.
When there is a transition between tasks, the hardware preserves the outgoing task’s microprogram
counter and restores when it runs again.

The click is a basic microcode time unit: devices and the Emulator are serviced in units of clicks
and the microcode can transfer exactly one memory word in this time. Since a click is 411
nanoseconds in duration, -the maximum bandwidth available through a CP’s click is 7.8 mbits/s.

The CP is implemented using four 2901 bit-slice chips plus external memories and registers. The
2901 provides 17 registers readily accessible to the microcoder, the usual logical and arithmetic
functions, and single bit shifting.

Available to the microprogrammer and external to the 2901 are four register sets (U, RH, 1B, and
Link), a four-bit rotator, the 170 registers and memory, and four Emulator registers (stackP, ibPtr,
pc16, and Mint). There are no task specific registers: all registers can be addressed by all tasks.



1.2 Microinstruction Format

The microinstruction format strikes a balance between some naturally opposing structures: control
store width versus control store size. encoding schemes versus decoding hardware constraints, and
coverage of all possible data operations versus exclusion of impracticable operations. The format
was designed with the goal that frequently applied operations are encoded in the least number of
bits. Furthermore, it was designed so that the most important Mesa Emulator and 170 operations
execute in one click. The format is illustrated and summarized in Figure 1.

A 48-bit microinstruction has three major parts: 2901-control bits, miscellaneous functions, and a
"goto"-address field. The field names are abbreviated as:

rA, rB R registers A and B

aS, aF, aD ALU source address, function, destination address
ep even parity

Cin 2901 carry input

enSU enable stack/U registers

mem memory operation

S function ficlds selector

X, fY, fZ function fields X, Y, and Z

INIA intermediate next instruction address.

The 2901-control bits occupy the first word: rA, rB, aS. aF, and aD. The "goto" address. INIA,
utilizes 12 bits. INIA is a control-store-destination address unless condition bits, specified by the
previous microinstruction, are or'd into it, resulting in a branch or dispatch. Thus, every
microinstruction is a potential jump instruction.

The S field is broken into two subficlds: fS[0-1] and fS[2-3]. These control the deciphering of
the fY and fZ fields. respectively. Both the fY and fZ fields have four possible enumerations as
defined by fS:

The fY ficld can. depending on fS[0-1]: (1) name a branch or multi-way dispatch. (2) specify a
miscellaneous function, (3) name an 170 register to be loaded. or (4) cqual the high nibble of an 8-
bit constant. These four functions arc called DispBr, fYNorm, 100ut, and Byte.

The fZ field can (1) enumerate a miscellaneous function, (2) cqual a 4-bit constant, (3) be the low
half of a U register address, or (4) name an 170 register to be read. These four classes are
abbreviated fYNorm, Nibble, Uaddr, and 1OXIn, respectively.
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rA 2901 A reg addr, U addr [0-3]
B 2901 Breg addr, RH addr
asS 2901 alu Source operand pair
aF 2901 alu Function
aD 2901 alu Destination/shift control
ep Even Parity
Cin 2901 Carry In, Shift Ends, writeSU (if enSU = 1)
enSU enable SU reg file
mem MAR« (if ¢1), MDR« (if c2), «MD (if c3)
S Function field Selector
X X Function
fy Y Function
fZ Z Function
INIA Next Instruction Address
as. RS aF. ___F .. sh.aD  RIBle Qe Ybuse_
0 A.Q 0 R+ 8 + Cin 0 no write F F
1 A.B 1 S= R — Cin 1 no write no write F
2 0.Q 2 R— S8 — Cin 2 F no write A
3 0.B 3 Ror8 3 F no write F
4 0 A 4 Rand 8 4 F/2 Q/2 F
5 D.A 5 ~Rand S 5 F/2 no write F
6 D.Q 6 Rxor 8 6 2F 2Q F
7 D.0 7 ~Rxor S 7 2F no write F
sh « (fX = shift) OR (fX = cycle) OR (fY = cycle)
0 DispBr 0 fZNorm 0..stackP
1 fYNorm 1 Nibble 0..stackP
2 100ut 2 Uaddr[4-7) rAdZ | rALY[12-15]*  IF 1Z = AlUaddr*
3 Byte 3 10XIn rAfZ | rALY[12.15]7  IF fZ = AltUaddr®
* as exccuted by previous u-instr
X {XNorm . 1Y fYNorm DispBr 1QOut . 1Z fZNorm 1OXin ..
0 pCall/Ret0 0  Exitkern NegBr IOPOData« 0 Refresh «ElData
1 pCall/Ret1 1 EnterKernel ZeroBr IOPCtle 1 IBPtre1 «EStatus
2 pCall/Ret2 2 CirlntErr NZeroBr KQOData« 2 IBPir<0 «KlData
3 pCall/Ret3 3 IBDisp MesalntBr KCtl« 3 Cinepc16 «KStatus
4  pCall/Retd 4 MesalntRq PgCarryBr EQData« —% 4 Banke KStrobe
5 pCall/Rets 5  stackPe CarryBr EiCtl« 5 pop «MStatus
6 pCall/Ret6 6 1B« XRefBr DCtIFifo« 6 push «KTest
7  pCall/Ret7 7  cycle NibCarryBr DCtle 7 AltUaddr EStrobe
8 Noop 8 Noop XDisp DBorder« 8 Noop «|0OPIData
9 RHe 9 Mape YDisp PCtle e] «IOPStatus
A shift A Refresh XC2npcDisp MCtl« A «ErrniBnStkp
B cycle B push YIODisp «TStatus B «RH
C Cinepct6 C CirDPRq XwdDisp EOCtI« C LRot0 «ibNA
D Mape D XHDisp KCmd« D LRot12 «ib
E pop E CirRefRg XLDisp «TiData E LRot8 «ibLow
F  push F  CirkFlags PgCrOvDisp POData« F  LRot4 «ibHigh

pCall when NIA[7] = 0.

Equivalent names: XDirtyDisp = XLDisp;

pRet when NIA[7] = 1.

EtherDisp = YIODisp; TAddr« = CIrDPRq; TCti« = PCtl«;

Figure 1. Dandelion CP Microinstruction Format

TOData« = POData«




1.3 Registers and Data Paths

Figure 2 illustrates the registers and data paths layout for the CP. The arca inside the dashed lines
represents the internal components of the 2001 ALU. The Y bus corresponds to the Y output of
the 2901 and the X bus is connected to the 2001 D input. Both the X and Y buses are available on
the backplane.

1.31 R & Q Registers and 2901 Data Paths

Referring to Figure 2, there is a 16-word, two-port register file called the R registers. One of the
output ports is labeled A and the other B. These arc the "fast” registers of the CP and can be used
to hold temporaries, memory data and addresses, and arithmetic operands.

Every cycle, the contents of the R register given by the register-A (rA) field of the microinstruction
is available at the A port, and likewise for the B port. If rA=rB, then the same data appears at
both ports.

If the alu-Destination (aD) field specifies a write back into an R register, the rB field specifies
which one: at the end of the cycle, register B is written with the ALU output (named F) or it is
written with F shifted one bit

The Q register holds 16 bits which can be written with the ALU output or its old value single-bit
shifted left or right. It is implicitly referenced by the aS ficld of the microinstruction and can be
used for double-word shifting.

The 2901 arithmetic unit has three inputs: R, S and Carryin (Cin). The R input can be set to the
output of the A port, the value of the X bus. or zero. The S input can be driven by the output of
the A or B ports, the value of the Q register, or zero. Cin can be cither O or 1, or the value of the
single-bit Emulator register pci16.

The 2901 can perform three arithmetic and five logical operations as specified by the alu-Function
(aF) field. Arithmetic follows the two's-complement conventions, Three of the logical operations
are symmetrical with respect to R and S: logical or, and, and xor. The remaining two logical
operations complement R: ~R xor S and ~R and S.

Figure 3 shows a matrix of ALU computations as a function of possible aS and aF values. From
the table it is clear there are many possible ways to gencrate zero within the ALU. All one’s
(OFFFF) is easily produced for some functions if rA=rB.
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Figure 2. Dandelion CP Data Paths
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rA=rB = R

£ o aS [(AQ) (A.B) 0.Q) 0,B) (0.A) (D,A) (D,Q) (D,0) (A.B)
al in |
0 A+Q A+B Q B A X+A X+Q X 2R
R+S 14|l A+Q+1  A+B+1  Q+1 B+1 A+1 X+A+1  X+Q+1  X+1 2R +1
sr [0]] QA1 B-A-1 Q-1 B-1 A-1 A-X-1 Q-X-1 -X-1 -1
1 Q-A B-A Q B A A-X Q-X -X 0
rs |0 AQ-1 A-B-1 -Q-1 -B-1 -A-1 X-A-1 X-Q-1 X-1 -1
L A-Q B-A -Q -8 -A X-A X-Q X 0
RorS AorQ AorB Q B A XorA XorQ X R
Rand S Aand Q AandB 0 0 0 Xand A Xahd Q 0 R
o ~Rand S ~AandQ ~AandB Q B A ~XandA ~XandQ 0 0
R xor S AxorQ A xorB Q B A X xor A Xxor Q X 0
~R xor S ~AxorQ ~AxorB ~Q ~B ~A ~X xor A ~XxorQ ~X -1
Axor ~Q A xor ~B X xor ~A X xor ~Q

Figure 3. ALU Operations as a function of aS, aF, and Cin.




The F output of the ALU can be written into an R register, loaded into the Q register, or placed
onto the Y bus. Although the F output is normally placed onto the Y bus, it is possible to route
output-port A of the R register file onto the Y bus. This mode is called A-bypass or "A-pass-
around."

The two-bit alu-Destination (aD) field, in combination with a one-bit value called sh, specifies
whether R or Q are written and whether F or A-bypass is placed on the Y bus. The sh ficld i
defined by certain functions of the microinstruction word (see Figure 1 for sh’s definition). In
general, when sh = 1 the F output is shifted one bit position before being written back into R or
Q. This is accomplished inside the 2901 by 3-input multiplexers at the inputs to R and Q. What is
shifted into the ends of R or Q dectermines the type of shift.

When sh concatenated with aD (sh,,aD) equals 001, neither an R register nor Q are written. This
may be desired when writing an external register or when comparing two quantities. When sh,,aD
= 000, Q is loaded with the ALU output. When equal to 010 or 011, an R register is loaded with
the ALU output. The Y bus gets the ALU output in all cases except when sh,,aD = 010, where it
receives the A-bypass value. Two general rules; When A-bypass is utilized an R register must be
written and it is not possible to simultaneously write R and Q with F.

When sh =1, a single-bit shifting operation is performed on the ALU output and/or Q. There are
two major types of shift operations (Figure 4): a double-word shift of F,,Q and a single-word shift
of F alone. These two types of shifting, combined with the two directions, are named by the four
values of aD when sh='1.

For single-word shifts, the Q register is unaffected and the R register gets twice or half of the ALU
output. The end of F which is vacated by the shift operation is replaced by Cin or the bit shifted
out of the opposite side of F (a single bit cycle).

For double-word shifts, both the ALU output and the Q register arc shifted together. The low-
order bit of the ALU output is "connected” with the high-order Q bit to form a 32-bit quantity.
The high-order bit of F which is vacated by a right double shift can be written with Cin or the
Carryout (Cout) of the current ALU computation. Similarly. the low end of Q is written with the
complement of Cin (~Cin) if the shift direction is left. Note that the high bit of Q is written with
the complement of the low bit of F. A general rule:  Shift inputs into Q are complemented.

In summary, the following 2901 related restrictions apply: (1) When A-bypass is utilized an R
register must be written, (2) it is not possible to simultancously load R and Q, and (3) A-bypass
cannot be used with single bit shifts or when loading Q.



xShiftl:

xRotl:

DAxShiftl:

DxShiftl:
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function aD fX or fY
RShift1 1 shift
LShift1 3 shift
RRot1 1 cycle
LRot1 3 cycle
DARSHhift1 0 shift
DALShift1 2 shift
DLShift1 0 cycle
DRShift1 2 cycle

Figure 4. CP Single-Bit Shifting



1.3.2 External 2901 Data Paths

There are two major 16-bit data buses external to the 2901: the X bus and Y bus. Both are
present on the backplane: however, they are not general purpose, bidirectional buses. The YH bus,
an 8-bit extension of the Y bus, is used for memory addressing.

‘The Y bus is driven only by the Y output of the 2901, It can be used to supply a memory address,
memory data, U register data, or device output data.

The X bus is the major system bus and is connected to multiple drivers and multiple receivers.® X
bus sinks are: the D input of the 2901, the RH registers, the Instruction Buffer (IB), and controller
output registers. X bus sources are: the U registers, RH registers, the IB, constants, memory data,
and controller input registers. The 1B, RH, and controller output registers receive data from the X
bus so that they can be loaded direcily from memory in one cycle.

Data can be passed from the Y bus to the X bus via a 4-bit rotator, called LRotn. Data can be
rotated zero, four, cight, or twelve positions to the left, as specified by the fZ field. A zero rotation
allows Y bus data to be placed unaffected onto the X bus; for example, when loading controller
output registers from the ALU output,

Fight- or four-bit constants can be placed onto the X bus directly from the fY and/or fZ fields.
The upper 8 or 12 bits of the X bus arc set to zcro.

The following table lists the registers which are addressable by the CP and which buses they are
attached to:

Register inputs from Register outputs to
MAR « YH,Y «MD X Memory
Map« YH, Y
B« X «ib, «ibNA X Instruction Buffer

«ibLow. «ibHigh X[12-15]

~ibPtr X[10-11]
RH« X[8-15] <RH X[8-15]
Ue Y «U X
stackP« Y[12-15] ~stackP X[12-15]
MDR« Y EKErr X[8-9]
MCtl« Y «MStatus X Memory
KOData<« X «KlData X Rigid Disk
EOData« X +EiData X Ethernet
POData«/TOData«¢ X «TiData X LSEP/MagTape
IOPOData« X «|OPIData X IOP
KCtl« X «KStatus X Rigid Disk
KCmd« X «KTest X Rigid Disk
EICt« X «EStatus X Ethernet
EOCtl« X
IOPCtl« X «|0PStatus X IOP
DCtl« X Display
DBorder« Y
DCtlFifo« Y
PCtl«/TCtl« X « TStatus X LSEP/MagTape
TAddr« X



1.3.3 U Registers

A 256-word register file, called the U registers, can be written from the Y bus and read onto the X
bus. These 16-bit general purpose, “slow™ registers are used to hold a 16-word stack, virtual page
addresses, temporaries, counters, and constants.

With respect to accessibility, U registers are situated between main memory and the R registers:
they cannot be both read and written in the same cycle, nor can they be used as an operand or
destination register in 16-bit ALU arithmetic.

As illustrated below, there are three ways to form an 8-bit U register address: normal, stack-pointer,
and alternate.

0 3 4 7
I rA I fZ J Normal

I 0 I stackP I stackPointer
[ rA | Y[12-15] ! Alternate

Figure 5. U Register Addressing Modes

In the normal mode. truc when fS[2] = 1. the U register address is defined by the concatenation of

the rA and {Z microinstruction fields. This sharing of the rA ficld between R and U register
addresses has several implications. In gencral. a U register can be loaded into any R register since
the rB ficld defines the write address. However. an arbitrary U register and an arbitrary R register
cannot both be ALU operands unless the upper four bits of the U register address equal the R
register address. This addressing mechanism partitions the U registers into sixtcen 16-word banks
where, in one cycle, a banks U register can only be combined with the bank’s corresponding R
register.

In the stack-pointer addressing mode, used when fS[2] =0, the U register is selected by the 4-bit
stackPointer register (stackP) from the low bank; that is, the address is 0,,stackP. The stackP is
not explicitly modified with this addressing mode and if the microinstruction also executes a pop or
push function, the premodified stackP is used to access the U register.

The alternate mode provides indirect addressing and is used when {S[2] =1 and fZ = AltUaddr for
the previously executed microinstruction. In this mode, the low nibble of the U address equals the
least significant Y bus nibble for the previously executed microinstruction--the same one that did the
AltUaddr. Thus, instead of rA,fZ, the U address is rA, Y[12-15].

While reading or writing U registers, the fZ field can specify both a U register address and another
function. Specifically, when {S[2-3] = 8, fZ can take on IOXIn values. This is commonly used to
read an RH register or the IB while simultaneously writing a U register. When the stackPointer
addressing mode is used, the fZ field is free to be interpreted as either fZNorm or a Nibble.

The U registers are also controlled by two other microinstruction fields: enSU and Cin. The enSU
bit is 1 for any cycle which either reads or writes a U register. Cin must be 1 if written, and O if
read. Thus, if a U register is written and the ALU function is addition or subtraction, these
computations execute with Cin=1. Note that normal two’s complement subtraction implies Cin=1.

10



1.3.4 RH Registers

Located on the X bus is the 16 by 8-bit RH register file, an extension of the R registers. The
principle application of this small memory is to hold the highest-order memory address bits.
Moreover, it can be utilized as general-purpose storage: flags, counters, temporaries, and
subroutine recturn pointers (sce DMR).

The RH registers are addressed by the rB field, and, since this ficld names the R register to be
written, an RH register can only be written into its corresponding R register (or the Q register).

Like the U registers, they cannot be both read and written in the same cycle. An RH register is
written from the low byte of the X bus when fX = RHe¢ and is read onto X[8-15] when fZ =
«RH. Whenever it is read onto the X bus, the high half of the bus is set to zero.

Every cycle, the 8-bit YH bus is driven with the value of the addressed RH register, thereby
supplying the high order memory address bits to the Memory Control card. However, these bits are
only used by the memory if a MAR<« or Mape« is specified. As a corollary to the rule that RH
registers cannot be simultaneously read and written, an RH register cannot be loaded if the
microinstruction also exccutes a MAR<« or Mape«.

1.3.5 Instruction Buffer

The Instruction Buffer (IB) was designed to hold up to three Emulator macroinstructions or data
bytes. It is used in a first-in, first-out manner. Data loaded into the IB from the X bus can be read
back onto the X bus or be used to define a 256-way dispatch in control store. The IB is loaded by
special Emulator "refill microcode (sec. 1.6.4) while the actual control of the registers is
accomplished by a hardware state machinc.

The IB is maintained by the Emulator in a way that guarantces all macroinstructions will find
necessary code segment operands there. Furthermore, the 1B is where the 256-way dispatch is made
on the next macroinstruction to be executed. This dispatch (IBDisp) occurs in ¢2 so that the next
macroinstruction begins in cl. thereby adjoining the previous one.  However, when IBDisp is
exccuted and the buffer is not full, a microcode trap occurs and the refill microcode loads the
buffer with more byvtes from memory. If an IBDisp is exccuted and there is a pending interrupt
(Mint = 1), special interrupt trap (I1B-Refill) microcode runs instead of the refill microcode. Since
the IB is so small, IBDisp’s frequently trap; however, since the {B-Refill trap runs at memory speed,
this scheme of supplying operand bytes to the macroinstructions is very efficient.

This scheme is efficient from both memory bandwidth and page-fault handling perspectives. In the
former case, macroinstructions would otherwise have to call an operand-feiching subroutine, which
would waste time becoming cycle aligned. In the latter case, macroinstructions need not worry
about a page fault from the code segment. (The occurrence of a code segment page fault can add
major complications to the implementation of macroinstructions since the microcode must, before
processing the fault, restore the Mesa machine state to its value at the beginning of the instruction.)
The IB insures that macroinstructions can always find code segment arguments present in the 1B, In
this sense, the IB is more like an operand data buffer than an instruction buffer,

The minimum number of bytes in the buffer required to prevent a IB-Refill trap is three (the
maximum size of a Mesa macroinstruction) and they only occur between the execution of
macroinstructions. The refill code completes in one click if the buffer requires two bytes and in
two clicks for four. Because the buffer is small, the only codebytes which do not result in an IB-
Refill trap are single-byte opcodes executed from cven memory locations.

The instruction buffer itself consists of three 8-bit registers, called IB[0], IB[1], and ibFront. {B[0]
holds the even code segment byte and IB[1] the odd. The bytes are shuffled through ibFront in
even/odd, sequential order. There are four states which enumerate the location of data bytes
among the holding registers. These states are indicated by the 2-bit register, ibPtr, and are defined
below. The following diagram shows the four 1B states (the cross-hatching indicates the position of
the data bytes):

11



1B[0] 1B[1]
V777718 VITIITA

V7777777
ibFront

ibPtr = full

There are a total of 8 microinstruction functions which effect the IB.
maintain the original even/odd byte ordering while updating ibPtr and ibFront.
table lists the functions and their effect on ibPtr, ibFront, and the X bus.

state name

Jull 3
word 2
byte 1
empty 0

1 Wi
/777777

ibPtr = word

bytes in 1B

o
-
-t

L ] L1
/777777

ibPtr = byte

Figure 6. Instruction Buffer States
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ibPtr = empty

In general, the functions

The following

A discussion of the table

follows, except that IB dispatches and IB-Refill traps are presented in sections 1.5.2 & 1.5.5.1.

function
. «ib

«ibNA
«ibHigh
«ibLow
IBDisp
Always!BDisp
1B«

IB«, IBPtre1
IBPtr<0

IBPtre1
«ErmIBnStkp

new ibPtr
ibPtr-1

unchanged

unchanged

unchanged

ibPtr-1

ibPtr-1

IF empty THEN word
ELSE full

IF empty THEN byte
ELSE full

word

byte

unchanged

new ibFront

IF ibPtr[1] = 0 THEN 1B[0]
F1SE 1B[1]

unchanged

unchanged

unchanged

IB[ibPtr[1]]

IB[ibPtr[1]]

IF ibPtr = empty THEN X[0-7]
ELSE unchanged

IF ibPtr = empty THEN X[8-15]
ELSE unchanged

IB[0]

1B[1]

unchanged

Figure 7. Effects of IB-related Functions

X bus «
0,,ibFront

0,,ibFront
0,,ibFront[0-3]
0,,ibFront[4-7]
unaffected
unaffected
unaffected

unaffected

unaffected
unaffected

X[10-11]¢ ~ibPtr



The IB is loaded from the X bus: the high-order, cven byte is written into IB[0] and the low-order,
odd byte into IB[1]. If the buffer is empty, then the X bus byte passes through 1B[0] or IB[1] and
is loaded directly into ibFront in one cycle: thus, the data can be used immediately in the cycle
following the IB load.

The default 1B write operation is that ibFront is written with X[0-7]. However, if IBPtre1 is
coincident with IB«, then ibFront is written with X[8-15] instead, thereby throwing away the even
data byte. If there are one or two bytes in the buffer, then IB[0] and IB[1] are loaded and there is
no feed through into ibFront.

ibFront can be read onto the X bus; when the microcoder specifies an «ib or «ibNA, ibFront is
placed onto X[8-15] and the high byte of the X bus is set to zero.

There are several variations to this basic read. With the «ibHigh function, ibFront[0-3] is placed
onto X[12-15]. Analogously, «ibLow places ibFront[4-7] onto X[12-15]. In both cases the upper
12 bits of the X bus are set to zero.

When «ib is executed, a funneling process occurs: ibFront is loaded with the next byte from either
IB[O] or IB[1] and ibPtr is "decremented” by one. ibPtr is gray code decremented: 2. 3, 1. and
then 0. Thus, the low order bit of ibPtr divides the values of ibPtr into two classes with respect to
refill: empty and not empty. (This scheme equates the empty and full states, but note that the
buffer is not full when the IB-Refill trap occurs.)

Several of the microcode functions have no effect on the state of the buffer: The «ibNA function
(used to read the 1B without advancing ibPtr), «ibHigh. and +ibLow do no change ibPtr. Also,
like the RH and U registers, it is not possible to rcad and write IB simultanecously: hence, the
combination of IB« and «ib in the same cycle does nothing.

The functions IBPtr«0 and IBPtr<1, when autonomously used. merely load ibFront from IB[0] or
IB[1]. respectively.  They typically occur in the cycle after the 1B has been loaded with a jump-
target codebyte. thereby selecting the even or odd destination opcode.

The complement of ibPtr can be rcad onto X[12-13] with the «ErrniBnStkp function.



1.3.6 stackP Register

The 4-bit stack pointer, stackP, is used to address one location from U register bank 0 (Sec. 1.3.3)
and can be incremented or decremented independently of the 2901. The pop function decrements
and the push function increments the stackP at the end of a cycle, performed modulo 16. Unlike
the U and RH registers, the stackP can be read and written in the same cycle.

The stackP can be loaded from Y[12-15] with an fY function. However, one cycle must intercede
between a stackP+« and a microinstruction which uses the stack-pointer addressing mode and
expects the new value. A pop or push can be used in the intervening instruction and appropriately
modifies the value loaded.

The pop and push functions have been sprinkled throughout the microinstruction function fields to
ameliorate the checking of stack overflow or underflow. The push function occurs in all three
function fields while pop is in X and fZ. An outcome of this arrangement is that when push is
specified in the same microinstruction as pop, the stackP does not change: it does not matter how
many pop's or push’s there are, as long as there are both, the stackP is unaffected. Also, multiple
pops or pushs in the same instruction do not decrement or increment the stackP by more than
one. Multiple pop and push functions are used to check for stack overflow or underflow (sec.
1.5.5.2).

1.3.7 pc16 Register

The pc16 register is designed to scrve as a low-order, 1-bit extension of an R register; namely, the
R register which holds the Emulator’s macroprogram counter (PC). That is, pc16 can be used as
the byte index of a PC memory address.

If £X or fZ is Cin«pc16, the pc16 bit becomes the carry input of the 2901 and pc16 is inverted at
the conclusion of the cycle. Thus, Cinepc186, in combination with ALLU addition and subtraction,
properly adjusts the 17-bit byte program counter PC,pc16  (Sce DA[R).

Since Cin is also the shift ends (Sec. 1.3.1). Cinepc16 can be used to shift pc16 into the low-order
bit of an R register in one cycle, thereby reconstructing a word program counter in an R register.

Due to the hardware implementation of the carry input, when the Cin field of the microinstruction
is 0, the fX version of Cinepc16 must be used. If Cin=1, then cither the fX or fZ version of
Cinepc16 can be specified.
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1.4 Main Memory Interface

This section discusses the interface between the CP and the memory system. As outlined carlicr, a
memory address is sent to the Memory Controller in ¢1, any data to be written is sent during ¢2,
and returning data is available in ¢3. Every click is a potential memory operation: if the Emulator
kept the memory 100% busy and there were no 170, it would have available up to 2.4 megawords/s
(38 mbits/s) of bandwidth.

The memory system accepts two types of addresses: real or virtual. Real references result in a read
or write to the addressed location itself. Virtual references cause the memory system to ignore the
low byte of the address and then, using the remaining 16 bits, read or write the Map, located at real
address 10000 hex.

For both reference types, when the mem field is set in ¢2 a write occurs (MDR«) and when set in
c3 a read occurs («MD). If both a read and write are specified in the same click, the original value
is returned and then the location is overwritten. Furthermore, if a click specifies a MDR« or «MD
without a corresponding MAR« then memory is not written and a potential memory Error trap
does not occur.

As outlined in section x.xx, the memory system is available in a variety of sizes: real address size
from 192K to 768K words and virtual address size from 4 to 16 megawords. This section assumes
the maximum of both ranges: 20-bit real addresses and 24-bit virtual addresses.

1.41 Real Address References

When the mem bit is true in cycle 1, a real reference is caused. The microcoder specifies a real
reference by using the MAR« macro in ¢1. The memory address is sent to the Memory Control
card on the YH and Y buses. The Y bus can be driven from cither the 2901°s F bus or A-bypass;
hence addresses can be either pre or postmodified. The YH bus, which supplies the high-order
address bits, is always driven by the RH register addressed by rB. Furthermore, YH[0-3] arc
ignored by the memory,

Sceveral. important things happen with a MAR«: the 2901 is divided such that the high half
exccutes a fixed function, a special "address-overflow" branch is enabled, and an MDR<« or IBDisp
in the next cycle is canceled if the branch is taken. Morcover, if a MAR« is executed with YH[4-7]
= 0 and the display controller is enabled and actually transférring bits to the monitor, then the
click is suspended (See sec. 1.5.6.5).

MAR<« Effect: Split 2901

[f mem=1 in c1, the 2901 is divided such that the high half executes with its a8 and aF inputs
cqual to (0,B) and (aF or 3), while the low half executes the aS and aF values given by the
microinstruction. This causes the high byte of the ALU output to equal the high byte of the R
register addressed by rB (or its complement if aF is in [4..7]). Thus, assuming the Y bus is driven
from the F bus, the 20-bit real address is rhB[4-7],,rB[0-7],,F[8-15].

However, if A-bypass is specified, the lowest 16 address bits come from the R register addressed by
rA.  Hence, the 20-bit real address is rhB[4-7],,rA[0-15].

An outcome of this bipartition is that a carry out from the low half does not propagate into the
high half: the high byte of rB remains unchanged after a MAR« (unless aF is in [4..7]), even if A-
bypass is utilized.

The real address modes are illustrated below. In summary, if A-bypass is not used, the upper 12
bits of the memory address (the page address) come from the RH/R pair named by the rB field,
while the lower 8 bits (the page displacement) are defined by the desired ALU operation. This
feature can be used to combine the real-page number, as read from the Map in the previous cycle,
with a displacement into the page.
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4 7 0 7 8 15

I th] l rB[0-7] [ F[8-15] J Normal
YH bus Y bus

[ hB I | rA[0-15] J A-bypass

Figure 8. MAR Address Types

MARe« Effect: pageCross Branch

The second effect of a MAR« is that it automatically specifics a pageCross branch: 1 is ord into
INIA[10] if the ALU operation results in a carry out from the low half. Thus, although the carry
out from the low byte does not propagate into the high byte, as discussed above, it can be detected
as a transfer of control. A truc pageCross branch can imply that the real address is invalid and
that a remapping of the virtual address which originally generated it is necessary. Since pageCross
is not ord into INIA[11]. other simple branches can be concurrently specified.

pageCross is defined to be (pageCarry xor aF[2]), where pageCarry is the carry out from the low
2901 byte. The xor has the effect of toggling pageCarry when doing subtraction while pageCross
cquals pageCarry when doing addition. The aF = (R-S) form of subtraction does not cause
pageCarrty to be inverted since aF[2] = 0: however, the aF = (R-S) form covers the most
common subtraction requirements. Sce the DMR.

A complication of the MAR« automatic pageCross branch is that pageCross can indeed equal 1
if the 2901 cxccutes a logical. instcad of an arithmetic. function. See the DAMR.

MAR<« Effect: Cancelation of c2 Functions

The third effect is that if pageCross = 1 during a MAR«, then a following MDR<«, IBDisp, or
Always!|BDisp in ¢2 is ignored. This mechanism can be used to prevent writing into the wrong
page or dispatching on the next Emulator instruction when the corresponding virtual address should
be remapped. This effect increases the need to avoid logic functions during a MAR«. See the
DMR.
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1.4.2 Virtual Address References

When cither the fX or fY fields equal Map<« in cycle 1, a memory reference to the virtual-to-real,
page-translation Map is caused. The Map is a table whose first entry is at location 10000 hex, just
after the display bank. During a Map reference, the memory system uses the upper 16 bits of the
virtual address (14 bits in the case of a 22-bit virtual address) to index into the table. Each entry of
the table contains a 12-bit real-page number and four flags pertaining to the virtual page.
Currently, a 16K table is used by the Emulator. Figure 10 illustrates the process.

The virtual address is made available to the Memory Control card on the YH and Y buses. The
low byte of the Y bus is ignored and, unlike MAR«, there are no ALU side effects. Since the Y
bus can be driven from cither the 2901’s F bus or A-bypass, addresses can be ecither pre or
postmodified:

YHbus ‘ Y bus
[ rhB ] | F[0-15) J Normal
0 7 0 15
| B J l rA[0-15] I A-bypass

Figure 9. Map Address Types

For 24-bit virtual references, all of the YH bus is used. However, with carly versions of the CP,
which assumed a maximum 22-bit virtual address. if either YH[O] or YH[1] are 1, an Error trap
resulted.

The following figure shows the format of a Map entry. Sce the DMR for a description of how the
referenced, dirty, and present Map flag bits arc maintained. =~

The mem field should not be sct in ¢1 along with a Map+« unless MAR«’s side effects are cxplicitly
desired. Morcover, if YH[4-7] = 0, such clicks will be suspended due to display bank contention.



YH bus Y bus
0 2 7 0 7 15
N \ J
~"
virtualPage
Map
13FFF
ik
location within page
10000 J (not mapped)
0 3Yy4 70 Y 7 y 15
| dp‘ w I d I rp rp[0-3] J I rp[4-11] I J
RH register R register
Figure 10. Virtual to Real Address Mapping
rp[4-11] I dp I w l d | P I rp[0-3] J
0 7 8 9 10 11 12 15

rp[0-11] Real Page Number

dp Dirty & Present flag

w Write Protect flag

d Dirty flag

p Referenced & Present flag

Figure 11. Map Entry Format
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1.5 CP Control Architecture

This chapter discusses the algorithms used for controlling the execution of microinstructions and the
interface between the IOP and the CP. Figure 12 is a block diagram of the control paths and
registers.

As presented in the introduction, cycles are illimitably executed c¢1, ¢2, and ¢3. Every cycle, one
microinstruction is decoded and executed while the next is being read from the control store (except
in those clicks which have been suspended due to display bank contention). Since a device task
does not execute in consecutive clicks, there is hardware to save the microprogram counter of each
task while it is not running.

We first look at branching, dispatching, the Link registers, and the Error traps, as they can be
described without reference to the tasking structure.

1.5.1 Conditional Branching and Dispatching

Every microinstruction can potentially branch: during cach cycle, condition bits specified by the
executing microinstruction are or'd into the next instruction’s "goto"-address field (INIA) being read
from control store. At the end of the cycle, this results in an address (NIA) which is used to read
the next microinstruction. If the executing microinstruction does not specify a branch function,
then 0 is ord into INIA and. accordingly, a branch does not occur. When a microinstruction
specifies a dispatch function, up-to-four bits are or'd into the INIA field; selecting one of up-to-
sixteen target microinstructions. (The maximum of four dispatch bits was chosen in order to
minimize the number which must be saved between task switches.)

Thus, all branches and dispatches take two cycles to complete: onc cycle to specify the branch and
one to read out the target microinstruction. The microinstruction bits required to specify a branch
are fS[0-1] = DispBr and the fY field which names the branch or dispatch (Figure 13).

The notation used to specify the branching behavior is as follows: A microinstruction is located in
control store at its Instruction Address, 1A; the Next Instruction Address, NIA, is the control store
address register; and the Intermediate Next Instruction Address, INIA, is the 12-bit "goto" address
present in cach microinstruction. Every cycle, the hardwarc or’s the condition bits specified by fY
(abbreviated DispBr) and together with a Link register specified by fX into INIA, thereby producing
the NIA value used for the next cycle: '

.

NIA[0-11] « INIA[0-11] or DispBr[0-3] or Link[0-3].

In the case of dispatches, it is not always necessary for the microcoder to provide target instructions
for each possible outcome. Any particular condition bit can be ignored by placing a 1 in its
corresponding position in INIA.  This method can also be used to cancel unwanted, pending
branches. See the DMR.

Figure 13 enumerates the available branches and dispatches. Note that, in some cases, there is
more than one way to branch on a particular bit and that any bit on the low half of the X bus can
be branched on. The NZeroBr exists so that code can be more readily shared.
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Figure 12. CP Control Paths
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NegBr
ZeroBr
NZeroBr
CarryBr
NibCarryBr
PgCarryBr
XRefBr
MesalntBr
XwdDisp
XHDisp
XL.Disp
PgCrOvDisp
XDisp
YDisp
XC2npcDisp
YIODisp

iBDisp
LnDisp

source INIA
F[0] 11
F=0 11
F#0 11
Cout{0] 11
Cout[12] 11
Cout[8] 11
X[11] 11
Mint 11
X[9],,X[10] [10-11]
X[4],,X[0] 10-11]
X[8].,X[15] 10-11]
PgCross,,OVR [10-11]
X[12-15] [8-11]
Y[12-15] 8-11]
X[12-13],,c2,,~pc16 8-11]
Y[12-183],,bp[39],,bp[139] [8-11]
ibFront 4-11]
Linkn 8-11]

sign of alu result (not necessarily Y[0])

alu output equal to zero

alu output not equal to zero
alu carry out

alu carry out from low nibble
alu carry out from low byte
present & referenced Map bit
Emulator Interrupt (sec 1.5.3)
write protect & dirty Map bits
X (high) bus

X (low) bus

pageCross & alu overflow
low nibble of X bus

low nibble of Y bus

X bus, cycle2, inverse of pc16

170 branches (bp =backplane pin)

Instruction f%u ff-éf
Link register (n=0..7)

Equivalent names: EtherDisp = YIODisp, XDirtyDisp = XLDisp.

Figure 13. Branches and Dispatches
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1.5.2 Instruction Buffer Dispatch

The instruction buffer dispatch. IBDisp. is a spccial dispatch since more than four bits are or'd into
INIA. Consequently, IBDisp can only occur in ¢1 or ¢2, and, by convention, it is restricted to ¢2.
See scction 1.3.5 for a discussion of the instruction buffer.

Assuming that the instruction buffer is full, IBDisp can cause a 256-way dispatch based on the value
of ibFront: NIA[4-7] is set to the high nibble of ibFront and the low nibble of ibFront is or'd with
INIA[8-11]. (Due to the or operation into the low nibble of INIA, simultancous Link register
dispatches are possible.) INIA[0-3] is unaffected by the IBDisp (except by the four IB-Refill trap
values); therefore, up-to-twelve 256-way dispatch tables can be concurrently used.

If the buffer is not full (ibPtr # full) when an IBDisp is executed, or there is a pending interrupt,
then an IB-Refill wap occurs (See 1.5.5.1).

A special version of IBDisp, called AlwaysIBDisp, never IB-Refill traps:  AlwaysIBDisp dispatchs
on ibFront even if there is a pending interrupt (MInt = 1) or the buffer is not full. It is used in
the Emulator refill and jump microcode (sec 1.6.4) to dispatch on ibFront while the buffer is still
being filled. AlwaysIBDisp is encoded as fY = IBDisp and fZ= [BPtre1.

If the microinstruction executed before an 1BDisp or AlwaysIBDisp causcs an IB-Empty Error trap,
or it contains a MAR« and the 2901 computation results in pageCross = 1, then the IB dispatch
(or possible 1B-Refill trap) docs not occur and ibPtr remains unaffected. Since INIA is not modified
in this case, control transfers to the first entry of the macroinstruction dispatch table. (Accordingly,
Emulator opcode 0 should not be assigned to a macroinstruction.)

1.5.3 Mint Register

The 1-bit Mint register can be used to interrupt the contiguous execution of Emulator

macroinstructions.  When Mint is set in a antecedent cycle, IBDisp traps instcad of dispatches

(1.5.5.1). Mint is set with fY = MesalntRq and cleared with fY = ClrintErr. (ClrintErr also resets
the EKErr register.) Sce the DAMR for user conventions.

1.53.4 Link Registers

The CP has cight. 4-bit Link’ registers which can be loaded from the low four bits of the control
store address. Generally, these Link registers can be used to hold four bits of state information
derived directly from the flow of control. Thus. previously determined state information can be
casily recalled by dispatching on a Link register. Morcover, macroinstructions can share common
code at various stages of their exccution and Link registers can be used for subroutine call and
return structures.  Sce the DMR.

The Link register addressed by fX is written with the low nibble of NIAX (which equals NIA except
during a task switch in ¢2. sce 1.5.6.4). A Link register is written when fX is in [0..7] and NIA[7]
= 0: Link[fX] « NIAX[8-11].

A Link register is or’d into the low nibble of INIA when fX is in [0..7] and NIA[7] = 1, causing a
potential 16-way dispatch. Since the Link register is designated by an fX function, the fY field is
free to specify other condition bits which can be or'd into INIA[8-11].

If the preceding microinstruction does not specify a branch or dispatch condition, then the Link
register is loaded with a constant. However, if the prior instruction contains a branch or dispatch,
the value loaded depends on the outcome of the branch or dispatch. (The low four bits of the 1B
dispatch value can also be recorded in this way.) See the DMR.



1.5.5 Microcode Traps

There are two general classcs of microcode traps; IB-Refill and Error. The former only occurs as
the result of IBDisp’s; hence between the execution of macroinstructions. There are four IB-Refill
trap locations which are a function of ibPtr and Mint. Error traps can occur in any cycle and
always trap to location O in ¢1. The Error traps have priority over the IB-Refill traps and cannot
be disabled.

1.5.5.1 IB-Refill Traps

If an IBDisp is executed and ibPtr # full or Mint = 1, then the ibFront dispatch does not occur
and instead an IB-Refill trap is caused. Specifically, ibPtr is unaffected, INIA[4-11] is not modified,
and NIA[0-3] is set to the 4-bit quantity 0,,1,,Mint,,ibPtr[1]. The following table summarizes the
interpretation of the IB-Refill trap locations. (If an IB-Refill trap occurs and MInt = 0, then ibPtr
can not equal full)

NIAJO-3 Mint ibPtr
4 0 empty ,
5 0 not empty f(i.c., byte or word)
6 1 empty or full
7 1 byte or word

=

AlwaysiBDisp never 1B-Refill traps and a MAR« causcd pageCross branch or IB-Empty Error trap
cancels a potential IB-Refill trap.

15,52 Error Traps

Error traps can result when one or more predefined error conditions are detected in the CP or
memory. All error traps cause the instruction at microstore location 0 to be cxecuted in ¢1 by the
IEmulator or Kernel, depending on the error type.  Error traps cannot be disabled.

The EKErr register, read onto X[8-9] with «ErrnIBnStkp, names the type of crror:

EKErr Type

0 control store parity crror

1 Emulator memory error’

2 stackPointer overflow or underflow
3 IB-Empty error

If. coincidentally, two or more errors occur at the same time, smaller vatues of EKErr are reported.
The error types are also accumulated until EKErr is reset: the minimum value is reported when
EKErr is rcad. Error traps have priority over the IB-Refill trap. See the DMR for example error-
handling microcode.

EKErr is reset by the ClrintErr function which, as a side effect, also resets any pending interrupts.

With early CP modules, an EKErr value of 1 can also imply that a 23- or 24-bit virtual address had
been used by the Emulator. In this case, the ErrorLogging register in the Memory Controller is
read to .determine whether the error is actually a double-bit memory error. Since the Memory
Controller can now accept 24-bit virtual addresses, this interpretation of EKErr=1 is no longer
necessary (beginning with CP etch 4, Rev N).
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CS Parity Error

If the parity of a microinstruction read by any task is odd, then control is transferred to location O
at the Kernel task level. Since the Kernel is the highest priority task, no other microcode tasks can
execute. The CS-parity-error signal is sampled by the IOP, which can consequently sense a failed
control store chip.

If the instruction read from microstore in ¢1 has bad parity, then the Kernel runs at location 0 in
the next ¢1. If the parity error occurs in ¢2 or ¢3, then there is a one click delay before the
Kernel executes at location 0 in c¢1. This intervening click can be executed by any task.

Emulator Memory Error

If the Memory Controller indicates a double-bit memory error in ¢3 during an «MD executed by
the Emulator, then a trap to location O in ¢1 occurs at the Emulator task level.

The hardware requires the execution of one additional Emulator click between the ¢3 which errored
and the trap at location 0. Thus, other tasks and an additional Emulator click can intervene
between the occurrence of the crror and the trap code.

This trap only occurs for memory crrors incurred by the Emulator task: device tasks must explicitly
utilize the ErrorLogging register in the Memory Controller. Yes, the memory address is lost (as
well as the syndrome if other memory reads occurred since the error).

Stack Pointer Overflow or Underflow

If a pop or push is executed with the values of the stackPointer given in the following table, then
a trap to location O in c1 at the Emulator task level occurs (the stackP is still modified).

The hardware requires the cxecution of one additional Emulator click before the trap at location 0.
Thus, other tasks and an Emulator click can intervene between the occurrence of the error and the
trap code.

Multiple pop’s and push’s can be specified per microinstruction in order to ameliorate the detection
of Stack overflow or underflow. For instance, fXpop (i.c., the pop in the fX field), fZpop, and
push exccuted together leave the stackPointer unmodified, yet simulate two pop’s with respect to
stack underflow dctection. fXpop with push checks for stack overflow while not moving the
stackPointer, and, likewise, push and fZpop check for underflow. The following table enumerates
the cases.

functions stackP Trap is if stackP is
pop -1 underflow 0

push +1 overflow 15

fXpop, push 0 underflow 0

push, fZpop 0 overflow 15

fXpop, fZpop -1 underflow 0 or 1
fXpop, fZpop, push 0 underflow 0 or 1

If the Emulator top-of-stack (TOS) clement is kept in an R register and the rest of the Stack in the
U registers, and it is assumed that TOS can always be stored away into the Stack, then these values
imply a maximum stack size of 14 words.
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IB-Empty Error

If an «ib, «ibNA, «ibLow, or «ibHigh is executed when ibPtr = empty, then an IB-Empty Error
trap occurs to location O in ¢1 at the Emulator task level. If the IB-Empty Error occurs in ¢1, a
MDR<« in the next cycle is canceled. (Furthermore, an IBDisp is ignored, but this fact is of no
particular value.)

In normal operation (sec. 1.3.5) the IB is always guarantced to have enough operand bytes (two)
before a macroinstruction begins executing. However, when the macroprogram counter points to
the last word of a page, the buffer is intentionally not refilled by the Emulator "refill" microcode
and the IB-Empty trap can occur, indicating that control has actually procecded across a page
boundary. See the DMR.

If the IB-Empty error occurs in ¢1, then control transfers to location 0 in the next Emulator c1.
However, if the error occurs in ¢2 or ¢3, the hardware requires the execution of one additional
Emulator click before the trap at location 0. Consequently, other tasks and an Emulator click can
intervene between the occurrence of the IB-Empty error in ¢2 or ¢3 and the trap code. In
particular, if such a click executed a MDR« with an address which was a function of an IB value
rcad in the previous c2 or c¢3, then a random memory location can be written.

The IB is not read during ¢2 or ¢3 of a macroinstruction’s last click. However, the microcoder
must cnsure that, immediately following an «ib, «ibNA, «ibLow, or «ibHigh function exccuted in
c2 or ¢3. there is not a memory write with a MAR« or Map« address which is a function of the IB
value rcad in c2 or ¢3. (This is not checked for by MASS)
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1.5.6 Task Scheduling and Switching

A task is the microcode which supports an 10 device or the Emulator. A device task runs whenever
the device controller in the Dandelion asserts its "wakeup” request. Since a device task can only
run during its pre-allocated clicks, a controller’s maximum memory latency and maximum memory
bandwidth is an outcome of its preassigned location within the round.

The Emulator and Kernel tasks behave differently than device tasks. The Kernel task is a special
task used for communication between the CP and IOP (see 1.5.6.6). The Emulator task has no
fixed assigned slot in the round: it exccutes during a click which a controller has opted not to use.
Since devices do not utilize all of the bandwidth implied by the round structure, there is always a
minimum number of clicks available to the Emulator.

1.5.6.1 Task Allocation

The CP can control a maximum of 8 tasks. Currently, there are 6 wakeup lines (5 of them on the
backplane) which can request microcode scrvice. The eight task numbers are allocated between the
devices, Emulator, and Kernel as follows:

Emulator

Display or LSEP or MagTape
Ethernet

Refresh (Auxiliary)

Disk (Rigid)

1OP

IOP control store read/write address
Kernel

~NOO_hOWON =20

The Dandelion is configured at boot time so that cither the Display, or the LSEP, or the MagTape

can use task number 1, but all three can not simultancously use task 1. Normally, the Display task

controls the refreshing of memory. but when the LSEP or MagTape (or other Option board
controller) is active instead of the Display. then the Refresh task has this responsibility.  Similarly,
the Disk task cannot be simultancously used by both the SA4000 and SA1000. Task 6 is currently
not assigned to an actual device: instead it is used by the 10P as an address register when reading
or writing the control store (see 1.5.6.7).

1.5.6.2 Click Allocation

There are two types of rounds: a standard S-click round and an extended 10-click round. The
standard round is used with the HSIO-I board (Shugart SA4002 or SA1002 disks) and the extended
round with the HSIO-1I board (LDC, or LargeDiskController: Trident or Hunter drives). The
extended 10-click round is an "even" S-click round followed by an "odd" S5-click round. In the
even rounds, the Ethernet task has claim to click 3, and in the odd rounds the Trident disk
controller does.

Click 4 is special because the Display Controller hardware guarantees that memory references to the
display bank can never abort in this click. In order to refresh memory and maintain the cursor, the
Display and Refresh tasks are assigned to this click. The LSEP also uses this click as its band
buffers are located in the Display Bank. Within click 4, the LSEP or MagTape controllers have
priority over the Refresh task.

The following tables show the standard and extended rounds:
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Standard Round:

a
=
&

Ethernet

SAx000 Disk

10P

Ethernet

Display OR (Refresh OR (LSEP OR MagTape))

A dAONM=O
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Extended Round: Task

Ethernet
Trident-Hunter Disk
10P

Ethernet

Display OR (Refresh OR (LSEP OR MagTape))

CTTTT PR
bonO AN =O

Ethernet

Trident-Hunter Disk

I0OP

Trident-Hunter Disk

Display OR (Refresh OR (LSEP OR MagTape))

[ WU W N G |

1.5.6.3 Click Bandwidth Utilization

The following table summarizes the bandwidth availble to each device and the percentage which
remains for the Emulator when the controller is transferring data. (Pre- and post-data-transfer
overhead, which normally utilizes 100% of device clicks, is not included.) Note that the IOP only
transfers one byte per click, so its maximum available rate is actually 3.9 mbits/s.

Device BW allocated BW used % remaining
(mbits/s) (mbits/s) for Emulator

Ethernet(w/SAx000) 15.6 10.0 36

Ethernetw/Trident) 11.7 10.0 16

SA4000 7.8 7.14 8.5

SA1000 7.8 4.27 ' 45

L.DC (Trident/Hunter) 11.7 9.6 18

Display (microcode) 7.8 1.1 86

10P 7.8 2.0 26

LSEP-Refresh 7.8 3.7+ 1.1 38

MagTape-Refresh 7.8 6+ 1.1 78

Even with the Ethernet, SA1000, and IOP concurrently transferring data and the Display microcode
refreshing memory, the Emulator still executes 60% of the time.



1.5.6.4 Tasking Hardware

The CP control hardware was designed to hide the dctails of task switching from the programmer.
Since tasks are frequently resumed and suspended by controller wakeup requests, the hardware
performs all the necessary start upand stop functions: every click it saves the current task’s
microprogram counters and pending condition bits and, when it is scheduled to run again, it
restores them. Figure 14 illustrates the process, outlined below.

Every c2 the Schedule Prom in the CP, on the basis of the controller wakeups and click number,
decides which task (Nt) will run in the next click. Also in c2, the Switch Prom, on the basis of Nt,
the currently exccuting task (Ct), and Wait (x.xx), decides whether to activate the task switching
logic (and, if so, sets Swc2 « 1). A task switch has two parts dealing with the outgoing and
incoming microprogram counter and conditions: (1) a restore process and (2) a save process.

(1) The Temporary Program Counter (TPC) array holds the eight 12-bit task microprogram
counters. If it is cycle 2 and a task switch is occuring, the TPC, as addressed by the next task
number, is the source of the control store address. The next task’s first micronstruction is
subsequently read in ¢3 and exccuted in the following c1. In short, NIA « TPC[Nt] at the end of
c2.

At the same time the next task's microprogram counter is being read from TPC[Nt], the saved
condition bits are read out of the Temporary Conditions array, TC, and latched into the TC regsiter.
During ¢3. TC is or’d with the next task’s first microinstruction INIA field, which is being read from
the microstore. In summary. the saved condition bits are rcad during ¢2 from TC[Nt], latched into
the TC register, and in c3 or'd with INIA,

(2) 'The current task’s Next Instruction Address (which would have been loaded into NIA if there
were no task switch) is laiched into the NIAX register at the end of ¢2 and then saved in the current
task’s TPC location during ¢3. In general, every ¢3, TPC[Nt] « NIAX. (Note that in ¢3, Nt equals
the task currently cxeccuting.)

Furthermore, the condition bits of the task currently executing (which would have been or'd into
INIA) are latched into the TCX register at the end of ¢3 and then saved into the TC array in ¢1. In
gencral, every ¢1. TC[Nt] « TCX. (In c1, Nt actually cquals the task which executed in the
previous click. The condition bits are saved in ¢1 because there is not enough time in ¢3 to write
them into a RAM.) .

The following table summarizes when the TPC and TC are read and written and the interpretation
of Nt:

cvcle operation Nt
end of c2 NIA « TPCINt] next task
c3 TPC[Nt] « NIAX current task

end of ¢3 NIA « INIA or TC
end of c3 TCX « DispBr or Link
cl TC[Nt] « TCX previous task

The TPC and TC RAMSs are written every click (except suspended clicks) even if there is not a
pending task switch. Consequently, if the Emulator is suspended because of Display bank
interference, it’s correct restart address is available in the TPC.
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29

Save Restore
Process Process
~— NIAX « M2 NIA « M2
T
~€— NIAX « M3 NIA « M3
Emulator < c2
NIA « TPC[2] =
- ~— NIAX « M4 -{TC ST E
~€— TPC[0] « M4
7 < M- B2 NIA « E20r 0
c1
~— TC[0] « 1
~— NIAX « E3 NIA « E3

Ethernet < c2

~— NIAX « dispor 9 {N'A Teed s M

c3 TC « TC[O
~— TPC[2] « dispr 9
NIAX « Ne
/ po *—<TCX co g NIA « Posor 1
~€— TC[2] « 0
~€— NIAX « M5 NIA « M5

Emulator { c2

{Emulator microcode for above example.}

M1: Noop, c1;
{Ethernet microcode for above example}
M2; Noop, c2;
M3: [ « -1, NegBr, c3; £ Noop ¢l
E2: XBus « 9, XDisp, c2;
M4: BRANCH[Pos, Neg], ct; Ea: DISPA[disp], o3
Pos: GOTO[ME] c2;
Neg: Noop c2;
MS5: Noop c3;

Figure 14. Demonstration of Tasking Mechanism:

Where the Emulator task (0) is preempted by the Ethernet task (2) for one click.
This example demonstrates a pending branch across the task switch for the Emulator
and shows when the TPC and TC arrays are written and when NIAX is not equal to NIA.

The Save Process refers to the writing of the TPC & TC arrays, while the Restore Process refers
to the reading out of TPC & TC.



1.5.6.5 Display Bank Interference

If any task references the dual-ported Display bank (lowest 64K of real memory) and the Display
controller is reading the bank, then the task is suspended for the duration of that click; that is, no
microinstructions are exccuted during the suspended click. Click suspension is always in multiples
of clicks and the c1-¢2-¢3 structure is not modified. Device tasks should not reference the Display
bank (unless the Display is off).

In particular, the Emulator task is suspended until either it is scheduled for click 4 or the Display
controller relinquishes the low bank. This reduces by 60% the Emulator’'s maximum possible
bandwidth into the low bank when the Display is active: from 38.4 to 15.8 mbits/s (1

megaword/ 5).7

Clicks are suspended by the signal Wait which gates off all clocks which can change sensitive state
information. In the schematics, such clocks are labeled WaitClock, in contrast with the normal
AlwaysClock. Wait is defined

Wait « (MAR« and YH[4-7]=0 and Disp-Proc’=0) or (IOPWait and c1)
or (Wait and c2) or (Wait and c3).

When Wait is true, the following registers and RAMs are not written: R, Q, U, RH, stackP, IB[0],
IB[1], ibFront, ibPtr, Link, TC, TPC, MInt, pc16’, and Errors (Memory, stackPointer, CSParity,
IBEmpty). DBy contrast, the following are unaffected by Wait:  MIR, NIA, NIAX, TCX, TC,
KernelReq, EKErr, and schedular task states (Nt, Ct, Pt, Swc3).

Since the Microinstruction (MIR) and Next Instruction Address registers’ (NIA) clocks are unaffected
during suspended cycles, the decoded signals from the MIR can change during an aborted click.
However, this does not result in a random sequence of decoded microinstructions: the MIR output
in c1, c2, and ¢3 is equal to the values it would have had if the click were not suspended. This is

because the microinstruction loaded into MIR is always defined by an NIA which is unaffected by .

any invalid states generated during the suspended click: cycle 1°s MIR output is defined by the NIA
read from the TPC (in ¢2). cycle 2's by the value of INIA or TC (computed in ¢3), and cycle 3's by
INIA or'd with conditions bits specified in ¢1 (which are not effected by WaitClock in c1).
Furthermore, if the Emulator is suspended for consccutive clicks, the MIR output is the same for
cach click since NIA is reloaded from the TPC during suspended clicks.

1.5.6.6 Kernel Task

The Kernel task is used for supporting the debugging of the CP (e.g., breakpoints, reading/writing
CP registers) and handling the CP-IOP communication while booting (c.g., memory refresh during
control store rcad/writc). When the Kernel task is cnabled, it exccutes in all clicks, preempting all
device tasks and the Emulator.

The Kernel task runs if there is a CSParityError, IOPWait is true (1.5.6.7), or the microcode
function EnterKernel is exccuted. If EnterKernel is executed in c1, the Kernel runs in the next
click. However, if executed in ¢2 or ¢3, an Emulator or device click can intervene before the
Kernel runs. When the Kernel task is started, the Switch Prom does not cause a task switch; hence,
a breakpoint microinstruction can specify an entry point into the Kernel

The Kernel task request remains active until reset by the ExitKernel function. An ExitKernel is
overridden by a pending IOPWait or CSParityError. When ExitKernel is executed in c1, the next
click can be executed by another task (depending on which click the ExitKernel is in and the
wakeup requests).
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1.5.6.7 CP-IOP Interface

The IOP interfaces with the CP as both a standard 170 controller and as a boot loader/debugger.
This section deals with the booting interface: the control lines used to load the control store and
initialize the tasks’ microprogram counters (TPCs).

The following signals are used between the IOP and CP:
SwTAddr high level causes Nt = IOPTPCHigh[0-2] and

NIAX[0-4] = IOPTPCHigh[3-7] and
NIAX[5-11] = |OPData bus

IOPWait high level sets Kernel wakeup request and
WaitClock is suspended

WrTPCHigh positive edge writes IOPTPCHigh with IOPData bus

WrTPCLow pulse causes TPC[Nt] « NIAX

CSWE[n]’ pulse writes a control store byte with IOPData bus

ReadCSEnR’ places CS byte, TPC, & TC onto 1OPData bus

ReadCS[n] sclects CS, TPC, & TC bits to use with ReadCSER’

The basic algorithm for reading or writing control store is to first write TPC[6] with the address of
the location to be accessed and then recad or write data bytes (addressed by CSWE[R]) or
ReadCS[n]) while allowing the Kernel to Refresh memory if necessary. Although all of the tasks’
TPCs can be initialized, the TC registers cannot be loaded by the IOP.

In general, when reading or writing a TPC location or CS byte, both SwTAddr and IOPWait must
be hlgh and the value of Nt (loaded into IOPTPCHigh) must be 6 or 7.

When SwTAddr is true, Nt and NIAX are defined by the IOPTPCHigh register instead of their
normal sources. This allows the IOP to address and supply data directly to the TPC RAM.

Setting IOPWait causes the Wait line to be high. Thus, registers clocked by WaitClock cannot be
loaded with spurious data while a TPC or CS location is being written. (Moreover. the
CSParityError trap cannot occur.y 10PWait also sets the Kernel wakeup request so that the Kernel
task runs when IOPWait is removed.

While I0PWait=1 and Nt = 6 or 7, the Switch Prom causes a continuous task switch; that is,
Swc?2 is always true and NIA is set to the value of TPC[B] or TPC[7]. In this state, the Kernel
microcode does not run and its TPC docs not change. However, after writing one byte of control
store or one TPC location, it may be necessary to refresh main memory. In this case, IOPWait and
SwTaddr are reset and, since the IOPWait caused the Kernel wakeup request to be set, the Kernel
begins running at the saved TPC location and executes the required number of Refresh functions
or performs a function enumerated by the 10P via the normal 1/0 interface (e.g., «lOPIData,
«|0OPStatus).

The following table shows which control store bytes are read or written with ReadCSEn’ and
CSWE[n]’. Note that when writing the control store the inverse of the data must be supplied on
IOPData.

ReadCS CSWE/[n] |IOPDatal0-7]

0 a rA, B

1 b aS, aF, aD

2 c ep, Cin, EnableSU, mem, {S
3 d fY, INIA[O-3]

4 e fX, INIA[4-7]

5 f fZ, INIA[8-11]

6 TC, TPC[0-3]

7 TPC[4-11]
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1.6  Input/Output Interface

The CP and the high speed devices were mutually designed within one framework and are
inexorably bound together: the 170 bus is the same as the CP’s main data bus (the X bus), the 170
register control is directly encoded into the microinstruction format, and the devices depend on the
preallocated click structure for guaranteed memory latency and bandwidth.  This intimate
relationship between the devices and the processor exists in order to absolutely minimize the overall
system cost. By sharing the ALU among several controllers, overlapping memory accesses with
ALU computation, and guaranteeing memory latency, very small IO controllers can be built. This
section exists because it is possible to design different disk or display controllers on the HSIO
board, new high speed controllers on the Option board, and new Memory systems.

1.6.1 CP-10 Interface

The following signals and buses are used between the CP and a typical device controller, called
Dev:

X bus 16-bit data to or from memory or 2901

Y bus 16-bit data from 2901

DevReq’ task wakeup request to CP Schedule Prom

DevCtl«’ signal from CP to load controller control register from X or Y Bus
DevOData«’ signal from CP to load controller data register from X Bus
«DevStatus’ signal from CP to place controller status onto X Bus
«DeviData’ signal from CP to place controller data onto X Bus
ClrDevRq’ signal from CP to reset controller wakeup request
DevStrobe’ signal from CP for general use by controller

{ODisp CP branch on a controller state

Wait level from CP to gate off WaitClock

Normal CP-Controller interaction (for input) goes something like: (1) A conuroller receives a word
of data. (2) the controller activates its wakeup request, (3) the controller’s task runs in its allocated
click, (4) the microcode rcads the data from the controller to main memory or 2901, and (5) the
controller resets its wakeup request. In general, the wakeup request is cither explicitly turned off by
the task via ClrDevRqg' or is turncd off by the controller when it senses a <«DevlData’,
DevOData«’, or DevStrobe’. It is cxplicitly assumed that a controller only causes wakeups when
data transfers are pending (or when directed by its task) in order to minimize the impact on the
Emulator.

A device’s wakeup request must be turned off by the end of the cycle 1 which follows the service
click in order to prevent a task from accidentally running again. Since the device’s wakeup request
must be 2-level synchronized, this implies that the reset-wakeup function must be executed in ¢1 or
c?2 for those devices which have a two-click minimum scparation.

In general, all controller control registers should be clock’d with WaitClock so that spurious device
actions are prevented while writing control store. If a control signal can be used by an Emulator
click which could be suspended, it should also be gate’d with WaitClock. Device tasks should not
reference the Display bank unless the Display is off.
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1.6.2 Controller Latencies

A conuroller’s data buffer size depends on how often the buffer is serviced and what kind of
wakeup scheme is employed. There are two basic wakeup strategics: post and prerequesting.  In
the former case, the wakeup request is raised after the device buffer is available to be read/written
by the CP. In prerequesting, the wakcup request is raised before the device buffer is actually
available. Only the SAxX000 disk uscs prerequesting. Where a task must process some of the data
and cannot transfer a word per click, then a FIFO is usually used as a buffer (as in the Ethernet).
However, when little or none of the data must be examined by the microcode, then a simple
register buffer is sufficient (as in the rigid disk controllers and LSEP).

In order to avoid overruns with the postrequesting scheme, the maximum microcode service latency
plus the wakeup-request synchronizer delay must be less then the data rate:

L + Spa < b/r,

max

where b is the number of bits of buffering, r is the data rate of the device (in mbits/s), L. is the
maximum latency (in pseconds), and Spax 18 the synchronizer delay (equal to 2T, where T = .137
pusec). If the task microcode transfers one word per click, then

Lyae = 3dT + 4T for output. and
3dT + 3T for input,

‘max

where d is the maximum scperation between device clicks.  1f the microcode docs not always
transfer a word per click, then L .. is correspondingly greater.
For prerequesting, the wakeup request cannot be made too carly, thus the constraint

S I

min “min Ihandoff > 0. . . R

where 1, o oee is the time for the CP to read the buffer (ecqual o 1) or the controller to read the
buffer (about .05 psec)). If prerequesting begins p device bit times before the buffer is ready, then

S min 21 - p/r, and

Smax = T - p/r
Since L, = ST for output and 4T for input, p must satisfy the following conditions in order for
prerequesting to work (t,....c = 0 for output):

[fIf3d + 6) - b] < p < 6T for output, and

[fIfG3d + 5 - b] < p < 4T for input.
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1.6.3 10O Controller Design Rules

Since replacement or augmented controllers are being designed for the Dandclion, the following
design rules should be followed in order to guarantee correct operation. Figure 15 illustrates the
proper application of the CP interface signals.

(1) CP control signals such as DevReq’, DevCtl«’, «DeviData’, CirDevRq’, and DevStrobe’
originate from an SN74S138 decoder and therefore most not be used in an asynchronous way, such
as the clock input of a register. These CP signals must be synchronized to the CP clock or gate’d
with pAlwaysClk or pWaitClk.

(2) Controller input buffers must be either an SN745240 or SN748374 (or equiv) and the CP
control signal which enables them onto the X bus, such as «DeviData’ or «DevStatus’, must be
connected directly to the output enable input without being gate’d in any way.

(3) If there is more than one output register on the board, the X bus must be buffered with an
SN74S8241 (or equiv) before routed to the registers. The CP control signals which load the output
registers, such as DevOData«’ or DevCtl«’, can be modified per the constraints of a clock qualifier
signal (see (5)).

(4) The device wakeup request signal, DevReq’. must come from an SN748374 (or S§74, or equiv)
and must be synchronized by at least 2 such FF’s

(3) The clock qualifying structure shown in figure 8 must be used: the S02 is located in the
position nearest backplane pins 1-10 and the "qualifier” gates are no further away then the center of
the board. their preferred location. Clock qualifier terms should be valid by 94 nanoscconds after
the positive (active) edge of AlwaysClk. Clock’d registers should be no more than 10" from their
qualifier gate.

pWaitClk must be used for any register which. if spruiously loaded during a control store boot, can

activate a device function (e.g.. disk write enable). Such registers should also be reset by IOPReset’

which is ord with the power supply on/off resct.
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1.6.4 Example Microcode

Just as a melody, in order to be heard, requires both notes and intervals, the CP hardware should
be viewed in light of its corresponding microcode. The following microcode examples illustrate how
and in what time frame certain elementary functions are accomplished. There are seven examples,
some simplified: Mesa Emulator Load Local n, Read n, Jump n, Refill, and the Ethernet, Disk,
and LSEP inner loops. Sce the DMR for a description of the microcode format.

(1) The Mesa Emulator Load Local 1 (LL1) macroinstruction indexes the local frame pointer and
then push’s the addressed word from memory onto the Stack. It executes in one click if the
indexing operation does not cross a page boundary and in three if a page cross occurs. If the Map
flags must be updated (RMapFix), another two clicks are required.

@LL1: MAR ¢ Q « [rhL, L+ 1], L1«L1.PopDec, push, c1, opcode[1'b];
LLn: STK ¢« TOS, PC « PC+PC186, IBDisp, L2«L2.LL, BRANCH[LLa,LLb,1], c2;
LLa: TOS « MD, push, fZpop, DISPNI{OpTable], c3;
LLb: Rx « UvL, c3;
LSMap: Noop, c1,
Q « Q - Rx, L2Disp, c2;
Q « Q and OFF, RET[LSRtn], c3;
LLMap: Map « Q « [rhMDS, Rx +Q], ct, at{3,10,LSRtn];
Noop, c2;
Rx « rhRx « MD, XRefBr, c3;
MAR « [rhRx, Q + 0], LO«LO.R, BRANCH[RMUD,$]. ct;
IBDisp, GOTO[LLa], c2;
RMUD: CALL[RMapFix]. c2;

(2) The Mesa Emulator Read 1 (R1) macroinstruction indexes the virtual address on the top of
Stack and then push’s the addressed word from memory onto the Stack. It executes in two clicks.
Four are required if the page has been read the first time: that is, the Map flags must be updated.

@R1: Map ¢ Q « [rhMDS, TOS + 1], L1«L1.Dec, pop, c1, opcode[101'b];
push, PC « PC + PC16, c2;
Rx « rhRx « MD, XRefBr, c3;
MAR « [rhRx, Q + 0], LO<LO.R. BRANCH[RMUD,$]. c1;
IBDisp, GOTO[LLa], ’ c2;

(3) The Mesa Emulator Jump 2 (J2) macroinstruction increments the PC by 2 bytecodes and then
refills the instruction buffer. It cxecutes in two clicks. Five are required if the jump crosses a
page boundary.

@J2: MAR « PC « [rhPC, PC+ 1], push, c1,0pcode[201'b];

STK « TOS, L2 « L2PopOincrX, Xbus«0, XC2npcDisp, DISP2[inPNoCross], c2;
jnPNoCross: 1B « MD, pop, DISP4[JPtriPop0, 2], c3, at[0,4,jnPNoCross);
inP1Cross: Q < OFF + 1, LO « LO.JRemap, CANCELBR[UpdatePC, OF}, c3, at[2,4,jnPNoCross];
JPiriPop0:  MAR ¢ [rhPC, PC + 1], IBPtr«1, push, GOTO[Jgo], c1, at{2,10,JPtr1Pop0];
JPtrOPop0:  MAR « [rhPC, PC + 1], IBPtr«0, push, GOTO[Jgol], c1, at{3,10,JPtr1Pop0];

Jgo: TOS « STK, AlwaysiBDisp, LO ¢« LO.NERefill.Set, DISP2[NoRCross], c2;
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(4) The Mesa Emufator instruction buffer refill code executes in one click if the buffer was not
empty and in two if it was. Four to six clicks are required if the refill occurs across a page
boundary.

{Buffer Empty Refill. Control goes from NoRCross to RefilINE since RefillE+1 does not contain an IBDisp.}

RefillE: MAR « [rhPC, PC], PC « PC-1, LO « LO.ERefill, c1, at[400};
PC « PC+ 1. DISP2[NoRCross], c2;

{Buffer Not Empty Refill.}

OpTable: {"Noop" location of Instruction Dispatch table}

RefiliNE: MAR « [rhPC, PC + 1], c1, at[500];
AlwaysIBDisp, LO « LO.NERefill.Set, DISP2[NoRCross], c2;

NoRCross: 1B « MD, uPCCross « 0, DISPNI[OpTable], c3, at[0,4,NoRCross};

RCross: Q « OFF + 1, GOTO[UpdatePC], c3, at[2,4,NoRCross];

(5) The Ethernet input inner loop transfers one word per click until either a page boundary is
crossed (ERead + 2 or ERead + 3), the maximum sized packet has been exceeded (EIToolLong), or
the controller has signaled an abnormal condition (ERead+1 or ERead+ 3).

{main input loop}

ElnLoop: MAR « E « [rhE. E + 1], EtherDisp, BRANCH[$,ElToolong]. c1;
MDR « ElData, DISP4[ERead, 0C]. c2;

ERead: EE « EE - 1, ZeroBr, GOTO[EInLoop], c3, at[0C.10,ERead];
E « uESize, GOTO[EReadENd]. ¢3, at{0D.10,ERead];
E « ElData. uETemp2 « EE, GOTO[ERCross], c3, at{0E,10.ERead];
E « ElData, uETemp2 « EE, L6«L6.ERCrossEnd, GOTO[ERCross], c3, at[OF,10.ERead];

(6) The SAx000 disk write and verify inner loop transfers one word per click until the required
number of words have been sent.

WrtVerLp: MAR « [RHRCnt, RCnt], RCnt « RCnt +1, ct, at[0.2,FinWrtVer]:
RAdr « RAdr-1, ZeroBr. CANCELBRI[$. 2]. c2;
KOData « MD, BRANCH[WrtVerLp, FinWrtVer], B o5

(7) ‘I'he 1.SEP output inner loop outputs a band buffer entry from the display bank and then clears
the entry.  This continues until the required number of words have been transferred, which is
detected by aligning the data on a page boundary.

scan: MAR« [displayBase1, rX +0]. CIrDPRq. c1;
MDR« rY{= zero}, rX« rX+ 1. PgCarryBr, c2;
PODatas MD. BRANCH[scan, endLine]. c3;



1.6.4 Footnotes

1 All of the microcode-related specifications and rules presented in this chapter are validated by the
microcode assembler and control-store-allocation program (MASS).

2 The writeable control store is expensive: out of the 160 chips total, 70 arc microstore chips.

A special version of the CP has been built which has a 16K control store partitioned into four, 4K
banks. The 2-bit Bank register can be loaded from NIAX with fZ = Bank«. All non-Emulator
tasks are forced to execute from bank 3. Error trap location O exists in each bank.

3 Where did this (prime) number come from? All system timing is based on the Display’s bit time,
19.59 nS (51.04 MHz, = .05%). There are 7 bit times in a cycle and 210 cycles (14 rounds) in one
horizontal display line. More precisely, the cycle time is 137.14 &+ .57 nsec.

Alternatively, the cycle time (137) equals the inverse of the fine structure constant: a fundemental
dimensionless constant equal to 2 times the square of the electron charge in electrostatic units,

divided by the product of the speed of light and Planck’s constant Qme/ch) !

4 This sequence has been likened to the triple time meter of a waltz!

5 Because there are so many sources and sinks on the X bus, it has a nonnegligible capacitance: it
has been measurcd at 337 pF!

% The oring of a Link register with the low 4 bits of the IB byte during an I1BDisp is not
cncouraged as this feature will not exist in a future version of the processor.

7 The 15.8 mbits/s into the display bank is approximated as follows: There are 70 clicks per

display scan line and, of these, the Display controller uses 4*11 = 44 clicks for a normal scan line. -

FFurthermore, the display microcode uses 2 clicks for memory refresh. During 808 of the total 8§97
scan lines, the display controller is actually pumping bits out to the monitor. Thus, the Display
controller and microcode use about (808/897)(46/70)(38.4 mbits/s) = 22.6 mbits/s of the
bandwidth, lcaving 38.4-22.6 = 15.8 mbits/s for the Emulator. : :
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7]

[0-3]
g'g Sl nrama RAMCE: gs; Zlrams RAMG g‘:,
: Q3 Qo= = Q3 Qo :
rA.0 (20) 11 A3 rA.0_(20) 1las
tA 1 (0) 2l as rA. 1 (20) 21 a2
th.2 (20) 313 A2 (20) El
rA.3 (2(); 410 rA.3_(20) alr0
rB.0 (12, 20 rB.0_(12) 20 .
8.1 (12) 19 gg Y3 gg z? 49 3.1 (12) 19 g;’ Y3 gg ";g 53
B.2 (12) 18159 Y2 3‘7 V51149 8.2 (12) 18155 Y2 = or g MEK)
r8.3 (12) 171 go Y1ks Y3 152 3.3 (12) 17160 Y155 e L
YO &= : 152 YO : 154
X.0 22 X.4 22 X
a1 1 D3 43 - D3
TATIX 23155 TAILX 23105
X.2 24 , I3z X.6 24 , 32 G4-7’
42 3 55| 01 G' g 48 57 25| P! G’ 55 Pa-7°
142 DO P 144 == DO P
CIND-3 291\ covisy F.0 PageCarry, 29 {1 CouTl
) 6 ovd OVR sh (39) 6 ov [}
sh (39 g ¥
aD.0 . (0) 7 :gg F = ot FZoro ah.0_ (20) 7 :g? - ot FZero
aD.1__ (J0) 5 166 ab. 1 (20) 5 16
aF.0 () 271 ¢ ar.0__ (20) 27| ,Ce
atn.1_ (20) 28], 54 afh.1__(20) 28}, <)
aFh.2_ (0] 26 & afh.2_ (20) 26,54
aSh.0_ (20) 14165 “aSh.0__(20) 141,55 .
asn.t_ (0} 131 ,&5 2901A ash.1_(20) 131,59 2901A
aSh.2_ (20) 121,60 mi2a aSh.2 (20) 12160 ni2a
cp OF? cP OE’
15 40] 15 4%7
WaitClk
[8-11] [12-15]
A
R.7 8 9 R.11 8 9 R.14
RAM3 RAM - RAM3 RAM .
Q.7 16103 Qo 22 Q.11 16]q3 Qo 2 Q.15
tA.0 {29) 1 rA.0_(20) 1
A1 (0] 2 ﬁg A (20) 2 2:2"
A2 () 313 A2 (20) 31a1
<SR
TAS (U} 4150 A3 (20) a0
¥
8.0 (/2) 20133 39 v.8 8.0 (/2) 20153 39 Y12
TB.% (17} 19155 M Yo 125 vB.1 _(/2) 19145 Y3Es v 15152
rB.2 (17 18153 Y255 Yo 1185 1B.2 (12) 18157 V2 B ey MLV
A - .
rB.3 /') 17 Y1 56 8.3 (12) 17 v1E 58
BO 36 Y A1 BO 36 v.15_ |-
YO 156 j YO 158
FELX3 22 X.12 22
5 ro D3 47 D3
45— 231p2 1733 231p2
76:’—4; D) 24) 03 o 32 G8-11" yrog L 24 09 o 132 G12-15’
L30T id 25 ., B5 P8-i1’ X.15 25 , 135 P12-15"
146 - DO P B 148 DO P 6
— COUT CIN-SE 20 COUTES LAy,
”‘bca‘”’) 29 Icin Fa b = — CIN F3 34
sh 39 6 ov 3; sh 39 6 oV
abD.0_ (7)) 7 :8‘7’ F=ops Fzero aD.0_(20) 7 :g? F = ol FZero
aD.1 {20] 51 %6 aD.1_(20) 511és
aF.0_ (20} 271,65 aF.0__(20) 271,55
aFl.1 _(20) 281 ¢4 aFl.1_(20) 281,55
aFi.2 () 2611G3 afFl.2_(20) 26,54
aS1.0 (.1} 141,35 . aSl.0_(20) 141,55
aSi.1_(20) 134,85 2901A aSI.1_(20) 31,85 2901A
aSi.2 _(20) 121c0 12 aSl.2 (20) 121,50 K5
cp___op_| P'ed cP___ OF va
15 4% 15 40|
v
WaitClk
rd oGP = 45 rd oY= 50nS
mi2p n12p pi2p k5p D oGP = 30 D Y= 32
-anp =vee || =eno=vee || =anp =vee || =anp =vee A Comt= 50 Sg fﬁ": 5-3
3 10 3({9 10 3% 10 3% 10 D toCout = 32 aF Y= 35
vce Cin to Cout = 16 aD t¥= 25
See Pages 29 10 34 for ALU timing
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2901 Carry

F.ookahcad

CIN-SE (48) 1‘:_3 on czi? CINO-3
GND r—-—-g— Slyg: cv 11 PageCarry
e o o
GB-11 TP agrlio
PE- 11’ 2 gl‘;, ’ Carry
G125 3l Porll 500
P12-15 4o S182 9 d10od
913 330-220 Pullups
Q.0 1§ FPLAT oo vee
Q.15 7|P1 P205™ Gl
FZero 3|p2 P1917g HIGH-b
CIN-SE_(43) 1|Ps P8I HIGH-¢
g{pa  PI7hE
&IPS P16 ‘1:5
7ip6 P15 4
alP7 P1anis
¢lps P13y h13
o4
ND P9 P12ph
G 10109 il
R Shift Ends Q Shift Ends
CIN-SE (48) 6 fvo :
carny 21x1 ox}L RO R.15 2
- - X2 3 Q.0
CIN-SE (48) 31x3 aD.0’_ (26) 1 503
h14a
Q.0 l 7 v 9 RAS CIN-SE (48) 5
R.0 12 oy L 2k {0 2 =
CIN-SE (78] 13142 ° g3
‘ v3 aD.Q __ (20) 4 hi4b o7y
aD.1__ (20) 2 '
“Cydle' (34) 74 gf 5253 ]
AEx_Ey| 9
ab.0_(20) 18
aD.0’ (26)
aD.1 cycle’
1 1 Cn—>__R_ " }—Cin
L i
0 1 Cout —>[ TR e Q0 J&¢—-Cin
0 0 Cin R e—r 30— ~Cin
“ aD.0 = 0 implies right shilt
Cin & Shift Ends
CiNepe16 (39) 10
8
pci6’ (20) 9 hidc
CIN-SE (48)
CiNepc16X’  (34) 13
11 . ; i i
GE. Y Cin must be stable before 32 - 25 = 7 nS after the X-bus is stable for X-bus arith.
CIN-SE-wrSU’ (20) 12 h14d There are 7 -+ (60-48) = 19 nS to spare.

Also, Cin must be stable 50-25 = 25 nS after rA or rB are stable for register arith.
Since this is not the case for rA or B, register arithmetic timing in bits [8-15])

is dependent upon Cin timing and not rA timing.
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SU[0-3]

R SUYAddr.O 7 A7
SUAddr. 1 Glne F93422
SUAddr.2 5 A5 cl1b
SUAUL.3 21108
SUAddr.4 1 A3
SU X-bus disable SUAddrS 2105
< . -
153] 1o CIN-SE-wiSU (tPL11) T er e E—a L}
30 Output Disable : AO
10 X-bus
L Y.0 15104 aal1e X.0
55[3] = 58 nS Y.1 13155 a4 X. 1
¥.2 155 a2 X.2
V.3 9150 Qolo X.3
CE1'CE2WEQE’
1@7 20[18
EnableSU (20)
WriteSU’ (0] :
CIN-SE-wrSU__ (20)
High SUAddr.0 7 SUT]
] . AAAr., -
SUAdd1 SUAddr. 1 G ﬁé r93422
SUAddr.2 [ A5 d15
3 SUAddr.3 71
orA.0 (100) 4 gg QofZ———34Addr.0 SUAdr.A 7 ’Rg _
G SUAdAr.5 2
prA.1 5 g} i f———-S8UAddr1, SUAGAL.G 3 ’Iﬁ
111p2 -lio SUAddr.2 SUAddr.7 4180
pra:2 12 1go G v 4 15 16 x4
14 v, 5 4
prA.3 13|00 aaf*® SUAAdD V.5 [E Ho oolia %5
, : 25509 Y.6 15 a2 X.6
v SB_CK |  bis Y.7 9100 ool X.7
1] 9 .
CE I'CE2WE'QE’
piS.2__({10) 1qli7[20]18
AlvvaysCik-b : v
EnableSU (20)
WriteSU’ (20)
CIN-SE-wrSU_ (20)
low
SUAddr SU10-13]
) SUAdJdr.0 7 a7
NstackP.0 (50) 3 SUAddr. 1 G F93422
piZ.G (m(? 4 gg ot ——-SUAddr.a SUAdAr.2 5 ﬁg el5
Hstackp.1 (o] G 4 SUAddr.3 21
piz.1 i 5 g: Q1 SUAddr5 SiUAddr.A 7 2;
Nstackp.2 (0] 11 SUAdAr.5 2
piZ.2 12 gg oo SUAddrE SUAAr.G 3 2?
NstackP.3 (60) 14 03 1 SUAddr.7 _SUAddr.7 4 AO
RIZ2 e 25500 () v.8 15 16 X.8
: D3 Q3> :
SB_CK bi4 Y.g 13155 Q24 X9
il 9 Y.10 i b Q1hz2 X.10
_pfs.2_ 7170) Y.11 9150 Qoo X.11
AlweysCik-b CE1'CE2WE'OE’
1@)7 20]18
EnablaSy (20)
WritcSU’ 20)
XBus « SU = max(75,60) nS CIN-SE-wiSU___(20)
1713} 1 to SUAddr _
45 tAA SU[14-17]
1o Xbus _ SUAdAr.0 7[r7
72[3] =175nS SUAddr. 1 616 F93422
SUAQGr.2 5 e 15
17[3] + to CIN-SE-wrSU/LnableSU SUAddr.3 211,54
30 1793422 OE'/CE2 to X-bus SUAddr.4 11as
10 X-bus SUAddr.5 21p5
— SUAJAr.6 3
5703]=60 3 SUAddr.7 4 2(1)
-
SU write setup ‘\Hi :g D3 Q3 1]2 ))H:?x
S[1]  Datasctup Y14 11|02 gf iz X.14
3% WE . Y.15 9150 qol2 X.15
441) = 45nS . CE1'CE2WE'QE’
1QLi7[20[18
_ EnahleSU (20)
F93422 data t-hold = 5 nS WriteSU? 0]
CIN-SE-wrSU__ (20)
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XBus « RIL =: max(64, 59) nS

RIT & stackP X-bus disable 173} rorly
1 S138 Enable to «RIY
15 $241 1’ Lo disablod X-bus 0 X-bus
10 X-bus 61{3] = 64 nS
53[5]==58 nS 3 rto R -
%{5) §(2g L EN’ to X-bus
10 -bus
RH[0-3] 59 n$
8.0 (20) LEEH AM29701
3.1 4
=t A2 d17
3.2 g
(B.3 A
AO
X.8 121, 11 YH.0 59 I
X0 0 pa 8;’? Vil =159
— = =
X. Do Qo .: 1161
2\[7 3
WriteRRH?
RH[4-7]
9 (20) }2 A3 AM29701
5.2 15 A2 e16
Al
rB.3 1 A0
X.12 12 11 YH.4 —[62
X.i3 0D 8‘3 9 VG T —{162
X114 6lp;  oilZ YH.6 63
X5 o cols YH.7 —1 163
oS WE (43) ]
?\1/ 3
WriteRH’
1 1
<RI (34) l ]
NstackP stackP
9 17 3 X.12
COa
. Y.12 3 el7e
Staekfd _2oo | ho NstackP.0 (60) 4100 qof? stackP.0 |
EO V.3 5 |BC 15 5 X.13
stackP.1 }g D1 ks NstackP. 1 (40) 5 81' QilL stackP.1 g o171
Ed V.14 11
stackP.2 12 wald Nstagkp2 (60) 12|05  q2f*2 stackP.2 . 43 7 X.14
E2 Y.15 14 |, el7g
o 2 1p3 4 NslaekP3 (60) _13|n3  qaft——2tatins
o E3 H3 15383 . 25509 L 11 9 X.15
Pop (39) .Cl b16 SB_CK c16 el7h
“Bush [39) 7 , [ o
stackPe’ (34)
WaitCik 5240
2 el7]
EN’
<ErriBStkp’ __ (34) 19|
XBus ¢ stackP = max(59, 38) nS
17[3] t to stackP
7 $240 data to X-bus
10 X-bus
34[3] = 38 S
34 7 to «LrrintstackP’
15 S240 EN’ to X-bus
10 X-bus
59 nS
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IB[1]
X.0 3 2 NB.O
L 2dn0 QO
X1 A HE NE.1
- D1 a1
. +o2 o3 N3
TXAT s O N4
X.5 1:/', b5 asH2 :‘:gé IBfront
X.6 17 16 ;
X.7 18 3{73 8? 19 NB.7 NB.O 3 2 18.0
‘ $373 B DO QOfE -
EN_0C'| 917 DL 1 41 Q12 0.1
e 9 NB.2 Tlpa  qal® 18.2
ViritelB [ NB.3 8lps  qal? 8.3
SelectiB1” _(V4) Ni3.4 1315 Qa2 18.4
NB.5 4 15 8.5
1B[0] NB.6 7 (0s his 3.6
A ' NB.7 18]y, a7he — u:;}(/))
X8 2loo o2 NB.0 cK_EN | fi6
X.9 4 5 NG
“X.10 712} Qg MB.2 ”l 1
T ——1P2 Q2 s WaitClk
XAz T FOAOA [T Nt 94 t10IBFronte
Q}%‘ ‘H’ 05 as ;? sgg 25]3_] LS377 EN setup
X.15 T R NB.7 L9[3} = 12208
N IS E 15377 vhold = 5nS
tN_oc'| g16 ’
WritelB "1
SelectiB’_(94) $373 t-hold =10 nS. t-sctup==0 nS.
(falling cdge of WritelB occurs 4 n§ before
rising cdge of Clk.)
IBProm
<ib’ (34) 19
ERErrc2  (00) 15|18 o714 IBFronte
BP0 (34) 17 AT Q6113 GoodIBDisSpc?
18Pt (34) 16 | AS Qaliz Refilinte2 ~ )
PageCarry 3|s374 |2 PaCarryDiy (20) 5 | AS Qald SolectiB
gisb [~ Mesaint . (20) a ﬁg P ) plEPtr.0
oy : IGDisp’ (34} 3 M pIBPtr. 1
AlwaysClk TGHir0 2] 5IA2 | g? é '
1BPLr. 1 20) A Qo Select!BO’
AO NM7648 '
CE! g18 .
3| s37a |2 1BPtr.0
1Ry hi7b 20
Xbus«IB = max(48,64) oS tAA =60 nS allClk
2713} +to IB (L.8377) 4 5 1BPtr.1
8 $257 data to X-bus hi7e 20)
10 X-bus WailCTK
45{3] = 48 S
3 *to XBus« B’
21 S$257 £’ to Xbus
0 X-bus IBFront € Xbus = max(x + 36,83) nS
64nS X Xbusto IB
1301 S373 Datato NB
202 1.8377 sctup
IBfrOI]t"IB“] 33[3] = 136 nS
3 tto IBPtrel1’
60 tAA 94 WriteI B rises
18 2] SclectIBl’ to NB 182 S373 ENto NB
2002 1.8377 sctup 2012 1.S377 setup
132[4]=136 nS 132[4]=136 nS
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[.Rotn

I.Rotn disablo‘X-bus

33 +to BnLRotn’
[0 mod 4] 15 25510 OFF to X-bus
10 X-bus
Y.4 1l . ,alis X.0
i o3
——*—~—§'(1)2~»-——«~-~2~ -1 Y2 :‘1) i?? Zero disable X-bus
- {10 Y3 s .
Y. 81 30 + to Xhigh¢)
¥B : ; 15 $241 EN to X-bus
Y12 7 13 25510 10 X-bus
150 08| €19 55nS
2.2 (20) gl1o 13
7.8 (20)
EnLRotn' _ (33)
[1 mod 4] Zero High XBus
Y.5 11a  yols X.1 17 ™3 X.0
Vg . 215 gyl X.5 ciBe
Y13 310 yoli2 X9
YA 4] M K] X.13 15] 5 X.1
Y5 51" c18f
Y9 6|
V.13 7 112 13 7 X.2
13 25810 ¢i8g
S1.80 OE| d19
2.2 (20) 9[;0 13 . 11 9 i X.3
2.3 (20) c1eh
EnLRotn’ (33) 17 3 X.4
< di8e
{2 mod 4] = <5dl8f =
Y.6 1 15 X.2 13 7 X.6
Y10 N S (7 S X.6 . didg
Y.14 3107 yal2 X.10
N2 a1 yald X. 14 11 9 X7
Y.6 5 ai8h
Y10 6| v /i/
Y14 7112
13 25510
| eto $241 S241
3‘13012‘5 c18j d18j
iz.2 _ (20) i EN EN
$2.3 _ (20) 19[ 19]
EnLRotn’ _(33) Xhigh<0(30)
[3 mod 4]
Xbus[0-71 < 0
¥.7 1 15 X.3 s
i m— R S— 0 e
Y.15 31y yal2 X 11 10 Xobus
Y.3 4o yal X.15 —_—
Y.7 5 55 nS
Y11 5|
Y.15 7 :§ '
S1 S0 OF ?1595 o M_X_L‘R_Qéﬂ__.: max (y +22, 56. 50) nS
gf1o[13] . y TtoY bus
tz.2__ (20) [ 12 25510 data in to out
2.3 __(20) 10 X-bus
EnLRotn’ (£3) —
y+ 22nS
; 33 +to EnLLRotn’
f22 (23 21 25S10 OF
g (1) }:C? 0? 10 X-bus
eft 12
1 0 Ieft8 64n3
1 1 Left4 20 ttof2.2
’ 20 25510 Sclect to X-bus
10, Xbus
50 nS
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0, ibHigh

IB disable X-bus

. . 33 110 XDus«1y’
_18.0_(30) 5 DO 4 X.8 14 S257 15" to X-bus
B4 a0 - 10 X-bus
=8 21D 7 X.9
| Glgy Q1 57 nS
16.2 1'(’) D2 la X.10
8 1182 Q2 Byte disable X-bus
3 D3 12 X.11 N
LI Pt Q3 €557 25 t to Nibble
"7 14 §257 Li' to X-bus
v sg__E 10 X-bus
1Z.2 (20) 1[ 15 49 nS
X8us—18’ (33)
’ Nibble disable X-bus
25 1t0 Ni‘tra‘}zle’ "
ibLow, ibHigh - B S EN o Xobus
18.0_(30) 2 loo 4 X2 50nS
B.4 3 180 Qo aand .
1B.1 5(p1 7 - X.13 Xbus ¢ Nibble = max(39, 50) nS
g'g 1? g1 o 20 o f7,
5E 75102 9 X.14 9 S241 data to X-bus
T Gi2 @2 10 X-bus :
T 171P3 12 X.15 39 nS
: gz 03 5257 n
s | '8 25 1 to Nibble’
civigh’  (34) 1J 15 }g SQ(%?)L;N to X-bus
XBus—1B’ (53) LY.
50 nS
Xbus « Byte = max(38, 56) nS
20 ttofY
0, Byte 8 $257 data to X-bus
- 10 X-bus
2 38 nS
1Yo (20) a{20  qoft X5 o
) e 7 %.9 25 1 to Nibble
.1 (20) [l Qi 2 2(I) §(25’11£’ to X-bus
11 1 -bus
.2 (20) 10 gg a2 .10 56nS
14
D3 12 X.11
1.3 (20) 13 Q3
B3 §$g7 Sce stackP timings {or ErrInt Status
v sB_E
Bute  (28) 15
Nignle' (23)
. . b]
Nibble Err1BPtr .
12.0__(20) 2 [us X.12 EmuErrA’_(20) 2 18 X.8
<e18a el7a
2.1 £20) 4 16 X.13 EmuErrB’_(20) 4 16 X.9
<’ e18b e17b
12.2_ (20) 6 14 X.14 IBPtr.0 (20} 6 14 X.10
<e18c el7¢c
. _12.3 (20) 8 12 X.15 IBPtr.1___ (20) 8 12 X.11
/?’ e18d el7d
S241 S240
e18l e17i
EN’ EN’
1] 1[
Nibbla’ (25) «~ErrlBStkp’ _ (34)
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al.0, EnSU, mem, fY, S

paF.0 _(100) 3 2 aF.0
pEnableSy 4 g? g? 5 tnableSy
BT fip2 Qg A AE
2 103 Q3 :
PV T L s
piG.0 1708 A5y EX
24D6 Qs =
YEN 8157 - q7he 1S.1
S374 20)"
CK otc' c9
KT Y
AlwaysClk-b \/
v Cin, fY.0, fS rA, aD, aFl
pCIN-SE-wrSY 4 2 CIN-SE-wrSU prA.0  (100) 3 2 rA.0
Do 88, 3 CiN-SE-wrsU" pra.l 400 %5 A
pfY.0 _ (100) 5 7 fY.0 _pra.2 7 |6 TA.2
D1 Q1 ; : D2 Qz
Qe 1Y.0 prA3 8103 Q32 A3
p1S.2 12 10 5.2 paD.0 13 i2 aD.0
D2 Q2 ; —21D4 Q4 :
Qi 15.2 paDb. 1 14105 Qslis ab.1
piS.3 131ps g3 18 1S.3 pak.1 7158 Qolle artl.q
Qa4 5.3’ pat.2 1815 Q7he afl.2
cK oL 8178 (20) S374 (20,
- b9 cK_oc’'| d9
AlwaysCik-b 9f 1 HIGH-a ~ 11] i\
e AlwaysCik-b
X, 7,
L0 000 oo aof
X.2 7101 Qlg X2
DX 3 o8 (A i3
i) Ty 7 )
Ee—— =
S374 (20) » @, doll. -
lek _oc'| a9 . .
11 L prB.O0__(100) 3 2 rB.0
AlwaysClk-b l 1\/ pri.i 4 g? 8(1) 5 r. 1
. prB.2 7 D2 Q2 [§] 8.2
prB.3 8 D3 Q3 9 3.3
pasS.0 13 D4 0412 asl.o
. [
. pas.i 14 D5 051o aSl.1
paS.0_ (100) 1 "\ pas.?2 1710 aolb- aS1.2
3 pasSh.0 18 D7 Q7 19 ash.0
pPMAR« (105) 2 508 (113) S374 (20)
b13a CK O!C’ ¢10
T AL
AlwaysCik-b I 1\/
aSh, aFh
h.
paS.1_ (100) 38 Qo ash.1
h,
paS.2 g} Q1 ash.2
aFh.
paF.1 gg Q2 afh.1
D3 aFh.2
paF.2 Q3 :
B3 25509 0)
HIGH-a sB_CK | bi1o
I AlwaysClk-b
pmem (100) )
pMAR«’  (105) 4] 8374 |5 MAR«' (20)
Cycle3 (37) S00 g15c
alSc
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fYNorm ' fYNorm

15 ExitKernol’ 5
Qo’ < QO
. 114 EnterKernel’ . _ |44
1v.1 (20) 3 P g;,m: ClrintEry A7 SN P 8;, 13
. P 412 1BDisp’ \ 12
iY.2 (20) 2 Q3 12 - £Y.2 2 Q3}: ,
2 Gfli— tenalal e Gl cmmen i
1v.3 (20) 1, 955 e 1v.3 1lg, 955 CirkRor T 184
v oaer G Qe (far;mpc:’ 186
o7'if s13s a7 2 T87
EEe | al3 ) EEE| 5138 al4d 33)
Z]e 5 4]6 5 6 nS load
tY.0_(20) prop from Scl=12{2] =14 n§ Y.0'
1S4 (20) prop from En=11[2]=13 nS S.1
5.0 (0] 15.0
fX fZNorm
HIE - J15 Refresh’
x.1 s g?, 14 Rile’ 21 - 3 8?, 13 iitpire L6l
: sS4 G138 2hllt’ : st Go13 IBPtre0’
1z el -T2 Clfl—pci6Z’
fX.2 213 gf{, 11 CitlepaibX’ 12.2 2152 82.11 MapRolZ’
410 MapRefX’ - 410 PopZ'
1X.3 1154 gg,g PopX’ 12.3 sy 82,9 Bushz’
Q7 7 PushX’ X a7’ 4
E’EE | S138 ai2 7 E’EE'| S138 bit (34)
2.0 :
1X.0__(20) iS.20
5.3
{00ut {O0ut
e b aolis——pomatar 5
£Y.1 3 Q17 e 121 fv.1 3 at’ - 128
SR o— SR —
. T e’ = , utSp1e’
2 2l 83,11' XODatac ;g? 1.2 2150 82,11 I0utSp2er 2
1v.3 1 as e XCtle! 123 fY.3 1 asHe QutSpde’ 157
. S1 06'9 DOAD,atae—’ >4 51 QG’? IOutSptk:’ 157
arlz DCU« o ol PODatac 5
E'EE’ ]| 5138 at8 38) E'EE'] $138 a17 38)
4[6[5 : als]5
Y.0 1Y.0"
5.0 5.0
5.1 1S.1
I0In IOIn 8
15 «XiData’ 15 «lOPIData’
Qo' - 31 Qo : , 34
12.1 3 o1id £XStatus 131 121 3 a4 clOBStatus Eu
i (. g m—
N «~KStatus’ s & ’
1Z.2 2 s2 83,11 ePStatus" :gg 122 2 52 83,11 t—1b‘NA'
12.3 1 st :f’(‘)‘?,‘f’s“‘f, 114 12.3 1].. astl :'l‘f)r =
ST aep CIOInSaD7 33 51 Qs’g ibHigh’
a7’ nsSp 35 Q7 «ibHigh 7
' EE'] S138 bi18 (38) E'EE’} S138 b17 (€
4'6 5 . 4ls(s5
12.0 1S.2
527 12.0
1S.3 1S.3
. Project I | Dosi I
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an.o_(0) 11 {>D1o aD.0" (26)
504
clde
Shift’  (34) 1 )
3 sh (39)
Cycle’ (34) 20 SO0
alOa

c:r.xpgcisx* (34)

CINepc16(39)

CiNepc162Z’ (34) 5 o_/ ai0b EnDispBr
PopX’' (34) 9
B 8 Pop (39) 5.0 (2) 2 0 3 Disp8Br’
Popz’ _ (34) 10,0, atoc 15.1_(20) 1 532 (%)
PushX’_(34) 12 clia
11 Push (39) 5
Pushz' (34) 13 al0d . 6 EnDispBr.3A"
£Y.0 (20) 4 ciib (36)
10
8 EnDispBr2-38’
fY.0' (20) 9.4 clic (36)
MapRetX’ (34) 1
3 MapRef I 13 ;
MapRefZ’ (34) 2 5 / S00 “2) {15] 11 EnDispBro-1’
alba . f¥.1 _ (20) 12 c11d (41)
15.2°  (20) 5
6 Nihble’ (25)
£S.3 _ (20) 4 al5b
1S.0__ (20) '
Byte  (28)
£S.1 (20) S08
b13b
iS.2  (20) 2
2.0 (20) 9‘\ 1S.3_ (20) 1 12 XBuselB’
8 fZHigh (28) 13 510 33)
1Z.1 (20) 10 $08 alla
b13¢ 4
5.2’ (20) 3 5 EnLRotn’
15.37 (20} 5 at1b (33)
1S.2_ (20) 10
18.3 _ (20) 9 .8 XByte’ 12
12.0__(20) 11 atic (25) 11 Xhighe0
13 S00 (30)
Nibble’ (25) | y al5d
XEROX Project Lile Designer Rev § Date Page
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DispBrf2-3]=max(c-+ 26,55,68)

20 TtofY _
15(2} SS;ISl/ZSS s?l(xict to DispBr -
5 00 intop1C X.12 isp ’ ,
6[—11. S648n l&l;TIA Y.12 }\({)rsn gg Qo' DispBr.Q
Sl 2550978374 setup X.13 XDisp .
— e - D1 , DispBr.1'
S1[4]=55 nS v.13 YDisp g1 O {T19max)’
"P2  Qarie
36“ g tgllix?lg)ispm“D B =B2
13(2] 151/258 11" to DispBr HD3 ,
5 SO0 intopIC sgg @3 *5258
6il S64 in to pNIA a8 E? 10
S 25509/8374 sctup 20 "l
47— 1Y.3 20,
65[4]=68 nS EnDispBro-1’ (11}
c condition source -
M S151/258 data to DispBr
) 64 in Lo pi X.14 XD
Y ) 3 Disp 4
S 25509/S5374 setup VY YDin 3{00
c-+23[3}=c+26nS CSParerr (23 CSCADEp 3|1
3571 1008 p.0 TODED P2
X.7 Apchisp 1503 Y g DispRr.2’
X.4 AanhDisp 14{D4 w’ L
X.8 RIDsp 13 |DS (119max)
X.8 XwdDisp 12 g?
Y.l (20) 9
V.2 (20) 1034
.3 (20) 1192 S151
S1 g 111
7
EnDispBr2-38° _ (36)
£.0 NegBr 4 .
FZero ZeroBr 3|Po
OVR OvBr 5 |D1
Mesalnt : %\)Icsagnlﬂr 1 gg 5
PageCarry apcCarnvBr 15 Y . ,
Carry CarrvBr 14| P4 w2 D[a?pBr.{M
X1 RelBr 13 gg (119max)
)(.?2 DirtyBr 12 b7
fY.1 20) al
.2 () 30154
Y.3___ (20) 11132 S151
S1 g el
7
EnDispBr.3A’ _ (36)
X.15 XDisp 4
Y.15 Y Disp 3|P0
Cyclez (23] CSCIDED 2101
735 10Disp.1 10Disp 1|P2
pci6’  (20) ApeDisp 75103 Y-g DispBr.3B"
X.0 XhDisp 144w T
X145 K5 13]05 (119max)
X.9 XwdDisp 12 b7
fY.1 (20) 9
.2 (20) 10154
.3 (20) 11152 S151
S1 g e10
7
EnDispBr2-38’ ___ (36)
XEROX Project Lile Designer Rev § Date Page
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pNIA[0-3] pNIA[4-7]
INIA.O__ (100) 2 I , INIA. 4 (100) 2} s
GhD 309 o ft pNIA.0 5.0 (/(jy) Y ERGe & pHIA.4
INTA.1__(100) 5 , iNTALS 01 51 ,
HIGH-b . ’ clpt arf RHIA. 1 8.1 (/(w) 6ln; orf PMIA.5
INITAL2 00y K s NIALG 00) 11 ,
Mosaint (/(2()) 10|07 Q2 9 pMIA.2 .2 (/(3()}) i0loa a2 RNIA.6
iNIA.3 (7)) P4 NIA.7 00 4 .
—=1D3 12 pNIA. 3’ D3 12 pNIA. 7!
1B8Ptr 1 (20) 13 Q3 o 3.3 (30) 13 Q3 AL
@63 LS158 (127) B3 LS158 (127)
SB__E h10 s8_E’ gi0
118 1 ] i5
Refilllntc2  (94) GoodIBDispc2  (94)
EKErrc2  (20) EKCrrc2 (20)
pNIA[0-7]==max(127, 120, 46) nS
94 1 {o Refilllnte? 100 T 1o INIA 20 tto EKErre2
243 1.5158 SB to pNIA’ 122 LS 158 data to pNIA® 18[2 LS158 [ to pNIA®
S{1 25509/8374 sctup Si1 25509/5374 sctup 5t 25509/8374 setup
123{#]=127 nS 117{3]=120 nS " 43(3]=46nS
(See page 11 for pNIA[S8-11] timing)
pNIAS pNIA9
Link.Q’ 1 _gnk 1’ 4
g : 3 ([24pTC).O arg 6 ([24pTCj1_
DispBr.0” 2 S00 max, DispBr.1’ S00 max,
“({T9max) 9 d10a I._L “({19max) d10b |
1342 1314
Swec3’ (20) [12 g Swc3’ 20) [12 g
CKErrc2’_ (20) 1115 EKErrc2’_ (J0) L
3 I 3
s} b
INIA.8_(100) 2 1y INIA.O _ (100) 2 1y
) pNIA.8’ - — NIA 9
sSwed  (20) 6 : 13Tmax) Swe3 (20) 6 lenm\’
T€.0 (20) 4 |¢ TC. 1 (20) 4 |¢
' 518 [C5]¢
1B.4 (30) 9 S64 1B.5 (30) 9 S64
d gtt d ntt
GoodIBDispc2 (94) 10 1y GoodIBDispc2  (94) 10 |y
pNIA.10 pNIA.11
Link.2’ _Link.3’ 13 :

[; 8 pTC.2 DispBr.3A’ 2 12 pTC.3
DispBr.2' 10 00 (I 2dmax) _DispBr.3B’ 1 - S10 (124max)
(1T%max) 9 d1oc |, “U9maxy) 9 dita 4

1314 1312
Swed’ (20) [iz2]a Swec3! (20) [12 g
EKErrc2’_ (0] 1113 EKErrg2  (20) 1115
3 | 3
b b
INIA.10_(100) 2|y INIA.11 (100) 2 D‘l_
= 8 pNIA.10’ 8 PpNIA.1T
Swc3 (20) 6 — [3Tmax) Swe3 (20) 6 — max,
TC.2 (20) 4 ¢ ' TC.3 (20) 4 g
518 [_&]¢
iB.6 (30) 9 S64 1B.7 (30) 9 $64
d S d 10
GoodIBDispe2 (94) 10 |4 GoodiBDispc2 (94) 10 |g
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CS Timing_ N

{; 1 to NIA? TPC[O'?S] “NIAJ0-3]
transmission defay _GMD -
70 (AA 21471, NLO (7T 1A A3 AM2970T pia 0'(127) 3o s A
100 nS ,,[\5._____" 15 | A1 TPC.0" (103) 4 B0 QO e A
TS 11/ BNIAT (2l e ; NIA1Y
AO TPC.1' 5 81 Q)
MIAX.0’ 121, 11 pMIA.2’ 11 ,
NIAX[0-7] s R ol I 2 Y Ll
: RS Sip1 aiff ! e 13{pa 15 NIA.3
) o~ ‘DO Qo 2 83 L S 77) )
LBNIALO_ 2100 aof2 . 20) g Wi 25509
.,QNI:;‘\ ; -—~—-‘/‘ D1 a1 3,3 af g [ 17
j?r“m}m &lp2  a2fz : Write TPC? ‘J _,SMC{QI_ﬂ °
TpNIAA i3 D3 Q35— AtwaysClk-a
TpHIAST 14 gg 8‘; 5 -
NiA.ﬁ' ——1—1 D5 0;3 16 . I! C[4'7] N[A[4'7]
TpNIA7 13 79 _GND__ 13 .
127 07 Q7rs3Ta NGO (77 14|73 i”_"MZQ/O‘pr«nAA'(/Z?) <1 P 2 A4
cx_oc]ia TREA 1542 TpC.a (103) 1|00 qoff——NAL
AlwaysCik-a “] 1 N2 1 AO pNIA.5 S D1 7 NIA.S5’
SwrAddr {J0) NIAXA? 12 : TRC.5 5lgy  QIf :
mALd 2ipa  qafdd [ BMIA.G LR P 10 NIA.G’
X5 10155 aale TPC.6 12 1p5 Qe ————
NIAK.G Sipr a1t I pNIA.7 14153  NIAT
TPCITC dmica NIAX.7 4100 aols TPC.7 1353 03————————7;7
_TPC/IC timing (20) cs' WE' 25309
7 o Nt 33 SB_GCK
25”. 29701 addr to"TPC’ WriteTPC’ v l Swe2(20) e
255(9/5374 setup e o - AlwaysCik-a
107[2]= 109 S
TPC[8-11] NIA[8-11]
Link timing GND 13 :

— , _ T A3 AM29701 ,
T« = 1 /< R T ST U A
22['] %;60.0 ﬂldd‘fl%‘"“k N2 1M PNIAG 5180

Stidintop —_——— et AO = D1 7 NIA.O®
6 } S64in to pNIA® NIAX.8’ 12 14 ;:\;ﬁ\'gm, 1‘3 81 a1
] 55097837 - : : '
S 255175374 setup Mg 15(% 95 | pHIA10 oz e NIA.10
61[3] =64 nS ‘ NIAX D slof ol pNIAIT 1452 ,
o NIAX.I1T a1y gol2 TPC.11’ 3|02 oaft? MIALL
98 111 of Writel ink’ (20} e B3 25500 (¢4
2001] 29701 WE to TPC 5 - sB ck | i9
: SC0 in to . ] =
an Sk log}\({/\ Write TPC? Swe2(20 e
SH 2550975374 selup AlwaysClica
134[3]= 137 nS
4 Link 220-330 Pullups
GND 13 : '
X1 2014 |h3 29700 1l FPLAT oRO
' } 1X.2 5 1 9
NIAX[8-11] : 124 24 A Xpo  piofte
(13Imax) _ AO 4: pi-"‘_ g:_’; 7
NIA.8’ 3 2 20) 12 11 Link.0’ P -
P, oo qoff ( 2103 a3 nk.0 Sips  p1ofe
D 57 ol be  Qolg Link.1 5 5
pPNIA IO 7100 qQal® 6 27 Link.2’ 7iP6  PI5HY
PNIA. 117 El 9 N Qg Link.3’ g|pP7  Plapy
pTC.0 13108 Q353 bo = QO o|P8  PI3f5
pTC.A 2bs qaliZ CS’ WE’ (119) ool po p12-k
- ] 4 1
1 15 Qs 2[ 3 Ypio P11
prC.2 7 le Qeli8 20 P10
pTC.3 (1 PN i T 1X.0__(20) hi3
(124max) S374 WriteLink
CK _0oC’{h9 ' -
AlwaysClk-a “l 1 D e
SwTAddr_{J0) IC I'CHold
X ND
ﬁt.o 13183 AM29701
::jm:;Nt1 13a2 a9 4po  aolk
Nt.2 1M ot Q‘%
——=5——no g]°2 9243
TCX.0 12] . galtt TCY.0 (103) 13108 By TC.0
TCX A 10005 a»ld TCY.1 2N PN i TC. 1
TCX.2 6107 Qi TCY.2 17]0a  Qalie 7C.2
TCX.3 4100 qol® TCY.3 8o qrhe TC.3
(20) cs’ we S374 20)
2, 3 cx_oc'| 1o
WriteTC’ AlwaysClk-a H 1§[7
. DrOiee 3 ) o . : 7
XEROX Project PC.TC. & Link Iile Designer Rev § Date Page
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‘ ;‘ NT’PU\EZO ”g Pullup Option Card request lines.
P2 Pi9fig
a{pPs P18
5|P4  PITHG RofReqy’
glPs  DIos DPReq
Flee  PISHET xR o
g,, p7 P14 14 XReq'
o°| P8 P13y
107} P9 P12 "1
1o P ScheduleProm-B
GND 15 Mool o
51 Clicko_ (0] {1 1" Tasks
Cilick.1_(20) 17 Q3 )
154l Click.2_(0) e 12 | NL.O_(77) 3 2 ct.o_(30)
35 DPReq’ (22) 2|5 a2 : : DO QO :
Sy A5 l Nt.1 (77) 415 5 [T
51— 10PReq’ (22) 3 1na 13 NL2 (77) 71l Qlrs Cto
= XReq'  (22) 41", Q1 o - D2 Q2 s .
38 5 = A3 Nt=Emu(/7) 8 9 Ct=Emu (30)
57 —KBea'__(22) {12 14| G0 (30) 3PS Aoy PLO
ReflRoq (22) 610 Qop— e 5y D4 Q4= = [
83 - At ct.1_ (20) 14 15 P -
KernReq' (20) S4no0 - L2 (30) 77105 Qbhg Pt 164
) e, | F93453 Ct=Emu (30 15|08 QSKg Plary Le2
CS’ CS’1h19 D7 Q7 <377
5wTAc!5|r(20_) 10] al CK EN 519
Cycle2' (15) TET i
AlwaysClk-c
Pt.0 (30) 17 \3 Cycle2  (22)
el8e
pt.1 (30) 15 <5'
<e18f
P2 (30) 13 7
/rewg
$341
e18]
‘ EN
Cycle2 (22) 8 19
10 NtePpt
SwTAddy20) 9 502 28,
al9c
SwitchProm-B
ct.o_ (30) 15 ’
A7 9 Swe? 7 1S374 |6 Swc3
. 30
Gl H,} Ide 03 (172) 117d 0
Nt.O (77) 3 22 021,0 AlwaysClk
Nt _(77) 4 1a3 11 Swe2’ 8 9 Swc3’
N2 (77) 7 Q1 . IC it7e &
Cyeia (72 g|h2 ) (12%) (20)
Waitc2' (20) 5 Ao QOJ’ AlwaysCI
F93427
cS’ ‘([IS’ i18
4713
O
Swc? timing =max(133,101,101)
22 1 to Kreq’
55 193453 addr to Nt
Nt (Prom) Nt Ct Pt 45 193427 addr to Swe2
cal 3$ Previous Current Previous 1001, 25509 SBsctup
c2 Next Next Current Previous 132[1]=133 nS
c3 3-S Current Next Current
20 1 to SwTAddr
25 F93453 CS’ to Nt
45 193427 addr to Swc2
1071 25509 SBsctup
100{1] =101 n$
28 1to NtePt
152]  S241LENto Nt
45 193427 addr to Swc2
1001 . 25809 SBsctup
98[3]=101nS
XEROX Project ‘ File Designer Rev § Date Page
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MemErr (60) 12
(156} \11___pEME 18] 147 he
Pt =Emu (30) 13 J 508 (V%)
b13d VTCTR
CSintProm-B
15187 9 CSE_ 7 6
CSPar.0_(20) 1lhs Q3 B2 hi7d
CSPar .t (1)) 2 A5 10
CSPar,2 (2}) 3laa Q2 VaitClk
CSPar.a (1) 3 ErrorProm-B
Mesaintiig (i) 7| qQiftt——PML_B1 yq74 [
ClrintErr’ I;l) 6 Al 12 GND
Mesalnt __ /20) 5 AO Qo VaitClk quMmerr(W—_é‘Ag ‘ ' o 7 g15d 5] EKErrg2’
F93427 AB A1 pEK’ | 20)
cs' cs'| nis CSParErr ?)Ug A7 Q3=
} StackErr 20 1
“[ '31 VirtAdAETr (20) 2 ﬁ? Qo2 REK 81 5, 12 EF)%””
ClrintErr’ — (34) 3 Az 13 EAY g
Ct=Emu ___(30) 2 s fo R LA B 13 12
Cycled (21) 7 A2 14 oER 1 g15¢ ~
EmuEreA”  (20) 6 Qo
. EmuErrB’ (0] 5 Rg) 14 15
StackVirtProtn-B F93453 g15g
CS’ . ¢s' | his
stackP.0 (J6) 15 (49 10] BKL AlwaysCl
stackP.1 (oh) 16 - v '
stackP.2 (o) _171~5  qaft—BSE_134 47y 112
stackP.3. {0} 1 AS 12
Push (.;v; |AS a2th VarClk
Pop {3y 3 - 5374
YO (19) 7 ﬁg Qi3 BVE 141 44,4 HS g15j
_YH.1 (345} 7 {a2 14 CK OC]
Mapnefm%u gm QO atClk AlwaysCli-c Hl 1
2 AO v
F93453
cS’ ¢S'|c17 5374
10] 8] h17}
CK 0OC
_waitck | 147
CSintProm/KernPC16 timing
34 *to CirlntErr
45 93227 addr to pMI
s S374 sctup
A1]= R
B[1)=85 05 KernPC16Prom-B
StackVirtProm/ErrorProm timing
39 110 Y1LO GND 15
55 93453 addrtopVE ————{A7 9 pKR’ 4| s3r4 |5 KernReq’
_ S, S374setup _ ae @3 i17c¢ (20)
CSPaiErr (20) 2 AL o
89{1]=90 nS ExitKernol (3% El VA azl¥ Alway<Clk
EnterKernel’ (14 a1 s
iOPWait () 7 Qg Qi BPC 17 hi7n H8
CINepci6 (39) 6 1a3 5
pcid’ (20) G W aotk aiC
F93427
cs' _cs'l 16
T
U
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' Cycles
Clock Receivers Y

Wait (G1) 2
3

5 pCLK 5
Dl()y(mﬁ 4 pAlwaysGLK? Cycled’ 5
Gloas) =g ST K 7 757

[ Stelet’ 1 ™2 Cyclet
e 008, T3100p) - sS04 (22, [71p)

1 pWaitCLK di3a

e 2
; Cycle2’ 3 ,<4 __Cycle2
a19a TN g ey ‘< ai3b (22 T7op)

Cycled

6
| 50403 200)
cldc

O

Qualified Clocks

pAlwaysCLK? 5 ,NG AlwaysClk-a
(Odt, 133) ‘~<d13c 3r, 157)
9 8 AlwaysClk-bh
C< d13d 95+, 137)
11 10 AlwaysClk-c
] < d13e 98+, 137)
pWaitC[(}!})' 13 12 WaitCik
(47, - di13t (937, 137)
g . /
3 WriteSU’
CIN-SE-wiSU (20) | 1 S00 (98¢, 137)
. dida
5
6 WriteLink’
MNIAX.7’ (20) 4 d14b 93+, 137)
.,0 = .
8 WriteTC?
Cyclel (21) 9 didc (957, 137)
' 13
11 WriteRH’
_RHe? 3 4 RHe (39) 12 d14d (931, 137)
G4) ‘ cl14b o L
a
Cycled (37) 2 ;L 6 . WiiteTPC’
. D‘r S51 (9971, 138)
13a
— WiTPCLow’ 9 8 WrTPClow I 51y ¢
[Agiprelon’ 9 «u[>c14d
_GND 4
GND___ 10
18’ (34) 9 6 WritelB
Vait__ (6/) 8 ~ S$260 (941,133)
ppCLK (907, 129) 11 d16b
Wait Control

OPWait_(20) 1 _
ILS“D-LDZB 17{ saza 1o 18] o ho waites (20)

EémDisp-Proc’ (??) ) - 915h ,
10 D'rcwb AlwaysClk AlwaysCIk

5
Waltc2’ (20) 4 6 Wait
5 Proctow . , Ol
d16a'—713)—|‘ | Waitc1®' (55) 3 3;%) ‘ (6()

Detects low bauk for max 1024K mem.

Qo

Iy ' 3 Acy . e
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NIA.OQ® 12
NI 1a’ s B NIA.Oa’ 12
iR Za 1| A0 NWEY IEY A
NIA.2a’ 7i; | A9 NIA 2 14| A10
HIA 437 6] A8 NTA 32 75 A9
NIA.5a’ 17 M “HIA AW 751 A8
NIA B6a’ A 7 NIAGa’ 371 A7
NIA. 78’ 5| AS pO o RIAO NIA.6a & A6 7 A
NIA.Ba" a| A4 NLWEY 51A5 DO prA;
NIA.9a’ 31 A3 NiA.8a’ 7 As
NIA. 102 >} A2 NIA.Sa’ 5| A3
NIA. 112’ 7 Al NIA. 102’ 5] A2
CSin.0 717} AO MIA 119’ T Al
CSWEQ’ 5| PIN CSin.1 7T A0
GND 0| WE 12147 CSWL.’ a| DIN
Gs’ al GND 51 We’ 2147
Cs! b1
MIA.Oa’ 12
NSEN T51A NIA.OQ’ 121
MNiA 22’ 1] A0 NIA 12 13 At
NIA 3a 151 A9 NIA 20 T A10
NIA. A i6 A8 NIA.3Y 5 A9
NIA.5a’ 771 A7 NIA. 4o 16 A8
NIA.6a’ 517G 7 NIA Sa; 71 A7
NTA. 72’ 5 AS po————prA:2 NIA G 51 A6 7 Aa
MNIA.8a’ i A NIA.72 | A5 DO prA.3
NIA.9 7| A3 NIA.8a’ AN
NiA.10a’ 5 A2 MiA.9a’ 31 A3
NIA 11a’ i Al NIA.10a’ 5| A2
CSin.2 711 AO NiA. 11a’ T A1
_CSWE o’ & PN CSlIn.3 71| A0
GND 161 WE' 12147 CSWE.a’ 7] DIN
.CS! cl GND 7o} WE i2147
Ccs? d1
NIA.Oa’ 12 .
NIA.1a’ 13 Al NiAOa’ 12
NiA.2a' 14 A10 NIA.1a’ 13 Al
NIA 3a’ . 151 A9 NIA.2a0 741 A0
NIA da® s A8 MIA 32 151 A9 i
NiA.5a’ 17 A7 NIA. 40’ 16 A8
NIA.Ga’ 51 A8 7 NIA5a’ 371 A7
NiA.7a £ AS 1Y) LA————..11:20) NIA Ga’ 5] A8 7 .
NIA .8a’ a| A4 NIA 72’ 5| A5 DO prB.
NIA.9a’ 7 A3 NIA 8a’ | A4
NiA.10a’ 5] A2 NIA9a’ 3| A3
NIA 112’ T1AY MNIA.10a" > A2
CSin.4 771 A0 NIA. 118’ 1M
CSWE.a’ 5| DIN 12147 CSin.5 71| A0
GND 10| WE' CSWE.a' a7 DN
cs’ el GND o] WE' 12147
Cs!’ 1
NIA.Oa’ 12
NIA 1a’ T3 A1 NIA.Oa’ 12
NIA 22’ T4 A0 NIA 12’ T3] AN
NIA.32' 751 A9 NIA 22’ 4] A0
NIA 45 6| A8 NIA.3a% 151 A9
NIA 52’ 171 A7 , NIA.4a’ 16 ﬁ\\?v
NIA 62’ A B 7 NIA 5a’ 171 A7
NIA. 72 51 AS poff—————Pr8:2 NIA 6a’ 51 AS 2 5.3
NIA_8a’ A1 A NIA 7’ 51 A5 DO prB.
NiA.9a’ 3 A3 NIA_ 82’ ] A4
NIA.10a’ 2| A2 NiA.9a’ 3] A3
NIA 11 11 AL NIA-10a’ 2 A2
CSin.6 311 AC NiA 112 1AL
CSWE.a' 5| DIN CSin.7 71| AO
GND 101 WE' 12147 CSWE a7 g| DN
CS’ gt GND Jo01 WE i2147
Cs’ hi
wp Project .
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NIA.Ob’ 12 ) ’
SEWIS 15| A1 SIS 15| A
“HiA Db 74| A 10 Ty A10
2b {7 A A 2 73
m:i:: :g o FiiA.3D7 15 A9
NIAAL: Gt 57 NiA.db? 16| 2
NIA G’ 5] AS 7 pas.0 ?1{223 lé AS
TNIA 4S.0_ Y 7 as.1
m.ﬂa: 5 ﬁi Do NiA7b 5 23 Do Ba-.
Nl/\-gg’ 3 A3 NiA D +As
NG S NiA.Ob | A
IiA 105 2| 12 NIA 10D 2| 43
znbf\'t(;u 111 " MIALID i
’ - 5
CswepT——som | CovED 0
, 7 SYE, we? 12147
GND !
19] ¢ a2 GHD 0]cs b2
MIA.Ob’ 12 NIA.Ob? 12
1 * -4 A . 3
TA.ib 3 /\1(1) NiA 167 13 2](’)
:22? 141 %o NIA2D LY A
A3 12 e NiA2D’ KX v
4D’ e HIA.ab 16| A5
NIASD 171 he FIA 5D 7| AL .
AGD? \6 7 pas.2 NiAGD 5 7 paF.o
::23;' 5 2(; Do NIA.7D’ 5 ﬁi po
NTAOL g A3 mﬁgﬁ g A3
NIA. 10D 2] A2 NIA. 105 5] A2
FiA 11D 1] A NiA 1D (A
CSin.2 71 A0 Csng iT] A0
T | DIN 2Sin.3 DIN .
CSVIL. 2 e 12147 CSWIED g e 2147
o 2 GND 107 &, d2
NIA.Ob’ 12 NIA.Ob’ 12
; At b A1
NIA.1b 21 Mo NIATD? YN
NIA.3D 757 A9 NTA 55 1| A9
NIA.3b EYI NIA.3D’ 5| A9
N'A.Sb, 1S A7 Nl/\/“)' 1{5 A7
NIA.GD’ 5l e polZ— paF. 1 HiA S & no 7 paF.2
NIA.7D 5105 NIA.7D 5|75 DO
NIA.6b ajne NIABD o e
NIA.gb EX N NIA.9L 3l s
NIA. 1007 2] ] NIA. 108 P
CS';.‘4 o AO NIA.11hb 1 AOD
CSWE.D' N o 12147 ggc}i’fb' 1 ow
=2 , : ' WE’ 2147
GND 9] de 2 GND o] J& o
NIA.Ob’ 12 NIA.Ob’ 12
- A1 : :
NIA 1D’ EY I NIA. 1D’ (I
NIA2b] 14| Al NIA 2D’ 14| e
NIA.3b 15 13 MIA.3D 151 A9
NiA.db 161 25 NIAAL 16| o
NIA.5b 1; e , NIA.5Db A A
&b’ 6 paD.0_ NIA.6b 5 7 paD.1
m/:.;g: 5 ﬁ;{ DO NIA 75 5 22 Do
NIA b g A3 ﬁ:ﬁgg  As
NIA. 10D 2] A? 00 A2
Nia. 108 21 1 NIA.1087 2| A2
CSin.6 T1] A0 2?&:? 111 AQ
CSWE.D’ g DIN CSWE.D g | DIN
S o we 12147 o 2 wer 2147
cs’ g2 cs’ h2
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MIA.Cc? 12 MIA.OC’ 12
NIA G 13 ﬁ}:) NIA G 13 ﬁ:g
NIA20 T I NIA 76" | Al
NiA 30 15| A MiA.3o 15| NS
MIA . AG’ 16 A7 MIA.4c’ 16 A7
NIA BC 17| A7 NIA60" AN
NIA G0 a1hS Lol __pEP NIA 6C 1A% olZ__pCiNSEwrsy
NIA. 76" 5108 NIA.7C' X VA
NiA B0 alhs NIA 807 afhd
FIA 90 | A3 NiA.9G | A5
NIA 106 2| A3 NIA 108 2| £2
NIA Tic) [ W NiA 11c [
CSin.0 1| A0 CSin 1 T A0,
(é{?;\r,)vc'c 2l we 12147 gﬁ‘[’f‘”“ : 2 we 12147
cs’ a3 cs’ b3
MIA.OC’ 12 NIA.O¢’ 121 ..
HIA.dC 13 2]3 NIAIC 13 2:(‘)
NIA.2¢’ 14 AO NIA.2¢7 14 A9
NIA.3¢" 15| 7o NIA 37 15| A9
NIA 4c’ i) A NiAdc 16140
NIA BC il NIA Go? 17| Al
NIA.O¢’ G?As DO7 pEnableSU NIA.Gg’ 8 A5 DO 7 pmem
NIA T 5IAS NIA 76 1 VA
NIA 80 a|he FiABc ajhe
NIA.9C 31hS NiA.9¢’ N AP
NIA 10 2| A2 NIA. 1007 27| A%
NIATIC N NIAT1G i
CSin.2 0 CSin.3 1] A%
CSWED X oo 12147 CSWE.G" 2y [ 12147
GND 0] e 3 GND 10 X5 a3
NIA.OC’ 12 MIA.OC’ 12
NIAAC 13 ﬁ}g NIA T 13 ﬁ‘\}é
NIA.BC) 14| nd NIA. 26’ (L AN
NiA.dc 151 A9 NIA.3c" 15| A
NIA . 4c¢’ 16 A7 NIA . Ac’ 16 A7
NIAGG A YA NIASG 7| he
NIA 60 5148 Lol pfS.0 NIA 667 6l he Lolz piS.1
NIA.7C 5105 . NIA7¢C 5180
MIA.8¢’ 4 A3 NIA.8c¢’ 4 A3
NIA.9C 3| AS HIAOC N I
NIA10C 2|43 NIA.10G 2| A3
NIA.11c’ 1 AO NiA.11c’ 1 AO
CSin.a | 50 Csinb it 89
CSWED s | DM CSWE.S' g | DN 12147
GND 0| WE 12147 GND 7o | WE 3
cs’ e3 cs’
NIA.Og’ 12 NIA.OC? 12] ..
NIA.1c¢’ 13 ﬁ:a NIA.1c’ 13 f‘\\,:g
NIA 207 14] 7g NIA. 26" 14| Al
NiA.dc 151 po NIA.3C 15| o
NIA A 16| A% NIAAGC 16 45
NIABG 7] e NIA.Goo 7] e
NIA.6C° 61hS Lolz pSs.2 NIA.GG” 61hS olz pis.3
NIATC 5103 NIA.7¢" 51ha .
NIA.8C' 7 [0 NIA. 86 a|he
NIA.SC’ X N NIA 9c 3] A
NIA.10G" 2] A3 NIA.10G 2| 12
NIA 11T I NIA11c" T8
CSin.6 11 DIN CSin.7 11 DIN
gﬁ\é.ve.c Slwe 12147 St S we 12147
cs’ a3 cs' 3
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NIA.OQ? 121 .. NIA.OJ? 120 ...
NIA, L’ KT TN NIA T 13 M
NIA.2d7 Al ne NIA D" {23 AN
NIA. Gd N A RIA 37 5| A
NIA. A" 161 79 NiA.Ad 16| 72
NIA S A v NIA B 17| AL
NIAGA Gl1hS Lolz ptY.0 NIAGA? Y AN | pIv.1
NIA 7d" 5185 NIAZd X VA
NiA.Bd 73 o NIA B afns
NIA 97 2 AP NIAOd 3| A3
NIAL 10T 2| 3 NIA 10T X I
NIA 1P T Y Nin 1id’ i Al
CSin.0 Ll oin CSin.1 1 o
= ’ A o )
it S we 12147 GSuEd Slwe 12147
cs’ a4 cs’ b4
NIA.OQ" 12 NIA.Od" 12
NIA 13 m; NIA.id 13 2}(1)
NIA 2d7 4| Ao NIA 2d7 1| A
NIA 3¢ 151 49 NIA. 30" KA I
NIA A 6] Ao NIA A’ 6| A2
NIA 5 Al VA NIA 5d° A I
NIA.60" 618 Lolz pIY.2 FiA 60" ) A piy.3
NIA 7 51 NiA7d 5|A%
NIA B alna NIA 8d’ 3 e
NiA.Od" 3| A NIA.Sd" X AP
NIA.10d" 2| A2 NIA. 10T 7| A2
RIA T 1 il NIAT1d {1
Csine Ty A%, CSin3 (KN A
Lo 2 we 12147 GoNE.d 2 we 12147
cs’ c4 cs' d4
NIA.Od’ 121 .. NIA.Od’ 12
NIAAD 13 21'2) NIA 1D 13 ﬁ:é
NIA.2d" 2N NIA2d {2
MIA 3d7 15 49 NIA.Gd" 15 79 .
NIA4d 16| A5 NIA Ad” 15| A3
NIA.BA" 7] e NIA S AP )
NIA.60° N N | INIA.O NIA 6d° Y NN INIA. 1
NIAZd 510 NIA.7d] 51h°
NIA 84" af i NIA .84’ a|n
NIA 9d" N NIA.Od’ 4 N
NIA. 10T 2] 32 NIA 10T 2| A3
NIA 110 a0 NIAT1d {0 A
CSin.a ] oy CSin5 0| oy
CSWED g | DIN CSWET 8| DN 12147
GND 7o | WE 12147 GND 10| WE f4
cs’ ed cs’
\
MIA.Od’ 12 NIA.Od’ 12
NIA.1d” 13| rld NIA.1d” EI NN
NIA 24" 1] A3 NIAZd 14 ha
NIA 3¢ 15| A0 NIA 3’ 5|
NIA A LA A NIA.dd’ 16| A5
NIA B il NIA.5d’ 17 e
NIA G’ &l he polz INIA.2 NIA.Gd’ 6lhe Lolz INIA.3 .
NIAZd 5109 NIA7d" 5145
NIA.Sd’ 4] e NIA.8d’ alha
NIA.Od’ X P NIA.9d’ 3|5
NIA.10d° 2143 NIA. 10T 2] 3
NIA. 11" | e NIAILd i
CSIn.G 1| A0 CSIn.7 (I i
SoWEd 2lwe 12147 gﬁ‘[‘;""" Slwe i2147
CS’ g4 cs? h4
) Do > fone M
YEROX Project ‘ , File Designer Rev § Date Page
spb | Dandclion | Control Store D [24-31] LionTead20.sil | Garner : Bl 10/10/79
s S EeS ST IS YR S A R By P A




' 2 MIA.Oe’ 12] ...
Nia0e; E{ A NIA e AN
MIA e 13} A0 _MNIA. ¢ 1A 10
“NIA2¢’ 14 MIA.O¢' EEN
FiA. 307 15| A9 FIA.30" 157 A9

ey 6| A8 NIA.do" 16
NiA.do T "

7 7 MIA.5o’ 17 .
e &l re ; TA 6o 6 A® 7 pIX.1
NiA.Go &l ns polZ pIX.0 NIA 6o 6175 vo
NIA.7e’ 5 Ad U\.7L' Ad

3 A 8o 4
HiA 8o Ao A3

; ~ NIA. Qo 3
NIA.O6 X 3] A

i A NIA 108 >
MIA. 100 2|13 "

; NIAT IO 1
A i1 N ‘ o
S 11 CSin.1 1
Goln.0 DIN bl 2| oy
CSWE.g' 8| we 12147 gﬁ‘[’)’--"’ o we 12147
GNO 10] cgr a6 2! cs' b5
NIA.Oe’ 12 NIA.Oe’ 12] 20

T3] AN NIA. 1o’ 73] A
NIA 10 3 e

g T4 A10 FIA. 2o 14
NIA. 26 4 2N A
HIA.dG 151 A9 NIA 3o’ 15| AS

7 A8 NIA.dc’ 6
NIA. 40 16| 45 A

g AN NIA5G 17 _

NiA Bo 7] he ) i I YA . s
NIA. 6o’ X N pIX.2 1A G Ae polL .
NIA 76 5 IA.76" 1 VA

: 7 A4 NiA 8o’ 2

HiA feo 7 A3

N A NIA.Oo 3
NIA S¢ N A2

7 NIA 1007 2
NIA. 106 P A1

5 NIA 110’ i
NIA.11e -1 AD L AO
CSin.2 11 DIN CSin.3 i 11 DIN
CSWE.¢. 8 | we 2147 chge.e 12 WE’ i2147
GND 101 cs c5 g cs’ das

’ NiA.Oe’ 12
NIA T An NIA ie 13 Al
NiA.le i3] Al Ao

7 A0 NIA.2¢’ 14
NIA 20 2N e ; o
NIk 30’ TEY A NIA.3e’ 5] 49
NIA 4o’ 161 45 NiA.4c’ 6| A2
NIA 5o’ A A NIA.Se’ 7] %6 , ins
NIA.6O’ 5 ool? INIA.4 NIA 6o Y o )

7o 5] A5 : NIA.7¢" 5
NIA.7e S| ra A4
NIA.8¢’ a4 NIA 8¢’ T N
ASc A3 NIA.Ge’ 3
MIA.9e Y N i A2
"MIA_10e’ 2 NIA. 106 21 A
T1e® A FiA 110 1
NiA.11e 7 1 a0
AO CSIn.5 11
CSin.4 11 DIN 5 3 DIN
COWE.e' 81 wer i2147 gﬁ\g&.e 2 we' 12147
GND 0 cs e5 cs' 5

, 12| ... NIA.Og’ 12
NiA TS ATl NIA 1o’ 131 AN
NIA.16 13 A10

- A10 NIA.2¢’ 14
NIA 26 14 A9

7 5| A9 NIA 3’ 15
NIA.3e 15 A8

7 A8 NIA 40’ 16
NIA 4e 16| 45 ' 1617
NIA 5o’ (A A NIA 5o’ b . i
NIA.6O 5| he polz INIA.6 NIA.G¢” AY bo )
NIA 70 5 NiA.70 51 o .

-y Ad NIA.8¢ 4
NIA.8e 4 3 A3

7 3] A NIA9G 3
NIA.Qe 3 A2 0 A2
NIA 1087 2 NiA. 108 2| 3

EETY M NAd1e 1
NIA 116 1 AO
5 AO CSIn.7 T1
CSin.6 1) bin S +{ pin
COWE.0' 81 we 12147 gND 8 = we 12147
GND 10] cgr o5 cs h5
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NIA.OP 121 .. MIA.OP 12
MIA T 13 211(') RTAAL 13 2:(1)
NIAZT LA NiABD R A
NiA 3P {2 o A 3T 15| AD
NIA. A1 {1 AP NiAAD 16| A9
AT [l I NIA G 17| e
:ﬁ? 1% poll piZ.0 HIAS( 6l A Lol pIz.1
i Y WA AT Y
NIABD alhe HIABD W
NIAG1 3] no NIA.Of 0N e
NIAAGD XN NIAOF X
NIA 11D Tl RS RNIA T ID 1A
CSIn.0 11 DIN CSin.t 11 DIM
> 7 QA\S Y
GO Sl we 12147 o 2 wer 12147
cs’ a7 cs’ b6
NIA.OP 12 NIA.Of 12
NIAAT 13 x:; MIAAT 13 2}(')
NIA. 21 X I FiA 20 Ty
NIA 3P 15| 09 MiA3F 15| A2
A AL Y NIAAL 16| 75
NIA G 7l he MIABD 17 ne
A6 5l hs Lolz piz.2 NIA.61 6] e polZ pfz.3
GAL71 5 NIA 71 510
A4 A4
NIABP 4| NIA B a|n
NiA S N AP NiAOT 3| A3
NIA.10D 2| A% NIA.1GD 2| A2
NIA 1D N MIA LD il re
CSin.2 (5N CSin3 KN Y
GSUEL 2 we 12147 T 2lwe 12147
cs’ c6 cs’ d6
NIA.Of’ 121 .. NIA.Of’ 12 ...
NIA AT 13 ﬁ:; NIAAP 13 m(’)
NIA.2(7 14| e NIA. 20 14| Al
NIA. 3P 15} A9 NIAGP 15| A
NIAAT 16| A8 NiA4f 16| A%
NIAE( 17 e NIAGE 7| he
NIAGE G 7 INIA.8 NIA 61 N A 7 INIA.9
GF A5 DO INIA.S ; 21 A5 DO
NIA.71 5| ha NIA.71 5| 4a
NIABD a| e NIABP afhs
NIA.OT N AP NIAGD X A
NIA 10T 2] NIAAOT 2| A3
NTEL T NIALD 1 hs
CSina 1] pin CSln.b KN A
gﬁ‘g“ 12 WE’ 2147 gﬁ‘g“ Sl wer i2147
cs’ 6 cs’ 16
NIA.OF 128 NIA.Of 12
MIAAD 13 21(') NIA A i3 2}(1)
NIA2 14 e NIA. 21 14 hd
NIA3P 15| A9 NIA.Af 15| 1o
NIA4T 16 4% NIAAL 16| 45
NIA 51 7| e NIA.5E" 7] ha
NIALBT 6 7. INIA.10 NIA.GF 3 7 INIA.11
NIA.7( 5145 DO T NIA.7( 5]A5 DO
A4 A4
NIABP a]h3 NIABE alns
NIA.Of A NIAGP 3| hs
NIA.107 2] A% NIA.10P 2| A3
NIA 1D o NIAI1D A
CSIn.6 N e CSin.7 | o
gﬁ‘[’;’c" Slwe 12147 gfl‘g“ Slwe 2147
cs’ g6 cs’ n6
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piy.1_ (100) 7 D11
I‘:g,',N"’E“’”"U g D10 pg |10 pCSPar.0 3 {sgsbm 2 csPar.0
paS. 1 471 D9 (130 (20)
“pas.o 3| P8 AlwaysCik
prad 27| D7
prA.0 1 D?
DIz 15| DS
plz.o___ 14| D4
pi%d 13193 pof8
pIx.0_ 12 D2
pIv.0 11 D; 93548
b b8
pty.2  (100) 7
pmem 6 3113) 10 pCSPar.1 4 5 CGSsPar.d
_gggil)omsu 510 PE G 19¢ e)
pasS.2 3 g? AlwaysClk
“prA.3 2|1
_prA.? 1
plz.3 15 | DS
piz.2 14| D4 .
pIX.3 13103 pof
pi%.2 12102
piv.3 11 g’ 83348
0 c8
INIA.O _(100) 7
piS.1 ‘ 6D ‘ -
pIS.0 5010 pge |10 pCSPar.2 7 104 |8 CSPar.2
paF.2 2| D9 : (131) (20)
paF .1 3|08 AlwaysClk
pri.a 571 D7
prB.0 1106
INTA.G 15| DS
NIA.B 14| D4
NIA.5 13103 pol¥
NIA.4 72| D2
NIAd 310! 93548
DO s
INIA.2 (100) 7 -
pis.3 G |D s - .
b 21010 pg |10 pCSPar.3 ) I [ CSPar.3
pab. 1 2| o (137 (20)
paD.0 3 g? AlwaysCIk
_prB.3 2
pr8.2 1 D&
INTA 11 15105,
INTA.10 14 D4
INTA.7 13 gg pold
INIA.
INIA.g ﬁ D1 93548
DO g8
CS NIA Line Matching
NetNIA.S 1 24 NIA.5?
AT sl 1 P24} .
L
NetNIA2Z 47| B3 P22153 NIA.2°
NetNIA. T 5 P4 P21155 NIAAY
NetNIAO' 6] b3 P201ig NIA.O"
NetNIA1LT 7 P8 Piohs NIA AT
NetNIA 100 & P7 P181i7 NIA 10"
NetNIA9® o] BB P17 NIA.9’
NetNIA'®  1q} B9 P16HE NIA.8°
NetNIA.7 1¥{p1o Pi5pS NIA.7°
eI ol P11 P14 :
NetNIA.6 121 pq2 pizl13 NIA.G’
PLAT24
hs
See NetNTA sit for defintion of NetNIA nets.
P12 is shown grounded so the trace will not be cut.
-~ 2roj dle 1 S .
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m pSwTAddr 183 17t 12 SwTAddr
5 5 Swl
35 pSwTAddr 14 17g 15 SwTAddr
[i59] ppIOPWalt 171 1\, 116 __plopwait 180 1y B 10PWait
$374
7]
CK OC
AlwaysClk-¢ “l 1\|7 3 D,
IOP TPCLow
10PBus. 1 2 ™8 MIAX.5'
<i13a
10P TPCHigh I0PBuUsS.2 4 16 NIAX.6°
<il3b
I0PRus.0 31ho qol2 Nt.O 10PBus.3 6 14 NIAX.7’
10PBus. 1 40 Qe Nt 1 i13c
10Pus.2 7152 Q2|6 Nt.2
10Pus.3 8105 Q512 NIAX.O' 10PBus.4 8 12 MIAX.8’
[OPBus.4 3102 Qahi2 NIAX.1° i13d
10PBuUS.5 14l Qshis NIAX.2°
10PBuUs.6 7loe qolie NIAX 3 IOPBus.5 17 3 NIAX.9’
10PBUS.7 1817 a7h9 NIAX.A° 130
18374 :
cK_oc'| 14 10PBus.6 15 5 NIAX.10’
11[ i 131
E—{—L WrTPCHigh?
2L SwWTAddr 10PBus.7 13 7 NIAX. 11’
/i'ng
LS241] [ (5241
i13i i13j
EN’ EN
SwTAddr” 1‘ 19
SwTAddr
CSWE, I0PAddr Recy
CSDataln [Bi}—PCSWEa’ 2 [™~us CSWE.a’
i19a
55 110PBus.0 2 S~s CSIn.0 L
t=s ] e8a —— _ pCSWE.b’ 4 16 CSWE.b’
. (381} 5
T55110PBus.1___ 4 16 CSin.1 ‘ <
= e8b 327 pCSWE. ¢’ G 14 CSWE.c’
: - i19¢
'E IOPBus.2 6 14 CSin.2
e8¢ [382] pCSWE.d’ 8 12 CSWE.d'
i19d
153 10PBus.3 8 12 CSIn.3
e8d @j pCSWE.e’ 17 3 CSWE.e’
i19e
E I0PBus.4 17 3 CSin.4
e8e 153 RCSWE.{’ 15 5 CSWE.{’
. /119:
154 10PBus.5 15 5 CSin.5
e8f
[i75}l0PAddr13 13 S~z ReadCS.0
5} I0PBus.6___13 7 CSin.6 <1199
eBg
I0PAddr.14 11 9 ReadCS. 1
DEEL'OPB”S'? 11 <9 CSin.7 [:7:?: i19h
/I/esh
' 7571-10PAddr.15__ 11 9 ReadGs.2
[5241] [ 15241 |~ 113n
e8i e8]
EN’ EN LS241][ 5241
1 19 i19i 119j
» \[, l HIGH-b EN’ EN
147 . HiGH-e
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prA.0 4 prA.1 1
_pas.0 3{DO pas. | 3 [;O
hEP Pl g; pCIN-SE-wiGU 2 ’D;
pliY.0 1 piy.1 1 -
D3 5 10PBus.0 =D3 5 10PBus. 1
piX.0 i | Y pI¥XA 15 Y
Tpiz.0 1|4 wll piZ.1 a4 wilf
TC.0 i3 gé TG 13 gg
s = :
TPC.A 12|00 TPC.5 12109
ReadCS5.0 9 34 ReoadCS.0 Q9 sS4
ReadCs, 1 10 ReadCS. 1 10
28 52, L5251 2 52 L5251
Read S 1 51 o a8 ReadGS.2 11 S1 o b7
Read CSEn’ dl ReadGSEN’ 7
prA.2 4 prA.3 4
pas.2 3 DQ. pak.o0 3 DO
pEnableSy 2 |0} pmem 2|P1
piv.2 1|2 piy.3 7 |P2
- —ID3 5 10PBus.2 D3 5 I0PBUS.3
piX.2 i5 Y piX.3 i5 Y
piz.2 4Pt wit pIZ.3 14104 wlf
TC.2 13 gg TC.3 13 gg
=t ;
TPC.6 12|08 TPC.7 12109
ReadCS.0 9 Read(CS.0 9
Read(S. 1 7094 ReadCS. 1 10154
FcadCs.2 1152 L5251 RoadCS.2 1152 LS251
ReadCSEN’ 4l ReadCSEn’ 7|
L
prB.0 -4 prB.1 4
caf, 1 3100 paF.2 3 go
0fS.0 5 401 pIS.1 2 |D1
INIA.O 1|02 NIAT 1|2
—~1D3 5 10PBus.4 ~1D3 5 1OPBus.5
TMiA.4 15 Y INIA.5 15 Y
INTA.8 14104 wld INIA.9 1404 wil
TEC.0° 13 gg TPC.1" 13 gg
TRPC.8 y .9’ 2
c8 12|09 TPC.O 12109
PeadCS.0 9 ReadCS.0 9
PezdCs. 1 70|34 ReadCS. 1 7054
ReadCs.2 1152 L5251 ReadC5.2 i1)32 LS251
S1 £’ a7 S1 £ 7
ReadCSER’ 4 ReadCSER’ 7
piB.2 4 prB.3 4
pab.0 3P0 “pab.1 3 |Po
5i5.2 2101 p1S.3 3 |P1
NIA.D 1|P2 NiA3 1|P2
D3 5 10PBus.6 D3 5 10PBus.7
INIAG 15 Y NIA.7 i5 Y
TMIA1D 4|04 wid INTA.11 ia]D4 w8
TPC.2’ 13 gg TPC.3° 13 gg
TPC.10 12]0% TPC.11 1208
ReadCS.0 9 ReadCS.0 9 a
ReadCS. 1 1054 ReadC3.1 10 22
ReadGS.2 11152 LS251 ReadCS.2 K 15251
Read CSEn’ 7] [isa} ReadCsEn 7
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This diagram defines the NetNIA.wl wirelist. T'his list shoutd be wired before Lionl{ead.wl. )
Except for the first entry in cach net, each node should be welded of{ center and towards the closest edge of the board

NetNIA. 5’

NeatriA.4'

NetN{A.3’

NetMIA. 2

NetNIA. 1

MetNIA.O?

TNelNIAL T

NetMNIA. 10’

NetNIA.9'

NethllA.8!

NetMNIA. 7

NetMNIA.6”

P1 P24 Vee
P2 p23la

P3 P22 fa

P4 P21 [

P5 P20 fa

PG P19 |n

Pp7 Pig|a

P8 P17 fa

P9 P1G|a

P10 P15}

P11 Plalu

P12 P13 piAT24

h8

Just cut the ground connection (which is really a NetNIA line),
the Lionlicad wire list will cut the VCC connection.
(The Lionliead wire list should not try to cut the GND again,
since it will have been connected to NetNIALLL)

NetNIA.O’ NetNIA.O’ NetNIA.O"
“NeiNiA L o Notnia | A11 “NethiAA’ ail
TNethA.2” Ao NCtNIA. 2 Ao NetNiA.2" o
TNGtNTA 3 (I NOtNIA. N NetNIAZ | A9
TNetNiA4' o NetNIA, 4 . NotNIA.4° "
“NetNiA.5 e TNetNIA G AL NetNIA.S e
NolNIAG) NGtNIA.G IGINIA.G
TNGINTALT | A5 Do TRewiA7_____IhS POr® NelNIA. 77 [ h>- PO
NetNIA.9” A NotNIA.9) S TNetNIAS |45
TNethIAI G " TNGtiIAIY "2 NetNiA. 107 A2
NeltiA 1D o TNetNIA1T: ro NetNIA 11’ o
»| DIN i2147 »{ DIN 12147 o] DIN i2147"
u| WE? h6 o WE’ h5 »| WE’ ha
» cs ' s CS’ s CS’
NetNIA.O’ NetNIA.O’ NetNIA.Q"
“Net AL o TNetnia 1 Alt NetNIA.1’ Ao
NoINIA.2Y o NetNIA.2Y Ao NotNIA.2® o
o NotNiA.37 o “NelNIA.3° e
ho NotNIA.4° nS NolNIA.4° e
e NGtNIA Ae TNetNIA.S A
Ay 5ol NotNIA Ay bole NotNIA.6" Ae ool
o NetNIA 77 | > NetNIA.7" na
A NetNIA.6 ha “NetNIA.B' o
Ao e NetNIA.9’ s NetNIA.S’ Ao
NetHIA 10’ " NetNIA, 107 " “NotNiA, 107 A
NetNIA. 11’ o NotNiA, 117 | Ao NotNIA 11’ o
ul DIN 12147 e DIN 12147 sl DIN 12147
s| wE! h3 = we! h2  WE? h
% CS’ M CS’ ® CS’
oloct Sile : . Pape
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Rev A toRevB (90ct79)

. Added timing info to all pages. Divided page 14 Into 14 and 15, renumbering orlglnal 15-25,
Page 2: a. 1IC pullup pack changed to 22-330 resistor puHup/pulldown Cround to P8,
b. SOY changed to SO3. Bitsinto Q ends inverted now. CIN-SE-wrSU’ and pc 16’ necessary for CIN-SE.
Page 4: a. stackP read (instead of NstackP) onto X-bus (alllows stackP in arithmetic operations). @
b. RH[0-3] moved to d17. .
Page 5: a. 1BProm changed: SelBO’ and SaliB1’ are now used to Immediately select either IB[0] or IB[1].
18« input removed and replaced with EKErre?2 (to cancel Good!8Dispc2, instead of at the pNIA $647°s.
Interchanged IBPtr.0 and 1BPtr. 1, deloted IBPLr. 17, .

Page 6: a. Changed pindof {19 from Y. 4to ¥.3
b. Inlerchanged tZ.3 and fZ.2 on 25510’s
Page 7: a. Changed Errint Status to ErriBPtr, l.e. subsituted IBPtr.0 for Mesalnt’ and IBPtr.1 for CSParkzrs’.
Page 8: a. Changed mem from pin 14 to pin 113,
b. Moved CIN-SE-wrSU from ¢9 to b9, creating CIN-SE-wrSU’. paF.0 took CIN's place. aD.0 was moved to aD.1,

and aD. 1 to aF.0
. Changed MAR« to MAR«’, discontocted MARe from barkplane
Page @: a. On h11{{ZNorm), cha_nged AlwaysNI' to 1BPtre<0’; 15.2 to 5.2"; and moved all outputs up one position.

(2]

Pagz 10: a. Added SO4 inverter for aD.0’, moved RHe to page 16.
b, Changed S20’s to S08 + 510’s, opening up an S10 for use.
Page 11: a. Replaced Cycle1 test with CSParErr and NibCarry test with Mesalnt.
Page 12: a. at pNIA[0-3] changed pin 6 from GMD to HIGH (to distinquish no interrupt, empty buffer from error trap at 0)
b. Rearranged pMIA[8:11] S64 inputs: EKErrc2 should have zeroed the dispatch/branch bits also.
Page 13: a. Moved Link.3’ connection to pullup pack sinceitis now 220-330 Pullup-down.
b. Changed NIA’s SBinputs from Swec3 to Swce?2.
Page 14: a. Enlarged Schedule Prom, adding RefRe¢’ input. Pullup connaections to requests 1rom Options board.
b. Changed all inputs to SwitchProm {(see programs).
Page 15: a. MemCSErrProm renamcd CSintProm since MemErr moved out to S08 and Mesalnt moved in.
b. StackVirtErrProm renamed StackVirtProm, ClrintErr’ input not needed.
c. ErrorProminputs changed: Mt = Emu to Ct =Emu.
d. KEProm renamed KernPC16Prom since Mesalnt moved out. KernReq’ aninput now.
Page 16: a. WritelB qualifier changed from SO8 to S260 with ppCLK--reduced IB’s large hold time.
b. WrTPCLow inverted, RHe moved here.
c. Detection of Low bank changed to $260 (freeing up and S02 and S08).
Page 25: a. LS251 inputs rearranged so read datais identical to write data format.
-
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J 1 10 20 30 40 50 51 60 70 80 90 100
el |0) 150 151 200
a b c d c f g h i
) 502 @ 5257 25810 25810 25510 25310 LS377 F93427 L5241
- C
pPCLK(2),Pt, 0, Byte {.Rotn.0 LRotn. 1 LRotn.2 LRotn.3 Tasks SchedProm | CS-10P Recv 19
18 $138 5138 S241 $241 5241 $257 HM7649 F93453 FO3427
100ut 101In Zoroon X Rl on Xhigh Mibble, Pt iblow, ibHigh 1BProm ErrorProm SwProm 18
17 5138 5138 F93453 AM29701 $240 8257 S$373 8374 $374 @
' 100ut 10In StackVirtErr |  RH[O-3] ‘Ef’g’c’i(’;, 0, ibHigh 1Br1] waitciks | Atwaysciks | 17
16 15283 25509 $260 A29701 LS377 5373 F93453
o ProcLow, AT 5 16
NstackP stackpP wrg RH[1-7] IBFront 18{0] Kpc16Prom
15 S00 25509 #93422 F93422 F93422 F93422 5374 Fo3427
A2 N Map,Nib'y sy adartign SU0-3] SU[4-7] SUB-11] SU[12-15] AlwaysClis | oo o 15
PMAR, X ~( ntProm
14 5138 25509 soa @ $00 M |77 7 71| s2ss 503 tsaza [
B Mare,RHe«,¢3,1 WrSU,WrLink, QEnds, .
fYMorm{Req) SUAddrLow wrTPC,aD.0, | WrTC. iR [ | R Ends CIN-SE 10OPTPCHigh
. 504 TTIDM290T A ! ;
13 5138 pasfg?;y ‘o, " /ri?(?'I]PC‘, AlwysCIk(3), [12-15] $182 220-330 L5241 13
fYNorm FoHigh MemErly  Waite 1’ WaitClk,C1,c2] L | _ _1 1| rookAhead | Resistors IOPTPCLow
a M2 b 1 oe M1z e It p12 9 1o
12 5138 | 1om20014A1 l | tomze0talt | | 1om2901als | 12
i fxX [0-3] [4-7] [8-11]
| I SO | L - - - - ]
11 510 5138 532 S$10 @ S151 S$151 564 S64 564 i 1
XBus~18, . pTC.3,Wait, . .
LRotn,XByte’ fZNorm EnDispBr ’ DispBr.3A DispBr.2 pNIA.8 pNIA.9 pNIA.10
) S00 25509 S374 S00 S151 5258 LS158 LS158 $64 10
=v ;g;)();’:‘rl;;’ﬁ 5Sh,afh rB,aSI,aSh pTgG.'(r);;,Z, DispBr.38 DispBr.01 PNIA[4-7] pNIA[O-3] pNIA. 11
9 $374 S175 8374 S374 AM29700 8374 AM29701 S374 25509
X, fZ Cin’IY.0,fS Misc,fY,fS rA,aD,aFt Linlk TC, CSPar TC NIAX[8-11] NIA[8-11] 9
a b ¢ e 1 <} h
g LS251 93548 93548 LS241 93548 93548 18 ohm 8
: 10PBus.C pCSPar.0 pCSPar.1 CSin pCSPar.2 pCSPar.3 resistors
7 i2147L LS251 LS251 L5251 L8251 LS251 LS251 LS251 25509
pfZ.0 1OPBus.1 IOPBus.2 I10PBusS.3 10PBus.4 10PBuUS.5 10PBus.6 10PBus.7 NIA[O-3] 7
6 21470 i2147L i2147L i2147L 121471 i2147L i2147L i2147L 25509
pfX.0 pfZ.1 pfZz.2 pfZz.3 INIA.8 INIA.9 INIA.10 INIA. 11 NIA[4-7] 6
i2147L i2147L i2147L 21471 i2147L i2147L i2147L 5
5 pfX.1 pix.2 pfX.3 INIA.4 INIA.S INIA.& INIA7
4 i2147L i2147L i2147L i2147L i2147L i2147L 1214701 i2147L S$374 4
pIY.Q pfY.1 pfy.2 pfY.3 INIA.O INIA.1 INIA.2 INIA.3 NIAX[0-7]
3 i2147L i2147L i2147L i2147L i2147L 21471 i2147L i2147L AM29701 3
’ PEP DPCIN-SE-WrS| pEnSU pmem pfS.0 plS.1 plfsS.2 pfS.3 TPC[8-11]
2 i2147L i2147L i2147L i2147L i2147L i2147L i2147L i2147L AM29701
paS.0 paS.1 paS.2 paF.0 paF.1 paF.? paD.O paD.1 TPC[0O-3] 2
1 i2147L i2147L i2147L i2147L i2147L. i2147L 12147L i2147L AM28701
. ) pra.0 prA.1 praA.2 prA.3 prB.o prB.1 prB.2 prB.3 TPC[4-7] 1
L 4 -
a b c d ¢ f g h i
nip
E] 0ncnt,| 170 Conncctor Arca  (T'op) 5 170 Conncctor Arca  (Bottom)
Dy v Pry acy ’ D,
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YH,Y Bus MAR« timing: - For high-halt ALU, operationis O or B.

6__ 7 r 7 8 1112 15
17[3] Cik -> rB 72 ns 59 disable X 59 disable X (See X bus timing)
25 mB->YH 67 D>Y 42 DY (See Y bus arithmetictiming)
5 __ YHbus (See Ybus logic timing) 126 nS 101 ns’
47[3] =50 nS
Y bus Arith timing!  Rippte carry is used in low half of ALY, and lookahead in high half.
5182
..__..FF B-__: G’ Cinp< Cin
P Cz G P Cy G P G P
S00 , N7
2901 2901 2901 2901
GP GP GP
sl Cout Cing Cin Cin Cout Cinjp<
Y[0-3] Y[4-7] Y[8-11] Y[12-15]
Carry PageCarry NibbleCarry
X bus arithmelic: Ybus « XBus + A -
X Xbus time X Xbus time X Xbus time
30 D->G,P[4-11] 32 D -> Cout[12-15] 32 D->Y[12-15]
7[2) G,P->Gin.7,Cin.3 25 Cin -> Y[8-11] 10 Y bus
25 Cin -> Y[0-7) 10 Y bus 42 + x)ns
10 _ Ybus (67 + x) nS
72{2] =(74 + x)nS
Register Arithmctic:  Ybus « A + B
max{109, 95) max(105, 99) max(83, 80)
17[3] t->B 17{3}] +->rB 17[3] t->rB
45 B->G,P 50 1B -> Cout[12-15] 50 1B -> Y[12-15]
7[2] G,P->Cin.7,Cin.3 25 Cin-> Y[8-11] 10 Y bus
25 Cin -> Y[0-7] 10 Y bus 7703] =80 nS
10, Ybus 102[3] =105 nS
104{5] =109 n$S
48 t->CIN-SE (seep.2] 48 t->CIN-SE (seep.2)
48 1->CIN-SE (seep. 2) 16 Cin[12-15]>Cout | 25  Cin->Y[12-15]
11[1] $182 Cin ->Cin.7,Cin.3 25 Cin > Y[8-11] 10 Y bus
25 Cin -> Y[0-7] o Y bus ——
10 Y bus ——— 83 nS
94[1] =95 nS 89 nS
XEROX Project Iile Designer Rev § Date age
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Y hus Logie Timing:.

Xbus Logic
Ybus « Xbus .or. 0

Register Logic:
Ybus « Aor. B

X X bus
32 D->Y
10 Ybus
(42 + x) nS

17{3] t>vA, 1B
50 B->Y
10 Ybus

77[38] =80 n$S

A pass around (aD=2): 15[3] oo oAb )
’ rA - via ypass
Ybus « A 10 Ybus
67[3] =69 nS
X hus Source timing:.
Xbus « A LRotn {A bypass} 69  1->Y (see above)
12 25518 prop (=22nS)
10, Xbus -
91 nS
Xbus « (A or B) LRotn 80 +22 =102 nS (For more LRotn timing, see p. 6)
Xbus « (A -+ B) LRotn 109 +22 = 131 nS 105 +22 = 127 nS 89 +22 = 111 nS
Xbus « SU 75 nS {seep.3)
Xbus « RH[B] 64 nS (seep.4) Xbus[0-7]«0 = 5505 (seep.s)
Xbus « IB 64 nS (seep.5) © Xbus[0-7]«0 = 55nS (seep.6)
Xbus « MD . 97 nS max
Xbus « 4-bit constant 50 uS (seep.7) Xbus[0-7]«0 = 55nS (scep.6)
Xbus = §-bit constant 56 nS (seep.7) Xbus[0-7] <0 = 55nS (seep.6)
Xbus « ErrIBSkP 59 nS (seep.4) Xbus[0-7] «0 = 55nS (seep.8)
Xbus « [Oln 34 t->«10In’ 34 15«10l (seep.9)
4 backplane 4 backplane
15 S240EN' to X 18 S374EN’to X
10 Xbus 10 Xbus
63 nS 66 nS
Exterpal Register Write Setups: |
SU Write Setup (SU « Ybus ): 5[1] F93422datasetup (from beginning of write pulse)
39 WE pulse width
44[1] =45 nS
RH Write Setup (RH « Xbus): 20[1] =21 nS Am29700 data setup (from end of write pulse)
IB Write Sctup (IB « Xbus ): 36 nS (seep.5)
[OOut Write Setup (I0Out « Xbus):  equals setup time of receiving reg. '
data setup tor LS374/L5273 = 20[2] = 22n
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l}.isp.:lLcldjmm&:!LCmumim;lﬁmﬁc;t,un;

L-igput Setup Limes:

Logic
B « Xbus.ow.0
B « Xbus .xor. A

Logic & Branch
B « Xbus xor. A, ZcroBr

Logic & YDisp
B « Xbus .xor. A, YDisp

Logic & Shifting
B « Xbus .or. A, LShiftl

Logic & Rotating
B « Xbus.or. A, LRotl

Register Arithmetic
B« Xbus + A

Register Arithmetic & ZeroBr
B« Xbus 4+ A, ZcroBr

Register Arithmetic & NegBr
B « Xbus + A, NegBr

Register Arithmetic & OvBr
B « Xbus + A, OvBr

Register Arith & CarryBr, PgCarryBr
B « Xbus + A, CarryBr

Arithmetic & YDisp
B « Xbus + A, YDisp

»

7[1] S151/5258in -> DispBr
5 DispBr->pTC
6[1] pTC -> pNIA

_5[1] 25509/5374 setup

23[3] = 26 nS

40 nS
32 D->F.0,F=0
23, DispBrsetup
58 nS
32 DY
10 Yhus
_26_ Disp8rsetup
68 nS
35 D->R.3
15 RAM3 setup
50 nS
35 D->R.15
9[1] S253into .0
15 RAMO setup

59[1] =60 n$

Xbus[0-7] Xbus[8-11]
30 D->G,P 30 D -> Cout{12-15]
7{2}) G,P ->Cin.3, Cin.7 35 Cin.11 setup
35 Cin setup 65 nS
72[4] =74 nS
30 D->G,P 30 D -> Cout[12-15]
7[2] G,P ->Cin.3, Cin.7 30 Cin->F=0
30 Cin->F=0 26 DispBrsetup
26 DispBrsetup 86 nS
93[2] =95 nS max{95, 86,58)
22 Cin->F.0
= 95-83 = 87 nS
25 Cin ->Ovr
= 95.56 = 90nS
30 D->G,P 30 D->G,P
11[2] G,P->G,P’ 7[2] G,P -> PgCarry
5 S00in->Carry 286 DispBr setup
26 DispBr setup

72[2] =74 nS (CarryBr)

Timing tor X[0-7] does not affect YDisp

Xbus[12-15]

40nS (Logic setup)

58 nS

63[2] =65 nS (PyCarryBr)

68 nS

(Loglc&Branch)

(Logic&YDisp)

Arithimetic & Shifting TS OO v Sl B ——
B « Xbus + A, RShiftl 35 Cin->R.3 15 RAM3 setup
15 RAM3 setup 80 :
—— nS
87[2] =89 nS
Arithmetic & Rotating
B « Xbus + A. RRotl 89 +10 = 99 nS 80 + 10 = 90 nS 60 nS (Logic&Rotating)
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@

R Begister yoele Times . (Times for branching use ZeroBr, slowest of the branches)

Register Logic
BeA.and. B

Register Logic & Branch
B « A xor. B, ZeroBr,

Resgister Logic & YDisp
B « A xor. B, YDisp,

A Bypass & YDisp
[} « A, YDisp .

Register Logic & Shifting
B « A .or. B, LShiftl

Register Logic & Rotating
B« A.or B, LRotl

Register Arithmetic
B«eA+ 1

Register Arithmetic & Branch

B« A -+ B, ZcroBr

Arithmetic & YDisp
B « A+ B, YDisp

Arithmetic & Shifting
B « A + B, RShiftl

Arithinetic & Rotating
B « A + B,RRotl

17{3] t->rA
60 rA setup

77[3] =79 nS

17[3] t>rA
55 tA->F=0
26, DispBr setup

98[3] =101 n3

78 Ybus « A .xor. B (see p.30)
26 DispBrsetup

104 nS

69 Ybus « A (sge p.30)

26 - DispBrsetup’

95 nS

17{3] t->rA

55 rA->R.3
15 RAM3 setup

87[3] = 90 nS

17[3] > A

55 rA->R.3
9[1] S253intoR.0
15 RAMO setup

96f{4] =100 nS

bits[0-7]
17[3] T>rA 17{3} T-D7A
45 A ->G,P 50 rA -> Cout{12-15]
7[2] G,P ->Cin.3,Cin.7 35 Cin.11setup
35 Cin setup 102[3] = 105 nS
104[5} = 109 nS
17[3] T->rA 17[3] . t->rA
45 rA ->G,P 30 rA -> Cout[12-15]
7[2]1 G,P ->Cin.3, Cin.7 30 Cin->F=0
30 Cin->F=0 26 DispBr setup

26 DispBrsetup
127[6] = 132 nS

bits[8-11]

Timing for X[0-7] does not affect YDisp

17[3]  t->rA 17[3] +->rA

30 tA->G,P 30 rA -> Cout[12-15]
7[2]  G,P->Cin.3,Cin.7 35 Cin ->R.3

35 Cin ->R.3 15 RAM3 setup

15 RAM3 setup 97[3] =100 nS

107(5] =112 nS

112 + 10 = 122 nS

103[3] = 106 nS

100 + 10 = 110 nS

bits[12-15]

79 nS (Reglogic)

101 nS (Logic&Branch)

104 nS {Logic&Y Disp)

90 nS (Logic&Shifting)

100 nS (Logic&Rotating)
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X Source

b . R « o [AonB) [(A+D)
etupd] SU | R MDD Nibble| Byte | IB {0-7] I\ LRotn | IOIn 23riBSkP | LRotn | L.Rotn
X € 75 | 84 | 97 | 50 | 56 | 64 | 85 91 63 59 102 "
131
max (59, X«) 75 | 64 | o7 | 59 | 59 | 64 | 59 91 63 59 102 127
1114
BeX.or. A 40 ¢ 115 | 104 | 137 99 99 1104 9 1317 103 99 — o
BeX.or. A, ZeroBr s8]133 122 155 | 117 117 122 {117 149 121 117 — —_—
0«X.or.A, YDisp 68 {43 | 132 |65 127 127 |132 |127 159 131 127 —_— —
BeX .ot A, LShiftl 504125 |14 (147 1109 109 | 114 | 109 — 113 109 —_— —
BeX .or. A, LRotl 508134 1123 (156 {118 |118 | 123 | 118 — 122 118 — —
MAR+«X .or. A 78 1 153 142 — | 137 137 |[1d42 {137 — 141 137 — —_—
MDReX or. A 453120 (109 {— 1104 | 104 | 109 | 104 — 108 104 —_— —
SuU *‘X or A 87§ — | 151 184 | 146 {146 | 151 146 — 150 146 — —
I0YOut«X .or. A 64 1139 | 128 | 161 123 1123 |128 {123 — 127 123 — —
I0YOut«X .or. A 484123 112 j145 [ 107 (107 jl12 {107 — il 107 — —
V8 S S S0 7 TR S S T S 0 A I (Y 37 33
BeX + A 65§ 140 129 | 162 124 124 1129 - 156 128 124 — —
401115 1104 137 99 99 1104 - 131 103 99
B«X -+ A, ZeroBr g5 170 154 1192 (154 154 | 154 {154 186 158 154 . —
X { BeX + A, Neghr a7i162 |15t [ 184 Jtd6 146 [151 | 146 | 178 150 146 R
0§ BeX + APgCarryBr{ 65{ 140 129 | 162 124 114 [129 {— | 156 128 124 — —
p 3eX -+ A, CarryBr 744 149§ 133 | 171 133 133 133 1133 i()S 137 133 — —
¢
¢ 1 BeX + A YDisp 684143 | 132 [165 | 127 [127 | 132 |— | 159 131 127 — | —
a sgilod [ 148 186 8 T8 T8 [ 118 152 148
1 BeX 4 A, RShifil sotis5 14y 17T 139 139 | 144 - — 143 139 —_ ——
; 508125 1114 17 [0 Lo tid | - 113 109
1 o9 4 {4 [153 106 138 158 | 158 [ 138 . 162 158
Y BeX + A, RRotl 903165 | 154 | 187 149 {149 | 154 - 153 149 e —_—
i 601135 1124 1157 119 19 124 - 123 119
MAReX + A 78 {153 142 | — {137 137 142 | 137 —_— 141 137 —_— _—
78 .
: 774152 130 136 1136 |13 136 135 136
MDReX + A 700144 1134 f— 1129 {129 {134 - — 133 129 —_— —
45131120 1109 104 104 109 - 108 104
119 178 f216 {178 [178 | 178 [178 182 178
SUX + A 1128 — P176 1209 1170 171 | 176 - —_ 174 171 — —
87 : 151 m; 146 {4(, 15‘[‘ - lSl(l 146
; - a6 8 17 155 | 19. 155 55 | 155 [ES) 159 155
0YOuteX + A soli6s | 153 |186 {198 {148 153 | - — |32 | 11 —_— | —
el L LSt
. 801155 | 1Y 7 R P 139 JER 13
I0YOuteX + A 7ad1a8 | 137 fio (132 1132 |37 |- — hw | 3 — | —
S374 as 1123 112 a5 |7 Loz (112 | - 111 107
; 57T
1 « X, XDisp 26 § 101 90 123 85 85 90 85 117 89 85 128 {gg
' : 57
RH« X 21§ 96 |— }118 80 80 85 80 112 84 80 123 {gg
' 167
IBe«X 364111 {100 1} 133 95 95 | 100 95 127 99 95 138 163
57
1
I0XOuteX (LS374) | 22§ 97 84 | 117 79 79 84 79 111 83 79 122 %gl’{
_ 137
I0XOut«X (S374) | ® 81 70 1103 65 65 70 65 97 69 65 108 1%1
117
The 3 numbers for arithmetic operations correspond to bits[0-7], bits[8-11}, & bits[12-15], respectively.
XEROX Project “ile ‘ Designer Rev | Date Page
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Y Source

setupd A.or. B A(bypass) |A+ B

109

Y « 78 69 105

89

] 36 | 114 105 114

MAR ¢ * 14 89 80 116

36 1 114 105 125

Y ‘ 112

MDR« 3 81 7 o

o ‘ 9

P SU« 45 1 123 114 12

c 134
v

a <. YDisp 26 | 104 95 13

t 115
1

o 10YOut« 22 100 91 {g’}

n (1.8374) 111

I0YOut« o o 75 s

(5374) 112

* Bits[0-7] have timing of Y « (B .or. 0), except in the A bypass case.
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X bus loading

(for X[12-15] since these bits have the greatest loading)

Source Sink Part 1’)""1‘\530 ?'&i‘d
D-input IDM2901A-1 4/.18
RH Am?29701 2/.125
lB- S373 17.125
10POData L3374 472
10PCu LS273 472
KOData S374 17125
KCu 1.5273 472
XOData 5374 1/.125
XCd 18273 472
POData 1.5374 472
pCd 1.5273 472
SuU 93422 104/8 17.025
L.Rotn Am25510 130710 - 17.025
ErrlBStkp $240 60/32 17.025
R 5241 _60/32 17.025 -
B S257 130710 17.025
Nibble S241 60/32 17.025
MD $240 60/32 17.025
IOPIData S374 130/ ] 0 17.025
10PStatus §240 60/32 17.025
XIData S374 130710 17.025
XStatus S240 60/32 17.025
KIData S374 130710 12025
KStatus §240 60/32 17.025
PStatus $240 60/32 17.025
MsStatus $240 60/32 17.025
Min Source Drive $240/93422 60/8
Total Sink I.oad 2172.25
Table Entrics: [igh U.L.7 Low U.L.
Lo UL, = 20mmA
XEROX Project ile Designer Rev ¥ Date Page
SDD Dandelion § Static Loading: X bus cl 10730779 15
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Y hus Loading

. . oy Source Sink
Source Sink Part Dirive Toad
Y-output TDM2901A-1 32710
LRotn Am25810 15715
SuU 93442 87.15
stackP 25509 171
Y.4 MAR S253 3(1/1)
Y.4 MDR S373 o 12125
Y.4 MCd S138 171
POAData - S373 17.125
DORBDala S374 17.125
DCu 1.5273 472
Total Sink Load 10.7713
Table Entries: High U.l..7 Low U.L.
1 High U.I. = 50 uA
1LowU.L. =20mA
XEROX Project File Designer Rev § Date Page
spp | Dandelion | Static Loading: Y bus Lionlcad36sily] Garner cl 1073079 | 36
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Xerox Corporation

701 South Aviation Boulevard

El Segundo, California

MATERIAL LIST

90245

XEROX

Drawing Mo,

' ML

Rav.

Rev. § Drawing Title

Dandclion CP Preliminary Pacts List

These drawings and specifications,and the data
contained therein, are the exclusive property
of Xerox Corporation and or Rank Xcrox,Ltd.

Re’]  Revisiond the prior v rilien parmiss On of Xorox Comora.
(for {IrisK Workstation>LI D Lion Head-C.dm) Used Tot any ;arioss whatsosver, bt axacpt the
(filed on LICPParts1-C.sil) | g]ragglflakc)tt.rrgglqt;ncles for Xerox Corporation
* indicates change from last rev. Model No. Da:i‘(}) Oct 79 Sh'fet o 2

ltem Mo. Drawing Title Drawing Mo, _ | No. Req. Remarks
Integrated Cireuit IDM2901A-1 4 National or Am2901C

AM29700 1 16x4 Mon-Inv OC Ram

ML AM29701 6 16x4 Non-tnv 3-§ Ram
AM93548 4 12-input parity
AM?25509 * 7 or 745399
AM?25510 4 4-bit shifter
i21471. 48 low power 2147
193422 4 256x4 Ram
93427 3 256x4 Prom
F93453 3 1024%4 Prom
HM7649 1 512x8 Prom
SN74500 4
SN74502 1
SN74503 1
SN74504 1
SN74508 1
SN74S10 2
SN74532 * 1
SN74551 1
SN74564 * (no morc S74) 4
SN745138 8
SN748151 3
SN748175 1
SN745182 1
SN745240 1
SN745241 3
SN745253 1
SN745257 3
SN745258 * 1

Integrated Cireuit SN745260 1




® Xerox &orporatlon XEROX

701 South Aviation Boulevard

El Segundo, California 90245 Drawing No. Rev.

MATERIAL LIST | ML, C

Rev. | Drawing Title These drawings and specifications,and the data

contained therein, are the exclusive property

- 11 d Pealiminary Parte 1 4
Dandelion CP Preliminary Parts List of Xorox Corporation and or Rank Xerox.Ltd.

'*M‘J’ issued in strict confidence and shall not, without
No. Revision B the prior written permissiOn of Xerox Corpora-
. tion Rank Xerox,Ltd., be reproduced, copledor
(for [IriskWorkstation>LIDLion Tead-C.dm) used for any purpose whatsoever, burp, execpt tho
N DA Yo manutacture of articles for Xerox Corporation
(fited on DLIDCPParts2-Csit) or Rank Xerox, Ltd,
Model No. Date . Sheet
30 0ct 79 2 o 2
item No. Drawing Title Drawing No. No. Req. Remarks
Integrated Circuit SN745373 1
SN745374 * 9
SN741.5158 2
ML
SN74L.8241 3
SN74L8251 8
SN741.5283 * no more LS352 1
SN74L8374 1
- a
Integrated Circuit SN74L.5377 *no more LS399 2
Capacitor Jdul bypilSS, 25V 1 per x chip positions
DIP Resistor Network - 220-330 ohm pullup/pulidown 2% 1
Allen Bradley 3165221331 i
IDIP Resistor Network 8- 22 ohm resistors 2% 2 Preferlower value (~ 12 ohms)

Allen Bradley 3168220

Note: 74S189's can be used instead of Am29701's if $534's or 675378’ are better than S?7{l‘s.

Similarily, S289's can be used instead of Am29700's if $534°s dr 67S378's (inv. oct. reg) arc better]




Dandelion Central Processor

plionHead # # .sil are the printed circuit board schematics.
sLionHead # # .sil are the stichweld board schematics.

LionHead # # .sily are documentation pages.

Also see:

[Iris]<Workstation>LH> #LionHead-J.press
[iris]<Workstation>LH>CPProms-.J.press
[Iris][<{Workstation>LH>DMR.press

2901 Chips
Lookahead, ShiftEnds, Cin
11 '

_RH, stackP

IB

XBus: LRotn, ZeroHighX
XBus: IB, constants, Errint
MIR

MIR Decoding |

MIR Decoding ll
Dispatch/Branch

pNIA, pTC

TPC, TC, Link

__Schedule, Switch, & Tasks

Error, Emulator, & Kernel Proms
Clocks, W.ait . .
Cantrol Store A [0-7]

Control Store B [8-15]
Control.Store C [16-23]

Control Store D [24-31]

Control Store E [32-39]

Control Store F [40-47]

CS Parity

_10P Interface |

I0OP Interfacell - CS Read
Testability

Discretes & NIA

Unused Parts

Filter Capacitors

NetNIA.sil

Change History |

Change History i

Timing: MAR«, Ybuse

Timing: Ybus«, Xbus«, Setups
Timing: D-input Setups

Timing: R Register Cycle Times
Timing: Allowable Xbus Operations
Timing: Allowable Ybus Operations
Static Loading: X bus

Static Loading: Y bus

Estimated Power Consumption
Layout - Stichweld

Layout - PC

PC Layout Notes

CPParts1-D.sil

CPParts2-D.sil

CoO~NOGOARON =

-~ 8 or p schematics

--Mesa prom programs

--Dandelion Microcode Reference

[iris]<Workstation>LH>CPCheckQut.press

[Iris]<Workstation>LH>DLionlORules.press

--Rules for IO controilers

H
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: [0-3] [4-7]
a8 e [P ——Y a3 Al e 12
: Q3 Qo 2 Q3 Qo :
rA.0 (20 rA.0 (20 1
A1 120 p ﬁg A1 (20 p ﬁg
TA.2 (20 3las TA.2 (20 35
TA.3 (20 2 TA.3 (20 2
AO AO
1B.0 (12 20 " 8.0 (12 20 _
TB1 (12 79183 v3 2 Y0 73§ 8.1 (12 5183 ya S Y4 53
8.1 1 B2 38 Y. 1 B2 KE Y.5
8.2 (12 18] 53 y2 (38 {145 B.2 (12 18] 24 v2 22 Vo153
1B.3 (12 17 Y1E =152 rB.3 (12 17 v1|— - 54
80 vo 38 Y3 122 80 vo 28 Y7 o
X.0 23 X.4 2 :
a1 22103 a3 13 s=o3
141 24102 a2 143155 2402 , laz Ga-7°
A2 24101 G a4 D1 o E :
X 25 5 X.7 pT: KE P4-7
14522 51po RS [rryes 21po pr S
3 v " 123
CINO-3 291 COU‘(F‘—-1 F.0 PageCarry 29 COUT§|1
——— CIN F3 y, QVR CIN F3 §l4
139 Sics OVHT- FZero sh 122 Slics OV ity FZero
301 120 ={1C7 ab.1 120 5 :gé
aF.0 (20 37 :g: TaF.0__ 120 271150
arh.i_ (20 28 1c4 afFh.1_ {20 281102
aFh.2 20 26 Ic3 aFh.2 20 26 Ica
ash.0_ {20 14,53 : Ta8h.0 (20 41155
as 20 3,3 2901A ash.1 (20 13]155 2901A
“aSh.2 {20 3 . vaa asSh.2_ (20 13 v3a
€0 cp o - €0 op  op
18] 40 B[ 40
PDT-Ybus POT-Ybus
WaitClk IR .
[8-11] [12-15]
R.7 8 9 R.11 8 9 R.15
RAM3 RAM RAM3 RAM
Q.7 18] a3 o Q.11 16103 NEY Q.15
rA.0 (20 1 rA.0 (20 1 ’
TA1 (20 p 22 TA.1 (20 7 Qg
rA.2 0 3 Al rA.2 (20 3 A1
rA.3 (50 X e ) TA.3 (20 r3 A
rB.0 (1 20 X rB.0 (12 20 .
(8.1 19]a3 va 32 Y-8 155 8.1 (12 9] s va 22 v12 157
18.7 18 va 9 _E5 8.2 (12 18 v2 A3 M5
2 8181 37 Y10 2 2 8181 37 V.14
8.3 (12 7 Y1 56 1B.3 (12 17 v1g 5a
BO vol28 VAN 2 BO vole v.i5 |
a5 152 22103 a7 312 22103
145 o= 2402 , , A7 - =-1D2 5 ,
122 X0 24102 o 132 G8-11 rrasiEd R o 132 G12-15
X411 25 [32 RN X 15 P 38 B12-15’
RS DO pr 33 Ta8}-2:12 21po pr |32 :
) couT COUT:‘R” NibCarry
NibCarry 29| in Fa 13 CIN-SE 29y ra “:':jt
sh {22 Slics Vit FZero =h (39 lics Mg FZero
aD.1_(20 51oa Tap.1 (20 51131 ‘
aE.0_(20 271158 aF.0__ {20 271,58
afl.1 (20 281,53 aFl.1_(20 28] &2
aFL.2_(20 261,55 aFL.2 (50 26|53
Tasto (30 al, o2 aS1.0 (20 1a],S3
asl1_ (30 131,52 2401A aSl.1_{20 131,53 29014
asl.2 (20 12 3 2512 (20 121G 7
ICo cp £ u73a - cp OF’ u74a
5] 40 . 15[ 40
PDT-Ygus L PDT-Ybus
WaitClk 1
N sh,,aD setup = 54 nS
afF setup = 45nS
j ) aS setup = 45nS
vap v3p u73p uzap A toGP = 45 ‘A toY= 50n8
=GND =vcc || _=ano =vee || =ono =vee || =anp =vee D oGP = 30 D toY= 32
3 ) 3 10 3oL, 10 3 70 Ch toY= 25
vCe % % %r % rA toCout = 50 as toY = 40
* D toCout = 32 afF toY = 35
Cin toCout = 16 aD toY = 25
Project File Designer Rev | Date
Dandeliorj 2901 chips _ pLionHead01.bilGarner J | 8/23/80| 01
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2901 Carry

Lookahead
CIN-SE (48) 1318 czf® CINO-3_1 &y grpoot
GND [ 16107 cylU PageCarry 2\ c
A PI1O? 3 PageCross 1
s e cxi@ aF1.2 1 ) S86 © i #7P002
- PI1’ u70a
»19? ] .
et ez SO
3 P12 . .
192.- 1 k & .
AL Hoia PR
PI3’ s182
u72
FZero 9 8 ENZero
. 504
u69d
Carry G X0 : .
- =
e 51x1  ox{l—-RO 1 G5y #TP003 _R.15
=—{X2 :
R.15 3]%3 a0.0' (26) tl # TPOOS
0 (- . . -
Q.0 1]y
CIN-SE [48) 12]¥] oy—L15 1 @u #Tro0s  -CIN:SE(48)
L R.O 131y3 | ey 2RO (20) ”.#Tfoos
b7 apa (200 2., ,
sm'n""(a‘4"% R o1 $253
Ex__Ey| 458
aD.0_(20) os
aD.0' {26) )
aD.1_shift’
0 0 cout [ Rt~ =2 g }&—~Cin
0 ! O3[R le—~—3"a  l&—~Cin
1 o cmn—>_R ___l&—cin
s M Iy
aD.0 = Oimplies right shift
. Cin & Shift Ends
CINepe16 (39) 10
3
pc16’ (20) 9 us7¢ |.
CIN-SE o
Ot #TP007
CiNepe16X' (34) 13 48)
11 T - -
CIN-SE-wrSU* (20) 12 us7d
4
Project File Designer Rev | Date
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SU[0-3]

SUAddr. A7
SUAddr 6 A8 F93422
. SUAddr 4 5 A5 v34
High SUAddr. 3 PXN oA
SUAddr.4 1
SUAddr SAdarE 23
SUAddr.6 3 A1
31 SUAddr.7 4
prA.0 (100) y: gg Qo 2 SUAddr.0 AOQ .
6 Y. 15 [s -0
prA.1 5121 gL SUAddr.} .1 131P3 Q355 X1
B1 Y 3 —{D2 Q2 3 X2
——02 110 SUAddr.2 . D1 Q1 "
.o . BIA2 12lg; a2 ¥.3 9150 Qoli@ X.3
- e =103 15 SUAddr.3 CE1'CE2WE'QE’
prA.3 13 B3 Q3 25509 20 1%97 20{18
v SB_CK v37 _EnableSy 20),
1] 9 WriteSU’ 20
ptS.2  (100) CIN-SE-wrSU 20,
AlwaysClk-b ‘ '
Su[4-7]
SUAddr.0 7 A7
SUAddr. [ A8 F93422
AltUAddr SUAdde 5 las vag
§257 | v14 (can belS257). 2 ACCLs A4
Y.12 2 1po 4 pu.a4 AEXEIE 7143
piZ.0_(100) 3 Qo Py 2 = £1A2
Y13 =80 . SUAddr.6 31a%
o573 3 g: ai 7 __pu.s SUAddr.7 4 AQ
Y14 1 .

TpiZ.3 0]p2 - gof2RUS o - 2103 aafi R
Y¥.15 4 - D2 Q2k= -
7.3 -——1D3 03_1_2__ Y.6 D1 a1p2 X.

B3 Y.7 9 DO ‘ Qo 10 X.7
s - Lss eyl b I < ia -LcE1'CE2WEOE'] ;- T
" _aniidddr @ay 1] 18 1 TLow . . 17120118
EnableSU 20
SUAddr WriteSU’ 30
. CIN-SE-wrSU (20
NstackP.0 (60) 3100 s SUAddr.4
.4 Qo 1
MstackP.1 Ca bt 7 UAddr.S Su[10-13
§lg;  oiff—SuAddes SUAddr. 707
NstackP.2 11 D2 10 SUAdAr.6 SUAddr. 1 6 AS F93422
2 a2 Q2 fr——————— SUAddr.2 5 A5 v33
NstackP.3 14 D3 15 SUAddr.7 SUAddr.3 21 Ad
pU.7 13 B3 Q3 26 §_Acc r.f A3
25509 SU Addr.5§ 212
S8 _CK vis SUAddr.6 3 1a1
1 9 SUAddr.7 4 AQ
pfS.2 (100}
AlwaysClk-b Y.8 15 03 a3 16 X.8
Y.S 3 114 X.9
D2 Q2
Y.10 2 X.10
D1 Q1
¥.11 g 10 X.11
DO Qo
SU X-bus disable CE1'CE2WE'QE’
15(3] 1 to CIN-SE-wrSU (tPLH) 197 7[2018
30 Output Disable EnableSU 20
10 X-bus WriteSU’ 20
§5[3] = 5808 CIN-SE-wrSU 20
i SU[14-17]
XBus ~ SU = max(75,80) nS o
SUAddr, 7 A7 .
17[3) 1 to SUAddr - SUAddr. 1 6 A8 F93422
45 tAA SUAddr.2 5 A5 va7
10 X-bus L 222 Ir'.A 2‘ A4
72[3] = 75n8 :Acc r:.‘. 2 :g
17(3]  + to CIN-SE-wrSU/EnableSU Syadar.g 2 1a1
30 F93422 OE’/CE2 to X-bus — ~ AOQ
10 - X-bus p ”
i Y.12 51p3 asfi X.12
57[3] =60 nS Y.13 K 2 X 13
V.14 i gf g X.14
SU write setup AltUAddr setup Y.15 9 DO Qo 0 X.15
5(1] Data setup 5(1] 28509 setup CE1'CE2WE’OE’
39 WE 8[1] Y->pl . 1%’}7 20§18
44[1] = 45n8S 13[2] = 15 n8 (26if1.5257) EnableSU 20
WriteSU’ 20
F93422 data t-hold = 5 nS CIN-SE-wrSU 20,
Project File Designer Rev | Date Page
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XBus ~ RH = max(64, 59) nS

BH Setup_ ' 17[3] ttorB’ . :
71} S240 35 S189 tAA (wr recovery = 35 nS)
25[3]  S189 setup 9 YH to X
32[4] = 36nS 0.,  Xhbus
71[3] = 7408
24 t to «RH’
It the $189 must be used Intead of the 29701, 15 8241 EN’ to X-bus
then place $240 between Xhus & $189 inputs. 10 X-bus
59 nS
RH[0-3 |
8. (20) 13 a3 AM27507
-TB",. =1A2 v32
% Al ' :
rB.3 1
Ao , : 2[N18 X.8
X.8 12 : 11 YH.0 —59 vida
D3 Q3
e g <Y
: D1 Q1 = — :
X 11 4100 qol8 YH.3 —1 161 <v18b
. 55)
C3' We 6 14 X.10
% 3 B vi8c¢c
WriteRH’ :
8 12 X.11
vi8d
RH[4-7] <
:=o (20) 13173 AM27507 2 15;463 X.12
TB.2 15| A2 va1 ’ ’ ‘ < v
783 1]A! 4 16 X.13
A0 < va6b
X.12 12 11 YH4  —]62
o X 13 0103 asfg YHb5  —l163] ' 6 14 X.14
X.14 6 D1 a1 7 YH.6 —1 63 | vd46¢ .
X_15 4100 aols YH.7 163
cs' WE 55) 1 8 /?,12 X.15
v46d
7
WriteRH’ 5541 5241
vigi | | vael
EN’ EN’
1 1
«RH’ (34)
NstackP stackP
stackP.0 (20) 13 cof¥ X.12 =31p0 2 stackpo | |
stackP.1 2 gg L Y13 - Zi 3‘1) o 7 stackP.1
- 1 Y i NstackP.1 5lgy o : r
21eq V.14 ]
stackP.2 3150 ; NovockP 3 702 oMo stackP.2
tackp.3 g2 "2 Y15 2155 15 tackP.3
Stackl. =03 ke NstackP.3 3g; 03 stac T
21E3 315383 25509
Pop (39 7C| u99 153 < k] vo
T 1 J stackPer (34 (can be LS399/25L.509)
StackPe’ (34) | . 5240
WaitClk NP
EN’
<ErrlBStkp’ _(34) 1

XBus ~ stackP = max(59, 38) nS

17[3]  ttostackP ' ,
7 85240 data to X-bus

10 X-bus
34[3] = 38 nS ush Hmin
34 t to ~ErrintstackP’ 46 " rtoPush
" 15 S240 EN’ to X-bus 24[3) Push to NstackP
10 X-bus ) 5(1] 25509 setup
59 nS 75[4] = 79 nS
Project File Designer Rev | Date
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1B[0]

£ 3dpo  qof Ng-3
X1 i PO NE. .
. D2 Q2 ==
X. 8 D3 - B.
XA 3lps  qal2 NB.4
X.5 L D5 5 5 NB.5 iBfront
X.6 16 NB.6
X.7 'ag? g(;*c 8.7 B.0 3 2 8.0 1
5373 Z DO Qo 5 X —O) ti #TPOO8
EN_OC’ vié Né': = D1 Qa1 3 ;‘: Q) tl #TPOO9
WritelB 11' NB.2 5 D2 Q2 3 8.3 Q) tl #TPO10
SelectiBO’_(94) NB. 73193 Q3% N, Q t #TPO11
:'( : D4 Q4= ;-E Q) tI #TPO12
B Y .- 7 D5 Qs E - Q) tl #TPO13
| [1] \EQ 18 D6 Q6 ° Z Q) tt #TPO14
- D7 Q7 5374 - O tl #TPO1S
X.8 2 NB.O '
X.C --100 QO}Z ND. 1 CK_o¢C’ v43
X.: —1D1 Q1= E—; 5 11 1
~ D2 Q2}= <2 WrIBFront - PDT-W
X.11 8 NB.J
X 1E =—1D3 Q3 NB. .
—y =1D4 4}£ Ba
214 dlps  asH2 6
X:13 06  Q6fd 8.2
X.12 3 D7 '07 9 - NB.4
S373
EN_OC’ v44
Write!8 1 .
SalectiB1’_194) S373 t-hald = 10 nS, t-setup =0 nS.
. {falling edge of WrnelB occurs 4 ns before . )
i - rising edge of-Clk:)- R ‘ ST LN ST S R S
N s ¥
iBPtr0 _ (34)
i1BPtr.1 34
Wait 61
XBus~IB’ (25
. IBProm-RevE
_ein’ 34 1
B«’ 34 8 14 |IBFront« 1
BPtr«Q’ 34 7 A7 Q7 13 GoodiBDispc2 Tt #TPO18
= - = A6 Q6 75 Q) tl #TPO17
BPtre1 34 ] 2 Retillintc2
A5 Qs = N Q) tl #TPO18
AllowMDR«_(20) 5 11 SelectlBO
- A4 Q4 O) t! #TPO19
Mesalnt 34 4 a a3 ?) pi8Ptr.0 1 O ti #TP0O20
pIBPL.O 3|Lsara 2 IBDisp’ -___(34 31A B PIBPLr. 1 1
. = > A2 Q2 Q) tI #TPO21
u55h L IBPtr.0 34 2109 01_5
iBPtr.1 34 _SelectiB1’ 1
plBPtr. 1 4 5 I A0 QO iH7Eas 94) Q1 #TP0O22
uS5¢ y -
: CE u54
WaliCik 18
PDT-Walit tAA =60 nS
IBFront = Xbus = {x+37, x+36)nS
x Xbus to IB ‘ .
43 WritelB rises 43 nS before end of cycle X Xbus to I8 94 WritelB rises
: P " " " 13(1] 8373 Data toNB 18[2] S373ENtoNB -
-6 Ditference between 8373 "EN to Q" and "Data 10 Q" = 2072 LS374 setup 2002 LS374 setu
x+37nS 18[2]~13[1] = 8nS. Datacanarrive6nS - - ,._L_I 20(2] P
aftar WriteiB goes high. x+36 nS 132[4] = 136 nS
1Bfront~1B[1]
34 t to IBPtr~1’
60 tAA
18[2] SelectiB1’to NB
20[2] L8374 setup
132[4] = 136 nS
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0 mod 4] Zero disable X-bus

30  ttoXhigh=0
Y.4 11,3 yoli8 X.0 15 S241ENto X-bus
Y 3 4 X.4 10 X-bus
Y12 : v : T 55nS
¥ dlo  v3 .
' Y. :;_ B o Xbus[0-7] = O
Y.12 Zlia 25810 30 t to Xhigh+0
515008 V60 15 S241OF

3]70[13 , 19 __  X-bus
Az2 (20 56nS
Z3 120 A

EnLRotn’ _ (25)

[1 mod 4] - Zero Hign XBus
Y.5 L3 yols X.1 11 \\9 X.0
V.S p 4 X5 vish
5= 2 YRS X5
- =11 . Yol x
Y. 410 yall X.13 13 7 X.1
Y.5 S vi8g
1
¥.9 — 811
v.13 71! ‘ 15 5 : X.2
13 25510 viaf .
5150 0E] vs9 , :
1z2 (o) O|TO3f ST A7 S A3 P
2.3 (20 : s : i < i |
EnLRotn 125)7 11 9 X.4
<v46h
’ 13 7 X.5
[2 mod 4] < 469
v.8 1 15 X.2 15 5 X.8
Y.10 712 YOl X.6 Va6t
2l v1ps
Y.14 313 v2 132 X.10
Y.: 2N ARV E X.14 17 3 X.7
V.6 : vage
15 211 v A
Y14 7 112
: 13 25510
v63 : 5241 S241
93113313? v18j v46]
12.2 %201 | EN EN
123 (20) 19 19
EniRotn’___(25) : Xhigh<0(30)
[3 mod 4]
Y.7 113 yoli8 X.3
Y.11 4 X.7
KT 412 yips 2
- ; 3 11
Y a1t Y2Ry X.15
T 20 Y3 :
Y.11 afil
¥.15 7112
18 23510 Xbus = YLRotn __= max (y+22, 56, 50) n$
5150 0e] vs7 , = 199
9{10{13 y ttoY bus
1Z.2 20 12 255810 data in to out
2.3 ___120 10 X-bus
EnLRotn’ __(25) -
- y+ 22n8 *  LRotn disable X-bus
25 t to EnLRotn’
2.2 1Z.3 25  1loEnLRotn’ 15 25510 OF’ to X-bus
f£.2 fe.3 21 258100 10 X-bus
[o] o Left O 10 X-bus _—
0 1 Left 12 50n8
1 0 Leftg s6ns
1 1 Leftd 20 rtofz.2
. 20 25510 Select to X-bus
10, X-bus
50 n8
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1B disable X-

Byte disable X-bus
25 t to Nibble’

Nibble disable X-bus

25 t to XBus«I18’ 25 t to Nibble’
14 S257 E’ to X-bus 14 8257 E' to X-bus 15 5241 EN’ to X-bus
10  X-bus 10 X-bus 10 X-bus
v 49 n8 49 nS 50nS
0, ibHigh
] : 9 Xbus«IB = max(55,56,59) nS
18.0 (30) 2 34[4] ttolB
3129 aof X.8 8 $267 data to Xbus
18.1 5101 X.9 10 X-bus
. E 01 -~ . N -
=181 52[4] = 56 nS
18.2 D2 . X.10 .
Q Q2 .
8.3 7182 25 t to Xbus~IB’
: ={D3 12 X.11 . 21 §257 E’ to Xbus
digs Q3 8357 10 _-  X-bus
v S[B o vas §6nS
i 15
2.2 (20) ’
n 34 t to~ibHigh
XBuseB’ (25) 15 5257 S8 to Xbus
10 X-bus
59 nS
ibLow, ibHigh
. Xbus ~ Nibble = max(39, 50) nS
2.0_(20) 2100 4 X.12 20 1101z
D 21{B0O Qo to .
W 5101 7 X.14 9 5241 data to X-bus
g - B1 Q1 - 10, X-bus
87 :9 gg azl® X.15 39 ns
e 41p3 12 X.13 25 t to Nibble’
| B2 =ig3 O3 8357 15 $241EN’ to X-bu
N ‘o8 B v42 A i 20 X-bus e
ibHigh' _(34) 115 50ns
XBuseiB’ (33)
Xbus ~ Byte = max(38, 58,50) nS
20 ttoftY
8 S257 data to X-bus
10 X-bus
0, Byte 3808
tY.0 _(20) 2 25 + to Nibble’
3199 qof? X.8 21 S257 E’ to X-bus
tY.1_ (20) 5 10 X-bus
D1 7 X.9 =
1Y.2_ (20) 3181 Q1 56nS
: o102 9 X.10
.3 (20) ry B2 Q2 25 t to Byte’
: 303 12 X.11 15 5257 SB to Xbus
_ B3 O3 5257 10 X-bus
v SB_E v27 50 nS
Byte' _ (25) s
Nibble' {25) See stackP timings for ErriBPtr
Nibble ErriBPtr
~
12.0__(20) 2| 8 X.12 EKErr.0' _(20) 17 3 X.8
‘/?’ v56a v45e
1.1 (20) 4] s . X.13 EKErr.1’ _ (20) 15 5 X.9
< v56b s vast
2.2 (20) 6 14 X.14 1BPtr.0__ (20) 13 7 X.10
< v56¢ vdSg
2.3 {20) 8 12 X.15 1BPtr.4 _ (20) 11 9 X.11
L/?/Tlsed vash
5241 5240
v56i va5j
EN’ EN’
1[ 18
Nibble' (25) ‘ <ErriBStkp’_ (34)
Project File Designer Rev § Date
Dandeliod X Bus: B, constants, Errintstac ppLionHeadO?. iIGarner J 1l 8s/s2a780
AR e N R AR A e S gl Rt R




aF.Q, EnSU, mem, fY, fS

_pafF.0_(100) 3 2 aF.0
pEnablesy 4|0 %5 EnableSU
pmem. 712 azie mem r 37
piyY. 8 ) Y.
- =103 Q3]
pfY.: O 2 Y.Z
—=.lp4 ~ Qa}
piY.: Z E Y.
-={D5  Qst <
pisS. D6 Q6 [} S.0
pi5.1 18lo; Q702 iS.1
' S374 o) _ rB, aD, aFl .
ck_oc’| v3e
11
AlwavsClk.b v o pri.0_(100) 300 ol rB.C
. PIWAYSOIKD : prB.1-: - 4101 a2 8.1
o prB.2 7 D2 ng rg..
. prB.3 8 rB.3
1 Cin, fY.0, S pab.o 13103 33 aD.0
15
PCIN-SE-wrSU 4 2 CIN-SE-wrSU pab. 141os  asf a1
po QO 7 paF.1 17 . [ aFl.1
ao'ks CIN-SE- w5 paF.2 18|28 9%ho aFi.2
piY.0 _ (100) 5101 Q1 6 :g - D7. Q75357 58T
Qi = CK_oc'| us0
pfsS.2 12 0 S.2
Dz 02 1 S 7 . 11 -%
_— 13 Q2')- _S'f AlwaysClk-b
RIS D3 Q3 = 53
QA3 =5775 (20)
CK CL
9[ T v38
AlwaysClk-b PUb
X, fZ
pfX.0  (100) 31b0  qof2 X.0
piX.1 4 1 5 X.
5 24p1 . Q1p - : .
pfX.2 7 Dé“z-‘--sz S i L X.2 \ y T {
piX.3 8]pa 3 — X. :
~RIZ.0 =iD4 - Qaf= 2.0
“ptz. 4 5 z:1_
-=1D5 QS ;
f2.2 7 6 2.2
2L D6 Q8 =
piZ.: 8lp7 Q7 Z.3
[s373 (20} rA, aS
cK_oc'] vi3 .
11 ; p
AlwaysClk-b v prA.0_(100) 3loo  qof? rA:0
prA. 1 8 b P E TA,
prA2 Tlos  qQof® TA.2
prA.3 8lps Qa2 TA.3
. _pas.C 3154 Qa2 asl.0_
: pas. 1 14155 05“5 Si.
paS.0_(100) 1 pasS.2 7 06 Q6 6 asSl.2
3 : paSh.0 8 D7 Q7 g aSh.0
pMARe’ (105) 2 508 {113) 5374 20)
u8S5a CK _0OC’| u97
11
AlwaysClk-b
aSh, aFh . .
] .
paS.1_(100) A gg qol2 agh.1
S ip1 7 ash.2 ]
pas.2 5127 af ash.
D2 10 aFh.1
pafF.1 *: B2 Q2
. +{D3 15 aFh.2
L paF.2 3 Q3pf——55
B3 25509 20
Py I .s8 _ck | uos
1 9
. AlwaysClk-b
* #TPO23
_ tb -
_pmem (100) __10 - . 1
8 _pMARe’ 3| s3747|2°  MARe’ 1 2 MAR«
Cycle3 (37) 9 500 (105} u51b (20) S04 26)
L v83¢ ; ué9a
MARe__ (26} 10 ‘
MarPgCross’
PageCross 9} 8 pAllowMDRe 4 5 AllowMDRe
< 508 uste o) 1]
IBEmptyErr (68) 13 u8Sc
S04 74
u69ft
Project File Designer . Rev ] Date

Dandelior] MIR | pLionHead08 bilGarner J | 8724/80




fYNorm fYNorm
S138 s ExitKernel’ $138 lis i¥Noop
J14 EnterKernel’ 114 MapRetY’
1¥.1 (20) 3sa 13 R A1 20) 34, PN K Refresh’
T2 1BDIsp’ 2 PushY’
1v.2 (20) 2152 O3 Mas i nTRT 1y.2 Zis2 Q2T ClrDPReg’ 53
o stackPe’ o CITIOPReq’ 2
1Y.3 (20) 1 32»9 sla 1v.3 P 82»9 i ::
ar 7 CycleY’ a7’ 7 ClrKReq’ 87
E'EE |v2 (34) e E E’ | v61 (34)
4‘6 5 6[5
Y.0 (20 prop from Sel = 12[2] = 14 nS Y.0' _(20)
S.1__{20 prop fromEn=11[2] =13 nS S.1
5.0 (20 5.0
X fZNcrm
813%0,4 5 tXNoop 513%0’ 15 RefrashZ’
1X.1 (200 3 a1 R« 12.1_(20) 3 a144 BBtre 1
: 84 Qa3 Shife & 54 gai2 BPtre0’
412 CycleX’ 412 CiINepc1862’
1X.2 2sa 23h7 CINcpe 18X 12.2 2s2 o33
X.3 1 Qs 10 MapRetX’ 2.3 1 as’ 10 Pop2’
< 51 gad2 PopX’ -5t oof2 PushZ’
Py 1 PushX’ arlz AltUAddr
g ee |ues (34) £ EE |us3 (34)
BT 3[e[s
2 L e A Z.0 (20) "
I 1x.0'3og) " 3.2
5.3
100ut 100ut
A ST38 1, 0PODatae’ 8138 s DBordere’ =
J14 OPCtle’ £ Jia PCtie’ ==
1Y.1 (20) 3le, 8;1,: ETEC 21 1Y.1_(20) 315, g;n: e .g
fY.2 2 YR LE KCte” __— 1955 1y.2 2 PorR L QutSple’ 5%
S S82 G EODatae’ == . 82 qull EOCH<’ ‘,,6
.3 ] 4 T3 EICH £33 .3 ] ae1o KCmde 1=
—E———{51 Q12 DCtIFifoe’ ‘: : $1 Qa2 10utSpae’ 157
ari DCtle 5T ol PODatac 3
e £ & |vag (34) e’ € € |ve2 (a4
a[e[s a[e[s
v.0 (20) £Y.0" (20) |
, 180 I 15.0
S.1 ] 15.1
10In 10In
513%0, 15 ~ElData’ = 313?}0, 15 «IOPIData’ )
14 «E|Status’ - Jr4 «l10PStatus’ E
12,1 (20 3ss N2 —KiData’ 131 2.1 (20) Ssa Qi <ErrIBStkp' 134
12.2 2 Q3 cKStatus’ 133 12.2 2 EYLE: <RH
: $2 Qal KStrobe’ = . s2 04,11 <ibNA’
N —MStatus’ SK 1o ib’
2.3 sy OS5I kreat 112 -2 S ) “TbLow
. arlZ ~EStroba’ 3 oo <ibHigh’
e EE' | v55 (34) e EE | v54 34)
al&[5 65
2.0 (20) _15.2' (20)
5.7 2Z.0
5.2" 15.3°
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-ab.0 _(20)

11 1o aD.0’ .
'|>“f S04 25)
u69e
Shift’ 34 5
GycleX’ 34 4 8 sh
CycleY’ (34 35 S10 (39)
u84b .
CINepe16X® (34) 12
11 . CINepc16
CINepc162Z' (34) 13 SO0 can be S86 (39)
us2d
PopX' {34) 9
8 Pop
Pop2’ {34) 10 S00 (46)
u87¢
PushX’' (34 13
_PushZ' (34 2 12 Push
Pushy' (34 1 o u84a (39)
MapRefX' (34) 10\
8
MapRefY’ (34) 9 S88
u70c
Refresh¥’ (34) 13
: ] 11 Refresh
RefreshZ' (34) 12 u70d (48)
7. p 4
Tima
This change is made here because it was not made
In the MCt! card. Note that it exceeds the Max timing
) 18.9' (20} - .= 5T e T e EEE T o
] Nibble’
1S.3 (20) 4 S00 (25)
v83b
1S.0 _(20) 2
3 Byte’
1S.1_ (20) 1 v53a (25)
18.2 _{20)
£S.3_ (20) : 8 XBus B’
r- S20 (25)
= v52a
tzZ. 20 9
120 15 8 EnLRotn’
53 120 3 .J7 v52b (25)
. EnDuspBr
1S.0 (20)
3 DispBr’
1S.1_(20) 1 LS32 (45) -
v40a
5
8 EnDispBr.3A’
fY.0 (20) 4 v40b (70) Oxxx
10 '
8 EnDispBr2-38°
’
1v.0'_(20) 9 v40¢ . (70) 1xxx
13
11 EnDispBro-1"
fY.1 (20) 12 v40d (95) 10xx
1S.2 (20 10
8.3 (20 9 8 XByte’ 12
tZ.0 (20 11 u84dc (25) 11 Xhigh«0
13 v53d (30)
Nibble' (25). f
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DispBr[0-1] = max(c+32,69 133) X. 12 XDisp 2 .. y
= Y12 YDisp 3120 " qor it DispBr.0' 1 &) ¢ #TP024
20 ttofy X1 XDisp = gO ; DlspBr A’ ;
24[3] 8151 select to DispBr -y ~D1 ., spBr.
18 DispBr’ setup IY = YDisp 71181 Qi (119max) ©u #7P025
64[3]= 69 - 14|22 a3
, 1203 a2
95 t to EnDispBro-1 1.?1‘ B3 Q3
18(2] 85151 E’ to DispBr . LS1568
18 DispBr’ setup sB_E v4l
131[{2] = 133 nS 1Y.3 (20) s .
EnDispBro-1' (44) :
c condition source
12[2] 8181 data to DispBr
18 DispBr’ setup
c+30[{2]= ¢c+32 X 14 XDiap p 5 =
Y14 YDisp 3 0‘1)
Cycle2 (23) XC2npeDisp 2 D2
YIODisp.0 YIODisp 1
08—z XwdDis 503 vi3
= B 2404 , DispBr.2’ 1
X.4 XHDisp 4 0§ w .—-ﬁ.T!;—n'lT—.—@ tl #TPO28 -
X.8 XLDisp 13 08
DsipBr setup PageCross PgCrOvDisp 12 07
5 S00into pTC ¥ 20 9
61} S64 Into pNIA - v :0 - 75754
i B[1] . 25509/8374 setup . T aT ;0, —— — (52 | 3151 e Dok
18n8 51 g v30 ‘
7
EnDispBr2-38° (38)
DispBr[2-3] = max(c + 26,55,103) F.0 . NegBr 4 0o
o e T — h
15[2] 8151 select to Disp8r D2
18 DispBr’ setu Mesaint MesalntBr 03
— P p PageCarry ____PageCarryBr 5104 Y -g DiSPBr.3A’ 1
51[4]=55nS Carry CarryBr 4 w’ 119'":_;") tl #TPO27
X1 XRefBr 3 35
70 t to EnDispBr.3A’ NibCarry NibCarryBr 2 D‘;
13[2] 8151 E’ to DispBr
18 DispBr’ setup Y. 20 9 s4
101[2] = 103 nS 12 120 10
(2] = 103 n Y.: 20 11132 S151
c condition source 7" - ugs
7(1] S151 data to DispBr .
18 DispBr’ setup EnDispBr.3A (38)
c+23{3]=¢c+268n8
-
X.15 XDisp 4
Y15 YDisp ; g?
pc16’  (20) XC2npcDisp 215,
139 YIODisp.1 YIODisp 03 5
X.10 XwdDisp : 5154 Y, r DispBr.3B’ 1
X.0 XHDisp 4 b5 w (1 19max) t1 # TPO28
X.15 XLDisp 3
OVR PgCrOvDIsp 12 |D6
D7
Y. 20 9
Y2 (50 i0]34
Y.3__ (20 11132 S151
E’ v35
7
EnDispBr2-38°* (38)
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pNIA[0-3]  pNIA[4-7]

INIA.O__(100) 2 _INIA.4_(100) 2
GND 329 qo [A—BNIAO' 1 & 4y 4Tpo2e B.0 EW) 3120 ao'ft NIA.4" 1 &) u #TP033
e 3130 2180
NIA1_ {100 5159 7 oNIAL 4 A5 (100) 559 7 NIAS® 1
PU 8ln, ar—EeNMAL 1 Gy #rroso B.1 30) elat ar S tl #TPO34
NIAZ (100 71 NIAG (100) ] ,
lesalnt__(34) 10122 q [2—BNA2" 1 6y #TPo31 8.2 {30] 0122 Q2 |2—RNIAG' 1 &y 4Tposs
NIA.3__ (700 14153 12 pNIA.3® 1 - IA7_T300) — 14108 12 pNIA7 1
BpPtr.1 (34 3as a3 a3 tl #TPO32 B.3 o) 13lp; o3 T ti #TPO36
= lis1s8 : AEETaE LS158
sB_E_|u21 sB_E' | u3a
_ [ 15 : 1] 15
Refilllntc2 _(94) Good!BDispe2 _ (94) ‘
EKTrapc2 (20) ] EKTrapc2 20)
NIA[O-7] = max(127, 120, 46) nS
94 t to Refilllntc2 100 t to INIA 20 tto EKErrc2
24[3] LS158 SBtopNIA’ 12[2] LS158datatopNIA’  18[2] . LS158 E’ to pNIA’
5[1] 25509/8374 setup 5(1] - 25509/8374 setup 5[1] 25809/5374 setup
123[4]= 127 n8 117[3] = 120 nS 43(3] = 46nS
(See page 11 for pNIA[8-11] timing)
pNIA.8 pNIA.9
Link.0’ 1 : Link. 17
80) 3 .. pICO_ 1 5 _+_pTC:1
S0 (124max th #TPO37

. 1 o~
DispBrO’ 2 ~TT2amax] © 1 #TP039
119max .

uS52a

1
Swed’ {20} | ‘ . Swc3’ t20)
EKTrapc2' {20) EKTrapc2’ (20)
L3,

INIA.8_(100) 2 INIA.S _ (100)
1B.4 (34) 6 18.5 {34)
GoodIBDispc2_ (94) 4 Good!BDispc2 (94)
EKTrape2’ __(20) 5 EKTrapc2’ (20)
Swed (20) 9 Swe3 (20)
TC.0 (34) 10 TC.1 (34)

pNIA.10 pNIA.11

Link.3’ 13

GoodiBDispe2 (94)
EKTrapc2' _ (20)

Swe3 (20)

GoodIBDispc2 (94)
EKTrapc2’ (20)

Swed (20)

T 8 TC.2 1 DispBr3A’ 2 .
“MarPgCross’ 9 STO[ (124manx 4 #TPO41 DispBr.3BT 1 o U #TP043
ud7e |, ) 119max) .y -
131 : ' 1z
we3’ 20) 112 Swe3’ (20) { 12
EKTrapc2’ (20] 1 EKTrapc2’ _(20)
La, L
INIA.10 (100) 2 INIA.11_ (100) 2
1B.6 __ (34) 1B.7 (34) 6
4 [
[=
~jC
9

o lonlalo

TC.2 (34) : 10

TC.3 (34)

—
o

Project File
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If $189's are used Instead of Arm27507’s

then invert the output of NIAX with LS$240’s, TPC[0-3]
. _GND 13
NLO (77) 14| A3 27807
N3 151 A2 u
NE.2 1Al
AO
ﬁﬁ'?: 121z a3l T:;g'?: O) tI #TP0O4S
NIAX[0-7] A%t Qo2 a22 o tl #TP046 .
' AR 2{o1  a1ff TEea— Q) tl #TP047
BNIA.5? 3100 aol? NIAX.S5’ (20) o wer 112) O tl #TPO43
oNIA 6 4109 39 NIAX.6 o
TPNIA7" RO “NIAX.7’ PDT-t
DNIA 0" gl02 s NIAX.O' WriteTPC’
pNIA. 17 3 3 NIAX.1® :
BNIA.2 2|04 Q4Ew NIAX.2 ! ‘
4lps Q5 ' TPC[4-7] .
pNIA.3 7loa  aolie AX.S
DNIA 47 8 ig NIAX .4 GND. 13
T37) D7  Q7F5374 o143 AM27507
ck_oc'|us it 15
' ] 1 2 1Al
AlwaysClk-a AOQ
SwTAddr_{(20) o A
ALy 121p3 g3l Teed — 1@ u #TP049
A&5. 2102 a2i2 To&2—~0) tt #TPO50
HALD, Slo1  aiff e —— O tl #TPO51
TPC/TC timing 120} Do Q0 112) Q t #TPOS52
: CS’_WE
77 ttoNt . .. 2] 3
35"  Am27507 tAA wnfngp‘(t:'c
5(1] 25509/S374 setup
- 117{1]= 118 nS
(1= TPC[8-11]
, 12 ias AM27507
LI HmIng.: o= - - =it N -5 A2, ug . .
‘20! feorx 2 1 ﬁ"
35 Am27S07 tAA Q
22[3] pLink’ to Link’ NIAX.8' . 12 11 TPC.8"
18 DispBr’ setup NIAX. Q" 10128 Qg TPC.07 Q) tl #TPO53
18 AR —10102  a2f ELa O) tl #TPOS4
95[3] = 98 nS o1 aitk 1re8 0) ti #TPOSS
o) DO QO =55 O) tl #TP0O56
20 t10fX.0, NIAX.7' : I :
22[3] fX.0 to pRet’ PDT-tpe. J
22[3] pRet’ to Link’ WritaTPC’
18 DispBr’ setup * #TPOS7
R th
82(6] = 88 nS plink.0’ 1] _
. - #TPOS58
Link th
ano 13173 AM2750p —BLInk.1"_1
- A2 u3s .
X 2 5 #TPO59
NIAX[8-11] K A tb
(131max) 20 A0 plink.2’ 1
pNIA.8’ 3 2 12 11
ONIA 07 r} 3‘1’ 8(1’5 Zo) 10 gg ggg - #TP0O6O
RIA. 10- b2 qQ2f Sip1 a1 tb
e 1 S1bs a3 41p0  qof2 pLink.3’ 1
B - 3104 qafl? cs'_We’
T 141ps  asps 2[ 3
pTC.2 he  oohis £X.0__(20)
pTC.3 18157 0‘7‘* 9 WriteLink®
124max) 5374
CK_0C'|u10 NIAX.7' (20)
AlwaysClk-a " '”TP?tf' TCHold
SwTAddr_{20) 1 13]s374 |12 TC.0
TC * #TPOB2 u26t
It oniy pullups were used GND 13 th
on output of Link (instead NLO (77) 14|73 AM27S07 1 14] osq 115 TC.1
of the L532 kludge), then NE.1 15 "f . #TPOS3 9
Link timing would be: Nt. 11A
M 110 tb
98  WriteLink’ active TCX.0 12|00 qaftt_TCY.0 1 171 u2en P8 1C.2
25{3] WE’ to pLink high TOX. 1 1010y Sofg v * #TPO64
18 DispBr’ setup TCX.2 6 D1 a1 7 TCY.2 tb
—_— TCX. 2 2 5 TCY.a 1 18 19 TC.3
141[3] = 144nS 2 1():%' 2 T u26i 55
PDT-tpe 2’ 3 AlwaysClk
Write TG
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ScheduleProm-RevC

59 EQORound : .‘. AS ‘ Tasks
551 Click.0 [@0] 81as 1 i
03 Click.1 (20 7 A7 Q3
— Click.2 {20 - 5
) 104 DPRea” (22 2 Y L io 77 3100 qof &0 1 Qu #TP06S
T OPReq’ (22 3laa 43 77 —=-D1 Q1L G tl # TPOE6
: XReq’' (22 4 ail = D2 Q2 s ©O) tl #TPO67
86 z —4A3 =Emu (77) 8 9 Ct=Emu 1
KReq’ (22 A2 14 R 73103 0353 510 O tl_#TP0E8
a8 RefReq’_ (22) A qopd—I T 04 Q4aps . 84
KernReq’ (20) 5 AO C.i :C —1D5S Q5= T ;24
F93453 et D6  Qbfg at 5
cs' _cs’ | vs0 Ct=Emy (30) 8p7 . a7 573 "('a‘o'fm“ 1 © a #7Pos9
SwTAddr (20) i0] 8 ck oc'|vas
Cycle2’ (18) o 5 N
' CacClk
_PDT-W
Pt.0_(30) 17Nz 1
<vsee ©) ti #TPOT0
Pt.1 15| ™5 1
: < e © tl #TPO71
pr.2 13| N7 1
<v569 © t #TPO72
Pt =Emuy 11 9 . 1 . . , .. ) P
KPS Pa: @u #TPO73 . - T ey
Cycle2 (22)
SwTAddr (20)
SwitchProm-RevC d
* #TPO74
tb
g' gg 15147 N Swe2 1 14]s3ara |1s Swe3
CRRET Has @ (122) u3sg (20)
NLO (77 31hS a2t B WS awaysCik .
Nt.1 (77 4 .
Cycle2 (22) 6 107 2 ;
“Wait 51) 51he  Qof AlwaysCik
F93427 _ .
cs'_cs’| ue7 )
4 1% . .
PDT-A | Swe?2 timing = max(133,101,101)
22 t to Kreq’
* . . 55 F93453 addr to Nt
45 F93427 addr to Swc2
10[1 ] 25809 8B setup
132[1]= 133 nS
Nt (Prom) Nt . ct Pt
ct 3-8 Previous Current Previous gg ;.;gf: :;,r éds‘;': o Nt
c2 Next Next Current Previous 45 F93427 addr to Swe2
c3 3-S5 Current Next = Current”
e —— 10[1] 25809 SB setup
100[1] = 101 nS
28 t to Nt-Pt
15[2] S241ENtoNt
45 F93427 addr to Swec2
10[1] 25809 SB setup
98(3] = 101 nS
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MemErrc3 (90 4
(iesg] , 15374 [19
Pt = Emy34) 5 u55i
WaltCik _ PEKT’ 3| S374 |2 EKTrape2’ 1@y grpore
u38h i
EgKT 7 fggg & EKTrape2 1 & 4 #Tposo
CSiIntProm-RevD :
_ pEKO 8 32;;19 EKENO' 1 @y #Tpost
* #TPO78
- 45 tb 1] .
A9 pEK1’ 13] s374 12 EKEr.1' 1
£S5Par0 (34 Sina 11pcspe‘?, 7]Ls37a s uast [ (a0l O #TP082
CSPar.1_(34 7 A7 Q3 u55d
CSPar.2 (34 Ny * #TPO77 AlwaysCik
CSPar.3 (34 2148 aifl? tb  WallCIk
CSPar.4_(34 3 1 ;
(SFard i3 A4 113 _pmi 8|Ls374 |9
CSPar.5_(34 4 a1—"55 ErrorProm-RevE
il 2 1a3 50 us5e
MesalntRq’ (34) A2 14 .
~ O
CleintErr (:45 6 Al QO WaitClk BEmptyErr (68 15
Mesaint __ (34) 5 = - A9
- A0 F93453 tmuMemErris4) 16,9 11 pEKT' 1
cs cs'| uss CSParEre_(34) 171,27  Q3p—LE=——Q) tl #TP083
TPO78 tackErr 3
T " #IPO7 Stackk 4 116 12 pEKT 1
POT-W © tb VirtAddrerr (34 214 Q@ u #TPO84
1 ClrintErr’ {34 3 A4 i3 EKO' 1
Ct=tmu__ (34 alas  eif—E——-@u #TPO8S
. : Cycle1i 21 7 ,
StackVirtProm-RevE EKErr0” (20) 6142  qoft— Sk 1 @ u #7TPoss
. EKErr. 1’ (20 5 2; : -
F93453
e : Lest cs'|u3e -
T _stackP.0 (20 181,9 i 10 aé ;
stackP.1 {20 16 1 PDT-A
StackP.2 (20) 17|43  qaftieSE 1311837412 1 L1 @ u #TPose
stackP.3 (2 Tlne 2 " #Iposs
) Ly )
,‘)’f‘);, .:Jﬁ a5 Q" g WaitCllc EKErr’ at Trap location 0
VIO (55 a|hd qqfl3RVAE 14118374 105 11 @ u #TP0S0  0IBEmptyErr
K = ~4A3 (110) us5g 1 StackE
. 2D Lia2 14 . ac r
MapRef (48 Sl A Qo WaitCik . 2 Emulator Mem Err OR Virt AddrErr
PopZ’ 34 5 A0 3 CS Parity ERr
F93453
CS’ CS' | u71 MStatus[8] = EmuMemErr
10 8<[7 :
PDT-W ‘
KernPC16Prom-RevB
 #TP091
th
GND__15 , ,
A7 ggleoKR 1 7] s374 15 KemReq' |1 5y yrpoeg
- = =4AB (80) us1d (20)
CSParErr 34 2 1as 1o - #TP0O92
=xitKernel’ 34 3 Q2 AlwaysClk
spieriernel, 194 4 ﬁg 11 pecier L 17[isara lis c18' 1
OPWait 20 7 ai R 2 © tl #TP094
< A2 80) u55h 34) .
CiNepcib (39 61ns
5|he  aof¥ WaitClk
F93427
cs’_cs'| us3
ik
- _PDT-A
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Clock Receivers

E Cyclet®
(18, 13typ)
EB Cycle2’
(18, 13typ)

. Cycle3d’
(3 loads!) o a1 (34, 25typ)

Qualified Clocks
pAlwaysCLK’ : 5 A
{9at, 133) “
|9 4
| 11 4
2
TCWaitc1’ (20) 12 WriteTC'
} ‘ 11 W(TCQ (42) 1 ud7a 1981, 137)
Cyclel (21) 13 508 , '
us5d i 5
R i ; 8 - C2C!Kk
Cycle2 (22) 4 S00
. T us7b

o

b : pWaltCLK’> .. 13 12 WakClk - R —

94r, 133 1 4 V171 T (est, 137)
2
3 WriteSy’
CIN-SE-wrSU {20) 1 500 {987, 137)
via
5
i 8 WriteLink’
_NIAX.7* (20) al - vib {o8r, 137) -
. 13
11 WriteRH’
RHe' (34) 3 4 RHe (39) 12 vid {@8t, 137)
u6Sb T
8 WriBFront
iBFronte__ {94) vic {98t, 137)

WriteTPC’

Cycle3 (37)

10
9
2
3
4.
WrTPCLow l 5 D’r uda

191}

1B (34)

8 wWriBQ (88)
LS32 13 WriteiB
u40b 502 (94t,133)
v83d
. : Wait Control
l_‘lT‘_QJ 10PWait _(34) 1
Cycle1l __(232) D‘-
L13], J1
y . 8 81 8374 |9 13 12 14 15 TCWaitc1’
ESE Disp-Proc’ _ (30) . 9 DJ'D uS1e us1t uSig - (200
MAR<’ (26) p 10 1p uBéb AlwaysClk .
THa 9ol 12 I-— Waite2® (20) 8 Wait 7
YH.5 (39 3 5  BankO
YH6 (39) 2 $260  (46) Walte1® (53) 10, v
YH.7 (39 13 v29a
Detects low bank for max 1024K mem.
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NetN!A.O? 12 NetNIA.O' 12
NGINIA. 1’ 3 NetNIA. 1’ 13] A1
! CH) A10 =t r A10
otNIA. 2 14 etNIA.2 4
= A9 ; —=1 A9
ethNIA.3. 15 A8 etNIA.< 5 A8
NetNIA.4° 161 a7 * #TPO9S etNIA.4° X e * #TPO96
etNIA.5’ 7 AG tb etNIA.S’ 7 A6 th
NetNiA.B' 61as poll 1 prA.0 NetN1A.6’ 6145 DpoM 1 pra.1
etNIA.7’ 5 etNIA.7’ 5
tNIA.8" 73 o StNIA. &' a|rd
NetNIA.9' 3] a2 » etNIA.O’ 3102
NetNIA_ 107 2133 NetNIA. 10’ 2] A%
NetNIA. 11 1 etNIA.11° 1
2 AO = A0
:Em.o i 11 DIN Czln.1 - 1 DIN
o e ol L o i Ik
cs’ | V19 — CS’ vs
8tNIA.O? 12 NetMIA.O? . 12
otNIA. 1’ 131 A13 etNIA 17 13| A1t
NetNIA,2® 14l g StNIA.2’ 4] ag
etNIA.3’ 15 A8 NetNiA.3’ 5 A8
StiNiA.4° 181 47 * #TPO9Y etNIA 4 181 a7 * #TP098
atNIA.5’ 7] a6 @ tb NotNIA.5” 71 a6 th
\z ﬁ?’ : A5 DO 7 . 1 .prA.2 :t 27, g A5 DO 7 1 prA.3
StNIA. S’ 3 o StNIA S’ X v -
StNIA.9” 31 a2 etNIA.9’ 3] a2
atNIA. 10’ 2 Al etNIA. 10’ 211
NetNIA.11’ AO otNIA.11’ AO
L5in.2 1 DN S 1o
P CSWE.a’' — 8 - ) . . R ;
-4 AT WE’ |2147 WE’ l214‘7 e PP R B
PDT-CS.a 101 cgr 439 PDT-CS-a 0] ogr 7S
etNIA.Q' 12 atNIA .0’ 12 .
etNIA. 1’ 12 2}3 otNIA. 1’ 3 2:;
StNIA. 2’ 141 4o NetNIA.2’ 4] g
eiNIA.3’ 51 a8 NetNIA.3" 5| a8
NotNIA. 4 16147 * #TPO99 otNIA. 4’ 161 .7 * #TP100
etNiA.5’ 7 A8 tbh etNIA.5' 17 A6 tbh
etNIA .6’ 615 polZ 1 prB.0 otNIA.6' 6145 Do 1 prB.1
+ NetNIA.7" 51 NetNIA.7’ 51 as
NetNIA.8' 4143 NetNIA 8’ Y I
NetNIA .9’ 3145 « "NEINIA.9’ 3] an
ctNIA. 10 2187 otNIA. 10" 2123
etNiA. 11’ 11 a0 NetNIA. 11’ A0
CSin.4 1l N CSIn.5 1] pin
CSWE.a’ 81 wer 2147 SWE.a’ 81 wer 12147
PDT-CS-b 10] oo us9 PDT-CS-b 10] nar e
NetNIA.Q’ 12 NetNIA.O' 12
NetNIA 17 13 2}& NetNIA. 1’ 13 2}3 v
StNIA. 2’ 14 rq NetNiA.2' T
NotNIA_3’ 151 aa . NetNIA.3’ 51 aa
StNIA.4 161 a7 * #TP101 NetNIA.4’ 6] A7 T #TP102
NetNIiA.5" A7 %e th NetNIA.5' 71 a6 @ tb
etNIA.6' 8 A5 DO 7 1 prB.2 NetNiA.6° 6 A5 DO 7 1 prB.3
NeotNIA.7® 5 A4 ’ etNIA.7' 5 A4
etNIA 8’ a3 NetNIA.8' 4] a
NetNIA.9® 3 A2 NetNIA.9’ Ak A2
NetNIA. 10’ 2193 NetNIA,10° 213
NetNIA 11’ 110 . NetNIA, 11’ ila0
T —t T T
A we 12147 SWE S Slwe | 2147
PDT-CS-b 10} og w27 = ~ - - _PDT-CS-b 101 o w12
CSTimjng,
17 t to NIA’
13 - transmission delay
70 tAA 2147L
100 nS
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t ] L ’ n
e sl T P
NotNIA 27 2] A10 SINIA.D? 2| A0
otNIA 37 5] A9 GtNIA. 37 A9
eINIA. 47 [ ﬁ‘; - #7P103 NotNIA 47 f‘g ‘- #TP104
NetNIA.5’ 1 A6 th etNIA.5’ ‘As .@tb
otNIA.6’ 6142 pol? 1] pas.o StNIAE 51 ne bolZ 1 paS.1
NelNIA.7° : SINIA.7° 5
SINIA.S aA4 otNIA.S' 4] A4
etNIA.9’ A3 NetNIA.9’ 3 22
NetNIA. 10’ p ﬁf NetNIA.10° 2153
atNiA.11’ A0 NetNIA.11° A0
CSin.0 11 Ak . CSin.1 1] A,
g))l’."gba —3 we 12147 S 2 ve 12147
cs’ v20 Hes vé
StNIA.Q’ 12 NetNIA.0’ 2
otNIA 1’ 13 2;3 NotNIA. 17 3 2}3
NetNIA .27 14 StNIA.27 4] A
atNIA.3’ 15 ﬁg etNIA.3’ 5 ;\‘g
StNIA.4’ 16149 * #TP105 NotNIA. 4’ ) - #TP106
etNIA.5’ 17 AB tb NetNIA.5’ 17 A8 th
NGtNIA 6 51AS Lol pas.2 StNIA.6’ 518 LolZ 1 aF.0
StNIA.7’ 5 GINIA.7' 5162
etNIA.8' 4 ﬁg etNIA.8’ 4 A3
NetNIA &’ N e StNIA. O’ 3143
NetNIA.10’ 2 A1 etNIA. 10’ 2 Al
NetNiA.11’ 1 A0 etNIA.11’° AO . -
CSin.2 1| o : CSin.3 T1] Ao,
CSWED Bl | isbr (oo CSWE.D’ Y oo 12147
PDT-Co-a 10|t gk PDT-CS-a 0] 5 u76
NatNIA.O’ 12 NetNIA.O? 12
etNIA. 1 3 :}(’) NetNIA.1° 13 ﬁ:(‘)
StNIA.27 3 NetNIA.2? y
otNIA. 3’ 151 A9 StNIA. 37 5] A%
StNIA 47 161 73 C #TP107 StNIA. 47 6| A3 - #TP108
NetNIA.S* 17 A8 th etNIA.5’ 7 AG th
etNIA.6’ 6 A5 DO 7 1 paF.1 etNIA.6' 6 A5 Do7 1 aF.2
StNIA.7’ 51 e StNIA.7’ 5] ha
otNIA.8" y ‘23 SINIA.B ZX
otNIA.O’ 3 s NetNIA.9’ IV
StNIA. 107 2143 NGtMIA 107 2142
NetNIA 11’ i NetNIA 117 o
CSin.4 Tl Ak Csin.5 (KN
CSWE.D y . CSWE.D’ ,
WE' 2147 COWE.b: 8 |ype 2147
PDT-CS-b 10] l% s PDT-CS-b 1] e o
NetNIA.Q’ 2 NetNIA.O’ 12
NotNIA 17 13 ﬁ}g SINIA. 1’ 131 210
NetNIA .2’ 4] a8 atNIA. 27 14] Ad
NetNIA.3’ 151 g NelNIA 37 51 %2
NetNIA.4' 16149 - #TP109 NetNIA.4' 6] no - #TP110
NetNIA.5' 17 AB th NetNIA.S’ 7 A6 tb )
StNIA. 6 1 as oolZ 1] _ paD.0 NetNIA.6' 6las polZ 1 paD.1
NetNIA.7’ 51 a4 NetNIA.7’ 514
NotNIA B’ a|nd StNIAS a]h3
StNIA.S' 343 NGtNIA .9’ 3|5
etNIA 10" 2] 42 NetNIA 10" 2143
StNIA 11’ 2o NetNIA 11’ 1 %0
CSin.6 T} A CSin.7 (KN
CSWE.D 3 CSWE.D" B
WE’ 12147 -S4 wer 12147
PDT-CS-b 0] ce | ioa’ - - PDT-CS-b 0] ve, 2
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\ . i) ) \ . y 1’
(PR 21 A1 A F1AN
L 31 A10 =L A10
NetNIA,2 4 etNIA.Z 4
2. A9 - 141 a9
B8tNIA.J 5 A8 NetNIA.3 51 a8
NGtNTA .47 6] 4% C#TP114 StNIA 47 6] A5 C#TP112
etNIA.5’ 17 A6 th etNIA.5’ 17 A6 th -
GtNIA6' : 7 1 pEP NolNIA 6 B 7 1] pCIN-SE-wrSU
: A5 DO S 81Aas DO
StNIA.7 5 StNIA. 5
L v . A4
etNIA.8’ 4 etNIA.8 4
NotNIA.O" 3143 otNIA.O’ 3] 43
StNIA. 10" 2143 NetNIA. 10" 2] A3
NotNIA 117 1] e NetNIA. 11’ o
PDT-CS-a To| WE i2147 POT-C5-a 10| VE i2147
cs' v21 cs' | v7
’ 9 ’ 47
ST P TP poy
NGtNIA. 2" gl Al10 NotNIA 27 4] A10
NoINIA 3’ 151 A9 otNIA.3’ 5] A9
NOtNIA. 4" 5] A2 “ #TP113 StNIA.4’ 16 2? *#TP114
etNIA.57 17 A6 th etNIA.5’ 17 AB th
otNIA.6’ 6 A5 007 | pEnableSU etNIA.6' 6 A5 DOT 1 pmem
etNIA.7? 5 A4 ’ atNIA.7’ 5 A4
NotNIA.8’ 4 A3 etNIA.8’ 4 A3
NotNIA.9” N i NetNIA.9’ 3 s
StNIA 10" 21 42 StNIA. 10’ 2 A2
NetNIA. 11’ "o NGtNIA 117 Ao
CSin.2 KN o CSin.a 1] A%,
CSWE.c" Blon | i21a7 SWE.C' X it 12147
PDT-CS-a. 107 ter ugt PDT-CS-3 i0] de w77
MotNIA.Q’ 12 NetNiA.O* 12
NotNIA.1° 13 ﬁ:; NetNIA. 1’ 13 :}l;
StNIA.D 4l %9 StNIA. 2’ 73
otNIA.3’ 5 A8 etNIA.3’ 5 A8
StNIA. 4’ 6175 - ETP115 etNIA. 47 6] A3 - #TP116
StNIAB’ 71 ha tb BtNIA .5’ 7] aa
otNIA 6’ s1hs Lolz 1]___ptS.0 SINIA.6° 51h polZ 1 pfS.1
StNIA.7" 5149 . NatNIA.7’ 5 ha
oINIA & 2 v NotNIA B’ ZX v
etNIA.9’ 3 etNIA.9’ 3
NetNIA.10° 2142 NotNIA. 10° ; ﬁf
NetNIA.11° Ao NGtNIA. 11’ Ao
CSin.4 ] o CSin.5 (KN ol
SWE.o’ 8l wer 12147 CSWE. 8] o 12147
PDT-C5-D 10] cer i PDT-CS-b 10] e uda
1] D i} 4
NetNIA T B an NNIAT A an
otNIA. 2" = A10 StNIA. 27 4] Alo
e =1 A9 = =] A9
GtNIA. 51 Aa StNIA.J E1 I
NotNIA. 4’ 6143 C#TP117 etNIA. 47 6] A3 - #TP118
NetNIA. S’ 17 A6 tb NetNIA.5’ 7 A6 tb
TNetNIAG AY polZ 1] _pis.2 NetNIA .6 61as polZ 1 piS.3
NetNIA.7° 52 NetNIA.7’ 513
GINIA.&' 4| A NatNIA.B’ Y
SINIA.G’ 3145 NotNIA .9’ 3]s
etNIA 107 243 NetNIA. 107 2] o3
StNIA. 117 1o NetNiA. 117 "o
SiEr——ioN | Cwer—— 10N |,
PDT-CS.B 10] g o PDT-CS-b 10] g 2
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NetNia0r 121 214 otNIA.0" 12] 1y
NetNIA. 3 etNIA. 3
1 131 A10 1 A10
etNIA. 4 etNiA.2 4 .
NetNIA.3’ A9 etNIA. 3’ 5 A9
NetNIA4 5148 * #TP119 SINIA .47 16 A8 - #TP120
. A7 - 181 a7
etNIA.5 7 A8 tbh etNIA.5 7 A6 tb
NotNIA.6’ 6145 ool 1] pfY.0 StNIA.6’ he polZ 1 pfy.1
atNIA.77 5 StNIA.7° 5
NetNIA.8' a]hd _ NGtNIA. BT 4 ﬁg
etNIA.9’ 3 A2 ; etNIA.9’ 3 A2
etNiA. 10’ 2 Al : . . etNIA.10’ 2 Al
SNIA 1T a0 ‘ StNIA 117 i
CSin.0 11 DIN CSin.1 11 DIN
LSWE.d' 81 wer 12147 LSWEd 81 wer 12147
PDT-CS-a 70 PDT-CS-3 . 10
cs' v22 cs’ v8
NetNIA.0’ 2 NetMIA.Q" 12
StNIA.T’ 3] Al NGtMNIA 1° 73] A1t
57 A10 o7 1 A1Q
e A.2 4 e A2 L
NotNIA 37 5149 otNIA.3" 15 29
StNIA. 4 : ﬁ? - #TP121 otNIA.4° Y [y - #TP122
etNIA.5’ 7 AB ©) tb e{NIA.5? 7 A6 th
“NotNIA 6" 514s Lol 1 pty.2 otNIA.6’ 5] he bolZ 1 pty.3
GtNIA.7’ 5 NetNIA. 77 5
NetNIAS 4 ﬁ; NotNIA.8" 4 ﬁg -
etNIA.9’ 3 A2 etNIA.9’ 3 A2
etNIA 1O 2 43 SINIA. 10" {42
SNIA 117 o StNIA.T1" 140
%Sln.z T A CSin.3 1] o
SWE.O° B ‘ SWED' E
WE? 12147 S WE’ 12147
DT-C5-a 0] s oA PDT-CS-a 10} be e
NetNIA.O* 2 NotNIA.Q* 12
otNIA. 17 13 2:5 NetNIA 1° 13 2:3
SINIA.DY 14 NGtNIA 27 14
StNIA.3" 5149 GtNIA.3’ 15 29
SINIA. 47 : ﬁ‘; * #TP123 otNIAA 16143 C#TP124
etNIA.5’ 7 AG th NetNIA.5’ 17 A6 tb
StNIA.6' &l as ool 1 INIA.O “NetNIA.6' 514 bolZ 1 INIA.1
. etNIA.7’ 5 A4 NetNIA.7’ 5 Ad
etNIA.8’ 4 A3 NetNiA.8’ 4 A3
NGtNIA. O’ X e » “NetNIA.9" 31 na
SINIA 107 21,3 SINIA. 10" 2| A3
StNIA L1 ] Ao StNIA 11’ 1] Ao
CSin.4 1| o : CSin.5 T A%
CSWE.G' Y B 12147 CSWE.&’ 3] wer 12147
PDT-CS-b 0] o s PDT-CS-B ol ts uas
_NetNIA.O’ 12 NetNIA.Q' 12
NetNIA 17 13 ::(’) NGtNIA 1’ 13 ﬁ}(’) .
“NelNIA.2" 73 SINIA.2) 1] A4
NetNIA.3’ 15| 48 . NotNIA.3’ 151 g
NetNIA.4" 161 7 “ #TP125 StNIA.A 161 42 - #TP126
etNIA.S’ 7 A8 tb etNIA. 5’ 17 A6 tb
NetNIA.6’ 5l as polZ 1 INIA.2 NetNIA.6 AY polZ 1 INIA.3
NaINIA. 7' 5 ha NotNIA. 7’ 5103
NetNIA.8’ 4 A3 NetNIA.8' 4 A3
NetNIA.9' e A2 etNIA.9’ 3 A2
NetNIA.10’ 2 Al etNIA. 10’ 2 Al
NetNIA.11’ 1 A0 ° etNIA.11’ 1 AO
CSIn.6 (KN vl CSin.7 1] o
CSWE.D' B SWED 3
WE’ 12147 wE’ 2147
PDT-C5-B 0l ds - |vme = - - -TPDT-C8b 0] oo 2
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i) L ? D
e 2 ; 21 a14 Ne! \llﬁ.?’ : A1
e .17 31 a10 etNJA. A10
NetNIA.2’ 4 NetNiA.2’ 4
= — A9 = =1 A9
etNIA.J 21 A8 etNIA.3 51 a8
NetNIA.4° 6 T #TP127 etNiA.4’ 6 " #TP128
5 A7 7 A7
etNIA. 7 A8 tb etNIA.5 7 A8 © tb
NetNIA.6' 6 7 1 ptX.0 NetNIA .8’ [ 7 1 piX.1
3 =1 A5 DO ) =] AS DO
etNIA, 5 etNIA.7 5
— A4 0 A4
etNIA.8 4 etNIA. 4
T =1 A3 0 —1 A3
etNIA.9’ 31 a2 atNIA. . 31 a2
NetNiA.10’ 2 etNIA. 10’ 2
Y Al —— Al
NetNiA.11 A0 etNIA. 11 AO
CSin.0 1 CSin.1 11
COWE.e” :1 b 12147 CSWE. o 5] e 12147
' PDT-CS-a 10 cs v23 PLT-C$-a 10 c3 vo
e A.C: g At1 etN A.O: : A11
etNIA.1 3 NetNIA.1 K
oY A10 o A10
etNIA. 2 4 NaetNIA .2 4
A =1 A9 e r9
etNIA.3 518 NetNIA.3 S| A3
etNiA.4’ 16 " #TP129 etNIA.4' 16 " #TP130
TV et A7 7 A7
etNiA.5 7 A6 tb etNIA.S 7 A6 th
etNiA.6’ 8 7 1 pix.2 etNiA.6° 6 7 1 pfX.3
7 =1 A5 DO ; —{ A5 DO
etNIA.7 S1aa otNIA.7 51aa
etNIA.8’ 4 etNIA.8’ 4
y =1 A3 ; —1 A3
NetNiA.9 34 a2 etNIA.9 31a2
NetNIA. 10’ 2 Al atNIA 10’ 2 A1
etNIA.11° 1 NetNIA.11’ 1 -
= AO e — AO
CSin.2 1 CSin.3 1
CSWE. & Bl oo 12147 CSWE.o” 3] e 12147
PDT-CS-a 10 cs’ w93 POT-CS-a 10 cs’ u79
NetNIA. : *E A1t etN A.‘: g At
etNIA. 13 otNIA. 3 h
- —1 A10 = A10
StNIA.2 4 etNIA.2 4
TYWU =1 A9 ] A9
etNIA.3 51aa etNIA.3 5] aa
etN[A.4’ 6 A7 T ATP131 etNIA.4° 6 A7 " #TP132
NetNIA.5' 171 as ? tb etNIA .5’ 7] he th
NetNIA.6’ 8 7 1 INIA.4 NetNIA.6’ [S 7 1 INIA.5
= AS DO 0 A5 DO
“NetNIA. 51aa NetNIA.7 5] Aa
etNIA.8’ 4 etNIA.8’ 4
y =1 A3 0 ~1 A3
NetNIA. 31 a2 NetNIA.Q A2
NetNIA 10’ 2 etNIA .10’ 2
e 5 A1l —_— - A1
NetNIA.11 1 AO NetMIA.11 1 AO
CSin.4 11 DIN CSin.5 1 DIN
CSWE.e’ 8 CSWE.e’ 8
WE’ 12147 =1 WE’ i2147
PDT-CS-b 10 cs’ u63 PDT-CS-b 10 cs’ u48
NetNIA.O’ 12 etNIA.Q’ 1
NotNIA. 1’ 131410 NotNIA. 17 13418
NetNIA.2’ 14 A9 NetNIA.2’ 4 A9
NetNIA.3’ 31 A8 NetNIA.3® 5 A8
etNIA.4’ 16147 T #TP133 . etN|A.4’ 6l a7 " #TP134
NetNIA.5’ 17 A8 tb NetNIA.5’ 17 AB tb )
etNIA.6’ 6 7 1 INIA.6 NetNIA.6’ 7 1 INIA.7
- y =] AS DO ; 3 A5 DO
etNIA.7 Slag etNIA.7 5 A4
NetNI1A.8’ 4 A3 NetNIA.8’ 4 A3
NetNiA.9' 3 A2 NetNIA.9' 31 a2
NetNIA.10’ 2 Al NetNIA.10’ p. A1
NetNIA.11’ hY A0 NetNiA.11' AO
CSin.6 11 DIN cSin.7 11 DIN
WE.e' 8 CSWE.e’ 8
WE’ i2147 - WE’ i2147
PDT-CS-b 0les |wa1. - PDT-CS-b 10 cs’ uie
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NotNIA.0’ 12 otNIA.Q’ 12
otNIA. 17 3 2:; SINIA. 1’ 3 :};
NOtNIA 27 . r otNIA 27 4
NGtNIA 3° 5] A9 otNIA. 37 5149
StNIA 4’ 16 2? - #TP135 NetNIA.4° 5 2? - #TP138
etNIA.S’ 17 A6 tb etNIA.5’ 7 A6 .
StNIA .6’ - N 1] . ptz.0 OtNIA. &' 5128 polr 1 ptZ.1
otNIA. 7" 5 NotNIA 7" 5
otNIA &' 75 v OtNIA &' 3 2‘;
NetNIA.9’ 312 NetNIA.9? k A2
SINIA 1O’ 7| A2 GINIA 1O’ 2] 22
SINIA 117 Ao StNIA 11' i v
CSin.0 11| A, CSin. 1 iT] 89,
CSWED a] DIN . . CSWE.D 3] ON
el = WE 12147 SeNEL 21 we 12147
cs’ v24 0 a cs' __|vio
N ] ” ' 49
wussaf T
etNIA 27 y ﬁ;° SINIA. 27 14 :;0
etNIA.3’ 5 A8 etNiA.3’ 5 A8
StNIA 4" 6] A2 - #TP137 GINIA.4" Y e - #TP138
GtNIA 57 7|47 th NetNIA.5" i A
StNIA &' 514S Lolz 1] pfz.2 SINIA. 67 5148 Lolz 1 ptz.3
NeiNIA. 77 5 otNIA. 7" 5
SINIA.B’ 3] A4 StNIA.§’ a4
SINIA.O® 3] A3 otNIA.O 3] A3
etNIA 10" 3 Qf StNIA. 107 p 2?
SINIA 117 N NGtNIA 117 i
CSin.2 1] 50, ~CSin.a T 80,
S A L [ S |
= Ccs’ ug4 - Ccs’ u80 -
NetNIA.0’ 12| NetNiA.0' 12
NethIA.1° 3 2:; NetNIA. 17 13 ﬁ};
etNIA.2? 14 etNIA. 2’ 4
otNIA. 37 5] A9 NotNIA .37 15] A9
StNIA. 47 6] A3 T #TP139 BtNIA .47 16 A2 - #TP140
SINIA 57 i7] A2 th StNIA 57 17142 b
otNIA 6 514S bolZ 1] INIA.8 GINIA 67 Elhe Lol 1 INIA.O
StNIA.7" 503 . SINIA 77 51 A -
NetNIA.8’ 4 A3 etNiA.8' 4 A3
NetNIA.9’ K A2 etNIA.9’ A2
NetNIA. 10’ p. A1l etNIA.10’ 21 A1
NetNIA 117 i NotNIA 117 Ao
CSin.4 1] A0, CSin.5 1] A%,
el e S |
cs' u64 cs’ uaz
NetNIA .0’ 2 NetNIA.Q’ 12
NetNIA 17 3 2:3 StNIA. 1’ 13 2:3
NetNIA 2" 4] A StNIA. 27 1a] A3
eiNIA_ 3’ 5 A8 etNIA. 3’ 15 A8
otNIA 4" 16| A3 “BTP141 NetNIA. 4’ 16142 - #TP142
NetNIA.5’ 171 a6 th NetNIA.5' 17 AB b
NetNIA.6" AS polZ 1] _INIA.10 NetNIA.6' 5las polZ 1 INIA.11
NGINIA. 77 51 A% ' NetNIA. 7" 5%
NetNtA.8' : A3 NetNIA.8’ 4 A3
GtNIA. O’ 3] s tNIA.O° 3 g
NetNIA. 107 2] 42 NotNIA.10° 2|42
NetNIA 11’ (N NetNIA 117 b
CSin.6 1] o CSin.7 KN
CSWE.t 81 we 12147 LSWE.E 81 wer 12147
PDT-C5.B ST1 PR et . PDT-CS-B 10] i, 2
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pas.1 h
pra.1 2
prA.0 4
GND
pas.o 9 EVN 5 pCSPar.0 3]s374 {2 CSPar.0Q
EP 10 ODD-q (131) u26b (20)
pfy.0
oiZ.0 3 AlwaysClk
ptX.0 13 : 5280 :
(100} v28
pfY.2
pEnableSU 2
_prA.2 4
_GND 8 p
pas.2 9 - 5 pCSPar.1 4 5 CsPar.1
pCIN-SE-wrSU ¢ oholg (131) 1 u2ee : (20)
piy. ! .
oz 1 Y ) AlwaysClk
piX. 13 5280
(100) vi1
pfY.3 1
pmem 2
paF.0 4 .
_GND 2
piX.2 g 5 pCSPar.2 7 8 CSPar.2
piz.2 C (E)"g‘:) § 31 u26d (20)
prA.3
BiZ.3 3 AlwaysClk
pPIX.3 3 $280
(100) u82
paF.2 1
prB.1 2
pr8.0 4
_GND F
paF.1 g 5 pCSPar.3 8 9 CSPar.3
-Tpfs.0 0 P (137 u26e 120)
A.0 11
. NIA. 8 3 AlwaysClk
A.d 13 5280 .
(100) u6s
INIA.2 1
piS.2 2 *
prB.2 4
GND
paD.O 9 EVN 5 pCSPar.4 418374 |5 CSPar.4
p1S .1 7 PN (13n u3sc (20
A1 1 o
NTA O 13 AlwaysClk
A.S 13 ' $280
(100) u49 pseudo position
INIA.3 1 .
piS.3 2
paD.1 4
_GND 8 5 ¢
INTA.B [ " “pCSPac.5 18 19 CSPar.5
INIA.10 c onulE (31 u3sl 200
prB.3
A 13 13 AlwaysCilk
NIA.7 13 $280
{100) u19 pseudo position ,
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1I0P TPCLow

“10PData. 1 2 [N NIAX.5’
<u7a j
IOPData.2 4 18 NIAX.6
. u7b
IOP TPCHigh 4 | <
: 10PData.3 8] 14 NIAX.7"
P : n " . u7c By T———
e m— 1S <7
] 4lb1 ot -] 10PData.4 8 12 NIAX.8’
QF Data,¢ p2 Q22 12 u7d
OPData.; 5 5 NIAX.C° !
OPData.4 3103 Q35 NIAX 17 N . V
: 3ipg  qQafi2 I0PData.7 17 3 NIAX.19’
GPData 5 4 5 NIAX.2 ~QFbata .
—ID5 . Q5 = u7e
OPData.5 PO i NIAX.:
P v
OfData.7 8107 Q7f3——u NIA XS 10PData.6 15 5 NIAX. 10"
ck_oc'| uz . < urt
[ 1
|OPData.5 13 7 NIAX.9’
(BT WeTecHign’ P
55} SWTAddr
: 15244 |[15244
@] SwTAddr w7i u7i
. EN’ EN’
T 75
SwTAddy’ . -
CSWE, IOPAddr Recv
CS Datain

r) ' *
-. !CS E.a 2

- <u1a 181 pCSWE.b’ 4
193 10PData.1 4 16 CSin.1

@ pCSWE.c¢’ 6

14 CSWE.c’

- IOPData.2 8

1OPData.3 8.

180 pPCSWE.d’ - 8 CSWE.d’

193 E pCSWE.e’ 17 3 CSWE.a’
" v51ie
@ 10PData.7 17 .
183 pCSWE.t’ 15 5 CSWE.f’

- 10PData.6 i5
- 10PData.5 13
- 10PData.4 11

10PAddr.13

176

EE 10PAddr.14

177 10PAddr. 15
LS244 || LS244

uli utj

EN’ EN’ LS244 || LS244

1‘9 1% v v51j
. _ EN’ EN’

For LS241 pullup pin 19.
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prA.0 4 prA.1 4
0a3.0 3 3‘1’ pas.1 3 g?
DEP 210’ . . _pCIN-SE-wrSU 2101
o1t {03 5 10PData.0 pty.! o3 5 -IOPData. 1
_ptX.0 E Y pfXx. £ Y
plZ.0 204 wis Z.1 a1bd - wis
K TC. 13
<=L Hos o _ Tl —121bs
TPC.4 2108 C.5 12108
‘ReadCS.0 9 54 ReadCS.0 - 9 54 .
“ReadCS. 1 10 o anmq ReadCS. 1 10
' s2 LS251 = s2 LS251
“ReadCS. 32 voa , ReadCS.2 (H S
ReadCSEN’ 4| ReadCSEn’ 7
rA.2 4 rA.3 4
gas.z g? : QpaF.O 3 |DO.
pEnahleSyU 2102 pmem 2 g;
piv.2. 03 5 I0PData.2 piY.3 D3 5 IOPData.3
pIX.2 5 Y pIX.3 15 Y
7.2 04 wid Tpiz.3 14124 wif
TC.2 3|08 TC.3 13|05
TPC.6" 12 g‘; ‘ TPC.7" 12 g?
ReadCS. 9 i S. )
=Zg¢gs.? 10 |94 '5%3‘5%5.0 1(9) S4
ReadCS.2 1152 L5251 ReadCs.2 1152 LS251
S1 e ] wuge S' e ug1
ReadCSEn’ ! Read CSEN’ 7
prB. 4 prB.1 4
2100 . = & D,O
g 511 - 2 AL
NIA.O 7102 : A1 1102 ,
N A‘4 15 D3 Y ..5_...___'_0.‘2%’.1.3_-.1. N A-E D3 Y 5 lI0PData.5
NIA.B 4104 wil A a0t wil
D 3 19 . 5 T . .
Thes 2]0s Thew 2108
: D7 =2 07
ReadCS.0 ReadCs.
;22205.1 13 sS4 a::cgs. 1% S4
ReadCs.2 11]32 LS251 ReadCs.? 11152 LS261
$1 e ués ST e u48
ReadCSEn’ 4| ReadCSEn’ 7
prB8.2 4 pr8.3 4
pab.0 ] g‘;’ paD. 1 3 3‘1’
p1S.2 3 o1S. p
] D2 ”Aa., o2 .
N A.s D3 Y 5 l10PData.6 v A':P =103 v 5 10PData.7
A10 4 o4 wi NIA 11 4 D4 wis
;C.‘ . 3156 !;C-~ - 306
TPC.10 2108 TPC.11 2108
S, R S,
3222%? i 4 ZZ§§=° 1?) s4
ReadCS.2 111 L5251 ReadCS.2 11132 LS251
S1 g - u33 - St o u1s
ReadCSEn’ Ul ReadCSEn’ 7
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2 t #TP143 17 \3“19"""”1" L ©u #TP147
4 16 PDT-A 1 15 5 PDT-tpc 1
<u41b -© tl #TP144 < T © t #TP148
6 14 POT-W 1 Lis 7 pOT-CS-a 1
<u41c © tt #TP145 <u41g - © tt #TP149
8 12 PDT-Clk 1 11 9 _ PDT-CS-b_ 1
'/?’u41d : ——Q@ t1 #TP146 /?,w“h © u #TP150
V [ts7aa ] e V . [15za4 ]
udtj . udij
EN’ ‘ ‘ EN’
1 19

_Tester 1 @tl #TP151

The Control Store can be read & written via backplane plns. Once tested, instructions (or parts of Instructions),
can be loaded in order to test additfonal features. Forinstance, all X-bus sources can be disabled by
loading a Ginto CS bits 16-23 (controlled by CSWE.c’). Simple programs to test the 2901°s can also .

" be executed in this way.

The SU & RH registers can be loaded by controlling Enable8U, CIN-SE-wrSU, & RH«~ from a microinstruction, . -
stackP, IB, High SU Addr, & Low SU Addr can be similarly tested. ’
The MIR & MIR decoding can be tested by loading Instructions into the CS.

PDT-Ybus is used to test devices attached to the Y bqs. .
PDT-A is used to disable registers or Proms whose outputs go to a register clocked by AlwaysClk.

PDT-W Is similarly used for WailClk.

PDT-Clk & PDT-Wait disable the outputs of AlwaysClk & WaitClk’d registers.

The following steps cause a CS byte to be written. It is assumed that the TPC has been written
with the required CS address.

PDT-Clk ~ 1; Swc3~1; {cause NIA to come from TPC}

10PWait ~ 1;
SwTAddr’ - 0; SwTAddr « 1; {init code}

IOPData ~ data
CSWE.x’ -~ 0; CSWE.X’ ~ 1;

11 10PWait is left high, the CP will not execute the instruction which has been loaded into the CS.
Instead, the CP will be frozen in a state where the instruction is totally decoded, but the result

will no be loaded into any register. Thus, all the microinstruction register (MIR) decoding logic can
be tested without even executing an instruction.

The following steps cause the TPC to be written: ’

10PWait ~ 1; {init code}

SwTAddr’ - 0; SwtAddr =13~ =T -
10OPData - (addr Ishift5) or (data rshift7); (set TPC addr & high 8§ bits of data}
WrTPCHigh’ « O; WrTPCHigh' ~ 1;
lI0PData ~ data and 7F'x;

WrTECLow = O; WrTPCLow = 1; (write low 7 bits}

DO card test programs for reading & writting TPC & CS available on [lris][<Workstation>LH>CardTest.dm

Project File Designer Rev { Date Page
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Pullups

vcc
1 1 1
1TOP »1TOP 1TOP
#R15 » #R21 #R17

1K 1K

PUb
B
Fuse & Vcc Bypass
50 BackVCC 21 #F1 W vece
i5 1RT
'121 15 amp Slow CS NIA Logic Analyzer Connector
. : PLAT14
2 #087 etNIAI1 1], p14[14__AlwaysClk-¢
e tNIA.10"___ 2 13 NetNIA.5’
RT* - N S =1 p2 P13 NCINTA T
et .3, 3!p3 p1af2 e 4
50 uF, 10V etNIA.8 Al pa P11 1 etNIA.J
etNIA.7’ 5 PS Pm*o etNIA.2’
© #ce6 oINIA.GT 6 9 otNIA. 17
2 A 2 13- raB otNIA.O”
R 1RT * - ! 495
v 50 uF, 10V - u
NiA[O-3
pNIA.0'(127) '3 -
TPCO(112] 4100 qoff—MAL 1@ - #7152
NIA. 17 5
ST 5101 qiff—MAL 1 Gy #TPi53
PNIALZ 11
D2 10 _NIA2' 14
PC.2° P | #TP154 \ A H
ez 73 R Qu #TP1S CS NIA Line Matching
TPC.3’ 3lg; o3 p—— SOt #TP158 18 ohms
s8 CK | ua : NIA.S' LARIR 2 NetNIAS'
) =
Swc2(20 ) ’ - . ’
ez — NIA.4 1RRINZ —_ NethiA4
NIA.3’ 1" #R3..2 NetNIA.3"
NIA[4-7 AN
NIA.2' 1" % R6. 2 NetNIA 2’
pNIA.4'(127) 2 o LFT
TeCa (112) 400 qof? NIAA 1 @ u #TP156 NIA.1' ARG NetNiAv
“pNIAST .
TPC.5' 5101 aif—MAS~ 1 @u ateis7 NIA.O’ 1" B8, 2 NetNIA.0"
DNIA.6’ 11 , CILFT
TPC.6’ 2|02 @ftt—NAS 1. Gu #1Piss NIA. 11’ 1R B2 2 NetNIA.11"
pNIA.7° y ILFT
. 21p3 15___NIAZ 1 , . ,
TPC.7 Slea 03[ =5 © u #TP159 _NIA.10 1 ARIN 2 NetNiA.10
sB_ck | u20 : _NIADY 1°#R7. 2 NetNIA.9"
) TIFT
Swe2(20) , . ‘s
AlwaysClk-a - NIA8” 1 ‘(ﬁ\s/\.zlﬂ_ﬂ. NetNIA.§"
' NIA.7* 1" 4RI, 2 NetNIA.7°
IA[8-11 _TLFT
NIA[ ] NIA.6’ 1" £ B9, 2 NetNIA.8'
ILFT
pNIA.8'(131) 3 .
TPCE (112l 400 qof? NIAS' 1 S u #TP160
PNIA.S 5 ,
TPC.9" 5101 - gy MBI I Gy #TP16Y
pNIA_10’ 1 ’
TPC.10° 12|02 ol —MAIC 1 Gy #rris2
pNIA.11’ 4
TRC.11" 3lps  osf—MAIL 1 Qu #TP163
25509 .
s8 ck | u9
sweaieo) 1] 9
AlwaysClk-a
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Unused Parts

1
17] 8374
S i . oo
u87d
1 5374
% uS51l 3.9
AlwaysClk
10 13
1
9 LS32 1 LS32
udOc u40d
Junk 374 Allocation
5374 S374
g15 - Always Clock , h16- Always Clock
5374 5374
b MAR~ u51j b EKTrapc2’ u38j
¢ AllowMDR~ CK 0C] c CSPar.4 PC only CK OC
d KernReq’ . 11 1 d EKTrapc2 . 11 1
e WaltC2 AlwaysClk-c I e EKErn0' AlwaysClk-¢ ‘
f WaltC3 PDT-Clk 4 EKErr.1’ PDT-Clk |
g TCwait g Swcd
h h  Swecd
f i CSPar.5 PC only
LS374 85374
h17 - Walit Clock X f9 - Always Clock
LS374 5374
uS5j u28j
b IBPtr.O 4 b CSPar.0
¢ I1BPtr.1 11CK ? C ¢ CSPar.1 1CK ? C
d CSParErr WaitClk d CSPar.2 AlwaysClk-a I
e Mesalnt e CSPar.3 .
f  StackErr FDT-Walt f TC.O -POT-Clle |
g VirtAddrErre2 g TC.1
h pct1é’ h TC.2
i MemErrc3 i TC.3
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vce

N R NEIEY, N BRI BN .2.2.2 .2 2. 2 2.
o [=] - o 1 « 3 © ™ [ Q N < n
- 0 - O © © [
slt 8le ale 8le Ble v 8le &lc Ble 8Ly 8lp & 8le 3le Blr
#41 ®T = #glu 2T #911 2T #4 = #4 = #g = = 2 w7 aT 7 T3 #g =
‘e . Y ‘e " - - e | ..1 " ‘e . e
. i N .
Y R R I EFT R AT N S o i I B
e} <} 0 © ~ © | o Ve o < © o
' - - - < < | .. o9
olk 8lk 81k 31t 8Lk oLt BLE dl& Slk olk Sk oL L oLk
w7 = #gnu ®T #4 2 =T+ #4-1 #4 2 aT2 iaT2 =TS = w13 = #; =
. . . . . . S - . . .
. &
i
i
f
i
. .
[} zf . 2 . oNpC 2 v ,2_. . . 2. R - | . o . 32, 02 . 22
p 2T 21 &I+ &+ &fF - oalEa E ﬁ_T 8 8l &
olw olu olw oli olu oty oly ol ol oLl 0 Olin oL
#4 *T = #411 aT2 &TF aTs #T+ =7 1wm#g = T+ 7] =T+ %
._.I n4l .1 .1. -1 .cl -.1: - -1 ._.l .1 ..1!
. . .. L3 g - - L] - » . L] . 2
N h; . Mcf._% n th - MAT %fT 02_,.. - %u WW~T - P
oLk 8L& 8Lk Sib 8LlE 8l oLk Oli 8Ly oLg 3 95 105 5 9=3
2T #guu *®TE 2= =T=- #411 2 a2TF &= =»T= 2 %7 1=T= =S
‘e .1. -1 .‘l -1 .1 -cl Lol .4I = .1. .4!

NOTE: C1-C65, CAP., CERAM, 50V, .10UF , PART NO. 702W05218
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f) LIO n y '/(4' /;’05_‘
Dandelion Central Processor (CP)

pLionHead # # sil are the printed circuit board schematics.
sLionHead # # sil are the stichweld board schematics.
LionHead # # sily are documentation pages.

2901 Chips 1
Lookahead, ShiftEnds, Cin 2
SU ‘ 3
RH, stackP 4
IB 5
XBus: LRotn, ZeroHighX 6
XBus: IB, constants, ErrInt 7
MIR 8
MIR Decoding 1 9
MIR Decoding 11 10
Dispatch/Branch 11
pNIA, pTC 12
TPC, TC, Link 13
Schedule, Switch, & Tasks 14
Error, Emulator, & Kernel Proms 15
Clocks, Wait 16
Control Store A [0-7] 17
Control Store B [8-15] 18
Control Store C [16-23] 19
Control Store D [24-31] 20
Control Store E [32-39] 21
Control Store F [40-47] 22
CS Parity 23
10P Interface | 24
IOP Interface I1 - CS Read 25
Testability 26
Discretes & NIA 27
Unused Parts 28
Filter Capacitors 29
Block Diagram [ 38y
Block Diagram II 39y
NetNIA. sil 40y
Change History I 41y
Change History 11 42y
Timing: MAR «, Ybus« 43y
Timing: Ybus«, Xbus«, Setups 44y
Timing: D-input Setups 45y
Timing: R Register Cycle Times 46y
Timing: Allowable Xbus Operations 47y
Timing: Allowable Ybus Operations 48y
X bus Static Loading & Capacitance 49y
Y bus Static Loading 50y
Estimated Power Consumption Sly
Layout - Stichweld 52y
Layout - PC 53y
PC Layout Notes 54y
X bus Delay 55y

Also see:

Iris|K Workstation>LH> # LionHead-M.press -- s or p schematics

Tris)K Workstation>)LH>CPProms-K.dm --Proms

Tris|K Workstation>LH>DMR .press --Dandelion Microcode Reference

IrisiK Workstation> LH>CPCheckQOut.press

Iris)K Workstation> L H>DLionIORules.press --Rules for 10 controllers
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[0-3] [4-7]
R.0 8 9 R.3 8 9 R.7
RAM3 RAM RAM3 RAM
Q.0 161 o3 202 Q.3 16] o3 S P Q.7
rA.0 (20) 1 rA.0 (20) 1
~ A3 s A3
e i
: = A1 . = A1
tA.3 (20) 410 rA.3 (20) 4150
rB.0_(12) 20 . 1.0 (12) 20
8.1 (1)) 19] s vaf32 ] TB.1 (1)) 19182 vaE§ ve—{53
B.2 (/2) 18163 Y2:7 v 51149 8.2 (12) 18185 Y22 Ve o3
rB.3_(12) 17180 Ml V52 rB.3 (12) 171a0 Y1 s v 154
X0 22 YoF 259 y 2 Yo L 54
41 3 23] D3 43 M5 23103
14175 24102 2 14356 2402 32 G4-7’
42 3 25] D1 G ';5 44 X7 251 2! G' B35 PA-T
142 == DO p ?ia Carry 144 == ~ DO P %
CINO-3 29 n COuTs: F.0 PageCarry 29|y COUTE
37 OVR 4
sh (39) 6 ov sh (39) 6 OV ¥
IC8 AR FZero IC8 T Al FZero
) - B ——icr P
aF.0__(J0) 37 <8 aF.0__ (0] 37]!C6
~Fh.1 (0] 28]'C5 aFh 1 (0] 35]/C5
aFh 2 (0] 36]'C4 aFh2 (0] 76]'C4
ash.0 (0] 2211c3 ash-0 (0] 1413
2h. 21ic2 : 1241c2 _
aSh.1_(20) 31c1 2901A aSh.1_(20) 311¢1 2901A
aSh.2 (20) 12 IGO0 vda aSh.2 (20) 12 10 v3a
CP___OF CP____OF
18] 40 15[ 40
PDT-Ybus PDT-Ybus
WaitClk
[8-11] [12-15] 1*3%’?* 2%
LT
R.7 8 9 R.11 8 9 R.15
RAM3 RAM RAM3 RAM
Q.7 16103 RN Q.11 6] 0% 20 Q.15
tA.0 (20) 1 i rA.0 (20) 1
11a3 a3
sy — o Ag—n
T : O Ad : 3 A1
rA.3 (20) 23 ‘/6«45 rA.3 (20) Ala0
1B.0 (12) 201 pa 39 Y8 & rE.O (12) g B3 39 Y.12
8.1 (12) 91rs Y3 S Ve85 o8 Bi(l) 955 Y3 ES V5L
8.2 (1) 18] pS Y2 = V51158 Y 18.2 (1)) &g Y252 oy B
tB.3 (/2) 171 R0 »117:‘5 v 11128 1B.3 (12) 7leo Yip=s v 5128
.8 22 Yo F 11956 X 12 22 Y0 : 158
b ] 3303 - PRE 303
0 145 %10 24|02 , la2 G811’ LYy %y 2402 , |32 G12:15’
~> [38 55 25| D¢ G 3E ZEN 48 X AE 25|01 G s P12.15’
. 25 , 135 - .15 5 , 135 -
146 DO P2 148 DO P2 NPT
NibCarry 290 023131 CIN-SE 29| Cc::'a' 7
4 g 4
sh (39) 6 ov shify (39) 6 ov
IC8 AR FZero IC8 ALl FZero
ORI £1cr "9 25 51cr .
e S e
aF2 (0] 26]'C4 ke, aFL2 (0] T
aSLO_(20) 74]'C3 e I 14]'C3
aS11_ (0] 13]!¢? W CREE)) 13]'C2
aS12_(20) 12]1S) 2901A ZaSi2_(0) 12]1¢1 29014
ICO p o | u73e IC0 op  op u74a
18] 40 5] 40
PDT-Ybus PDT-Ybus
WaitClk
sh,.aD setup = 54 nS
aF setup = 45 nS
as$ setup = 45nS
vap vap u73p uz4p A 1GP= 45 rA oY= S0nS
=aND =vee || _=anp =vee || =aNp =vee || _=GND =vce D wGP= 30 IC) ro¥= 3’2
3 70 3 10 3L, 10 3 10 m Y= 25
vee % % ) rAd o Cout = 50 aS wY= 40
D wCour= 32 aF Y= 35
Cin o Cour= 16 aD Y= 25
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2901 Carry

Lookahead
CIN-SE (48) 12 coN  czf? CINO-3 1 &) t1 #TP0O1 \
GND I—E"GIO’ cy 11 PageCarry 2 .
" PlO’ 3 PageCross 1
oL 161 ox|i? aF1.2 1 S86 © 11 #7002
ST TP aglio u70a
P8-11" 2182
G12.15’ 3 po’lZ
— 5T Gla® "8
P12-15 21613 182
u72 .
FZero 9 8 FNZero
. S04
ug9d
R Shift Ends Q Shift Ends
carry 6 X0
- 5 .
g:gg g,’gj 21x1  oxfl—=HBE 1@y #TPO03  _R.15 2
R.15 31X%2 : , 3 Q.0 1 &) u #TP005
X3 aD.0’  (26) 1 S38
10 ub7a
Q.0 mxn 9 R.15__1 CIN-SE (48) 5
CIN-SE (48) 121y, oyP——=22—© tI #TPOO4 8 Q15 1
R.0 13 : tl #TPOOB
Y3 aD.0__ (20) 4 u57b
aD.1 20 2
Shift 74 gf $253
Ex: ey 458
aD.0 (20) 1| 15
aD.0’ (26)
aD.1 shift’
0 0 Cout e R 1 ~ > 0 &——~Cin
0 1 Ciney[ TR e =207 J&—~Cin
1 0 Cn—>R— }&—Cin
s M
aD.0 = 0 implies right shift
’\/0’7 qur @ worst CasC
¢ ea
3] w F ALwhyS <LK as
A
\ Cin & Shift Ends
CINepc16 (39) 10
8
pcié’ (20) 9 us7c
CIN SE L © 1 #TP0O7
CINepc16X’ (34) 13 43
11
CIN-SE-wrSU’ (20) 12 us7d
Do L3y 1
XEROX Project . o . File Designer Rev | Date Page
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B
g (=]

SU[0-3]

st o

- d Lia7
High Addr. 61ne F93422
UAddr.2 5 v34
SUAddr JAddr.3 51]%a
Addr.4 1
3 A3
3 UAddr.5 2
prA.0 2 gg Qof2—SUAddr0 1 &y y1p164 UAddr.6 3 ﬁf
6 Addr.7 4
prA.1 5|01 qi—SUAdLL 1 Gy grp1es AO
11 Y.0 15 16 X.0
pra.2 12|22 Q@ —SUAAIL2 1 Gy 41piee Y. 13103 aopa X1
14 Y. 11 2 X2
prA.3 13103 3P 3—SUAJIL3 1 &y y1pi67 Y.3 31! Q15 X.3
(100) B3 25500 bo Qo0
< s ck | 257 C%;’CEZWE’OE’
19137]20[18
1 e
piS.2  (100) ] EnableSU (20)
AlwaysClk-b WriteSU’ (20)
CIN-SE-wrSU__(20)
AltUAddr SU4-7]
SUAddr.0 7
) = A7
Y.12 2 SUAddr. 1 3 F93422
~pTZ.0 7I00) 3|09 qof———nUS SUAddY.2 5]A° vag
Y.13 5 D1 7 u.5 SUAddr.3 21 A4
pIZ.1 8lpy Q=2 SUAQr.4 i
v.14f22 2 b2 o U6 UAddr.5 21>
y _  PU.O c 7
plZ. Q2 UAddr.6 3
B2 A1
Y.1§f2“’3 g gg s 12 u.7 UAddr.7 4 AO
5257 Y.4 15]04 aalé X.4
sB__E' | vi4a Y.5 13 14 X.5
[ 15 V.6 11102 Q2135 X
ARUAJr(34) ‘L A 21 1f2 %8
2 21po Qo :
CE1'CE2WE'OE’
Low . " 19517[20[18
SUAddI‘ EnableSU
WriteSU’ (20)
IN-SE-wrSU__(20)
NstackP.0 .{.6110)4 D0 gol2—SUAMILA 1 5 krpies
NstackP.1 8 g? 7 SUAddr5 1 SUN0-13]
RPUS 5100 o1 LS ' @t #TP169 SUAddr.0 7la7
NstackP.2 1 1 SUAddr.1 6 F93422
BUG 17|02 qofl@SUAILE 1 Gy 4rpi70 DAY .2 518 v33
NstackP.3 14 D3 15 SUAddr.? 1 Addr.3 2 Ad
pU.7__13].3 os———w——@ tl #TP171 UAQdr.4 11s
25809 UAddr.5 2 A2
SB CK |vi5 UAddr.6 3 N
1] J -
1s.2_ (100 AddLL o
AlwaysClk-b zg 15154 03:2 ﬁﬁ
Y.:O ; D2 021. X':O
Y11 3 gg gé 15 X.11
SU X-bus disable CE1'CE2WE'OE’
1531 *to CIN-SE-wiSU (tPLH) 17720018
30 Qutput Disable EnableSU (20)
10 X-bus WriteSU: (20)
. SU[14-17
XBus « SU = max(75,60) nS SUAddr.0 7 [ ]
173]  *toSUAddr SUAddr. 51A7 F93422
45 tAA _SUAddr.2 5 ﬁg v47
10 X-bus SUAddr.3 21104
72[3] = 75nS Syhddr.d A3
: X £JA2
173]  *to CIN-SE-wrSU/EnableSU SHAdarS Ty
30 F93422 OE'/CE2 to X-bus 2L A0 Y]
0__  Xbus Y.12 51ps aalie X.12
57{3]=60 nS Y.13 K 14 X 13
L YAL 102 Q2175 X.14
SU write setup AItUAddr setup Y.15 9101 gé*o X5
5[1] Data setup S[1 25509 setup CE1’CE2WE’OE’
39 WE 81 Y->pU 1%17 20[18
44[1} = 45nS 13[2) = 15nS (26 if LS257) EnableSU (20)
WriteSU’ (20)
F93422 data t-hold = 5nS CIN-SE-wrSU___(20)
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XBus « RH = max(64, 59) nS

RH Setup, 173]  ttorB
71 S240 35 S189 tAA (wr recovery = 35nS)
2513 $189 setup 9 YHto X
3204] = 365 L Xbus
T3] = 74 S
34 1to «RH’
17 the S189 must be used intead of the 29701, 15 5241 EN’ to X-bus
then place $240 between Xbus & S189 inputs. 10 X-bus
59 nS
RH[0-3]
B0 (o) 13183 AM27507
"B =1 A2 v32
A1
= M ao 2 [N\ 18 X.8
X.8 12 D3 0311 YH.O 1 59 | vi8a
§.§0 12 D2 02? 14; —1 159
R D1 Qi H. —i 61 [ 4 16 X.9
X.11 42100 qol® YH.3 — 161 vi8b
cs' WE’ >/
2‘9 3 6 1418 X.10
vigc
WriteRH’ <
8 12 X. 11
RH[4‘7] < v18d
(20) 13 2 18 X.12
—=1 A3 AM27S07
_ﬂ A2 v31 < v46a
1 A1
E] 4 16 X.13
AQ va6h
X.12 12 11 YH.4 —62
X.13 1010y oo Yib5 162 6 <14 X.14
Sy ol e |
.15 DO Qo H. r— 163
cs' WE’ 33) l 8 12 X.15
2‘L 3 /?/v46d
WiiteRH 5241 5247
v18i va46i
EN’ EN’
1 1
<RH’ (34)
NstackP stackP
colf v.12 3
_stackP.0 (20) 121n, 10 NStackP O (73 1P qol2 stackP.0
LEeo HO Y.13 6150
stackP.1 i D1 " 13 NstackP.1 5 g; o1 7 stackP.1
=1E1 Y.14 19
stackP.2 g ED22 "o 1 NStackP.2 e, gg Q2 10 stackP.2
Y.15 14
stackP.3 g D3 "3 4 NStackP.3 13 gg Q3 15 stackP.3
E3 LS283 25809
Po 30 Cl uoe SB CK vO
Push ] stackPe’ (34) 9] (ean be L5399/25L.509)
WaltClk
<ErriBStkp’ (34}
XBus « stackP_ = max(59, 38) nS
173} * to stackP
7 $240 data to X-bus
10 X-bus
34[3] = 38 nS push timing
34 +to «ErrintstackP’ 46 1to Push
15 S240 EN’ to X-bus 243 Push to NstackP
10 X-bus Sl 25509 setup
59nS 75[4] = 79 nS
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IB[0]

X.3 3 2 NB.3
X.2 209 g? 5 NB.2
X1 T PO [ NB.1
X.0 8lps  aal2 NB.O
X.4 13 12 NB.4
D4 Q4 :
X.5 3 PO NB.5 1Bfront
X.6 17106 qepé NE.6
X.7 18lo; 7he NB.7 NB.O i 2 5.0 1
8373 K D0 QO O) tl #TPOOS
EN_oc’] vie NE 3 =D  Q1p » 0) tl #TPOO9
WritelB e NB.3 S g§ gg 5 5.3 g N z;‘;g:?
SeiectiBO’_(04) NB.7 13|0a qal2 B.7 St #TPO12
NB.6 14 B 8.6 1
IB[1] Ix Toe  aehe—152 T4 sTRots
: D7 Qg T O tl #TPO15
X8 2ioo  qof2 N80 ck_oc'| vas
55 #p1 Q1S > T 1
&K 5702 Q2f5 NEB.3 WriBFront PDT-W
2 D3 Q3 =
X.15 3 p) B,
X.14 204 Q4F% NB.6
X.13 7105 Q5KF 5.5
X2 3 FO T NB.4 IBPtr.0 __ (34) 4
S373 10
EN_oC'| va4 IBPtr.1 _ (34) [ 6 {BEmptyErr
WritelB 1 1| 1 Wait (61) 8 S260 (65)
Sele BT 707] XBus<IB’_(23) 11 v29b
8373 rhold= 10 nS, 1-setup=0 nS.
(falling edge of WritelB occurs 4 nS before
rising edge of CIk.)
IBProm-PC.0-RevG
IBfront<IB[1} GND 15
34 1o IBPre 1’ cib’ (34] 1649
60 tAA 5 Be Z)) 17]5s  aaf! \BFronte L©u #1P016
18[2 SelectIBI' to N TIBPtre0_ ()] 3 .
20[2 L$374 setup BPtre 1™ (34 2],°  qfl2CoodiBDisRe2 1 Gy 41po17
_ AllowMDR<_(20) 3
132[4]=136 nS “Mesalnt g% r ﬁg P L Refilllntc2 1{»“ #TPO18
BDisp’ 7 s
BPtr.0 (3] 6142 aof2 SelectiBO” 1 &) v #7po19
BPtr.1 (34) 5 1n0
F93453
cs' cs’ | vea
PDT-Wait 8 ’%
GND__15
A9
«ib’ (34) 16
e [2)) i7]5s sl RIBPIrO 1 &) 4 #TPO20
BPtreQ’ (34) 1
BPtre1_ (34) 2]h°  oif'2 RIBRIE] 1 &) 4 #TP021
* #TP172 AllowMDRe_(20) o 3
tb Meeant 77 alhs  oifk
plBPtr.0 3|Ls374 |2 1 BDisp’ 7
A2 14 SelectiB1’ 1
us5b Ptr.0_ (34) 3 Qo -© tl #TP0O22
TITA RN AL 51AL &)
pIBPir.1 4l ssc 5] F93453
1 cs’ ¢s' | us4
8[ 10
aitCIK tt PDT-Wait _
.#TP173 - ‘L‘AA‘GO“S
IBProm-PC.4-RevG
Timing for HM7649 IBProm:
IBFront « Xbus = (x+37, x-+36)nS
X Xbus to IB x Xbus to IB 94 WritelB rises
43 WritelB rises 43 nS before end of cycle ' e
) : engorarce . «— 1] S373DamtoNB 18]  SIIENwNB
6 Difference between S373 "EN 10 Q and "Data to Q = 20[2 LS374 setu 2002 LS374 Setu
(3718 18[2] - 13[11 = 6nS. Data can arrive 6 nS P p
after WriteIB goes high. x+36 nS 132[4]=136 nS
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LRotn

[0 mod 4] Zero disable X-bus_
) 30 *to Xhigh«0
Y.4 113 yols X.0 15 S241 EN to X-bus
Y.8 215 yqp4 X.4 10 X-bus
Y.12 3 12 X.8
1.1 Y2 55nS
m g o vyald X.12
Y8 611 Xbus[0-7] « 0
V.12 7112 .
13 25810 30 + to Xhigh«0
s1s0 0] V60 B %‘&SOE
22 (2 o[10[13 s
7.3
EnLRotn’  (25)
[1 mod 4] Zero High XBus
Y5 1.3 yolts X.1 1> e X.0
Y .S 215 yqpe X.5 vigh
Y.13 315 yal2 X9
Y. a1 ya X.13 13 7 X1
Y5 5 vi8g
Y9 6|1 <
Y.13 7112 15 5 X.2
13 25510 vist
5150 O] v59
9[10]13 17 3 X.3
':%:g_%%—'l < vige
EnLRotn’ _ (25) 11 9 X.4
< vaeh
13 7 X.5
[2 mod 4] < v46g
Y.6 1 15 X.2 15 5 X.6
V.10 . 72 M i X.6 Va6l
Y.14 31, 12 X. 10
Y.2 2 :61 MK X.14 17 3 X.7
Y.6 : 26
Ty =11 v A" vace
Y14 7]'2
3 25510
| vs8 S241 §241
9811831?E vi8j va6j
2.2 (20) EN EN
2.3 (20) 79 19
EnLRotn'__ (23) Xhigh<0 (30)
[3 mod 4]
Y.7 1 15 X.3
Y13 21,5 JOpa X.7
Y.15 3105 val2 X.11
§:= 4 AN X.15
Y.11 AR
Y.i5 7 :g
51 50 OF’ 2810 Xbus ¢ Y Ll;olt)n = max (v+22 56, 50)nS
9]10[13 y  1toYbus
2200 | 12 25510 data in to out
T £ 10 X-bus
nLRotn LS
y+ 22nS LRotn disable X-bus
, 25 1 to EnLRotn’
72 7.3 3 1o EnlRom 15 25510 OF to X-bus
g 9 Ry L Xbas O
1 n
1 0 Left8 56 nS
1 1 Left 4 20 rt0fZ.2
20 25810 Select to X-bus
10 X-bus
50 nS
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IB disable X-bus

Bvte disable X-bus

Nibble disable X-bus

25 1 to XBus<IB’ 25 * to Nibble’ 25 * to Nibble’
14 S257 E" to X-bus 14 S$257 E' to X-bus 15 S241 EN' to X-bus
10 X-bus 10 X-bus 10 X-bus
49 nS 49 nS 50 nS
0, ibHigh
Xbus<«IB=max(56,56.59) nS
1B.0_(30) 2 34[4] ttoIB
3100 aof* A4 8 $257 data to Xbus
1B.1 3 D1 7 X.0 10 X-bus
B.2 =81 52[4] = 56 nS
- 5102 gaf® X.10 ‘
IB.3 74182 : 25 *to Xbus<IB
- 73103 12 X.11 21 §257 E' to Xbus
B3 93 s§257 10 X-bus
v se_e| 28 56 0S
22—y e 34 t to«ibHigh'
e 15 $257 SB to Xbus
10 X-bus
. ) . 59 nS
ibLow, ibHigh
_ Xbus « Nibble = max(39. 50) nS
B.0__(30) 2 -
5.4 3 gg ol X.12 20 ttofZ
B.2 5 101 7 X.14 9 S241 data to X-bus
B.6 6 151 Q1 - 10 X-bus
8.3 11
5.7 :c gg Q2 ) X.15 39nS
-4 14103 12 X.13 25 + to Nibble'
: 21gs 3 5757 15 $241 EN’ to X-bus
S8 B va42 10 X-bus
clbHigh' _(34) 1115 5008
XBus«<IB’' (33)
Xbus « Byte = max(38 56,50) nS
20 rto fY
8 §257 data to X-bus
10 X-bus
0. Byte 38 nS
1Y.0  (20) 2 25 1 to Nibble’
3150 aof* X.8 21 $257 E' to X-bus
1Y.1  (20) 5 D1 7 X.0 10 X-bus
: Q1 .
1Y.2_(20) T3 g; 0 .10 56 nS
10 Q2 - .
.3 (20) o B2 25 + to Byte
: 13103 12 X.11 15 $257 $B to Xbus
B3 Q3 8257 10 X-bus
\v4 sB_F va7 50 nS
Byte’  (25) 1' 15
Nibble’' (25) See stackP timings for ErrIBPtr
Nibble ErrIBPtr
2.0 (20) 2 [N\us X.12 EKErr.0’ _(20) 17 3 X.8
v56a v45e
2.1 (20) 4 <16 X.13 EKErr.1’_ (20) 15 5 X.9
V566D va5f
2.2 (20) 6 <14 X.14 IBPtr.0 _ (20) 13 7 X.10
< v56¢c v45g
12.3 _ (20) 8 12 X.15 IBPtr.1  (20) 11 9 X.11
/?/ v56d vash
S241 $240
v56i v45j
_EN’ EN’
1 19
Nibble’ (25) <ErriBStkp’  (34)
XEROX Project File Designer Rev Page
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aF.0, EnSU, mem, fY, fS

paF.0 (100) 3 2 aF.0

bEnabieSU a1p A% EnableSU

z"\‘,e;“ b2 Q22 mem {113

S —=D3 Q3% V3

pfY.3 14104 Q4E5 Y3

pfS5.0 7125 95ps 15.0

- D6 Q6 .
piS.1 18lp7 o718 1S.1
$374 (20) rB, aD, aFl
cK_oc'| v3e
T . .

AlwaysClk-b v prB.0 (/00) $loo  qof? 8.0
prB.1 4 D1 a1 5 rB.1
prB.2 7 3] rB.2

: prB.3 §102 Q2[5 TB.3
Cin, fY.0, fS , b5 o = gi 83 > .5
. 13 " .
PCIN-SE-wrSU al  qol2 CIN-SE-wrSU gg?-; 2os  asp2 a1
DO o2 CIN-SE-wrSU’ o 5106 Qehg T
ptY.0 (100) 5101 a1 2 Y.0 par. D7 Q75357 el
8 Y.0'
at’ ! cK_oc'l u50
ptS.2 12 10 5.2
D2 Q2 2L ]
08,3 sl Qzpd .2 AlwaysClk-b v
b3 gg, 2 5.3
ck oLl 5176 20)
- v38
]
AlwaysClk-b PUb
X, fZ

2§'? (100) 300 QG% §<1)

s D1 Q12 .

BiX.3 5102 Q2[5 X3

Tp1Z.0 73] Q%7 Z.0

pIZ.1 1402 gg-s Z.1

i 1 P i 75

5374 (20) TA, aS
cK_oc’| v13
11 n

AlwaysClk-b 1€7 prA.0 _(100) 3100 aol2 rA.0
prA. 4 D1 Q1 5 rA.1
prA.2 7 D2 026 rA.2
prA.3 8lps a3l TA.3
_baS.0 13 D4 Q4 2 aSl.0
pas. ] 41ps  ash2 asl.]

paS.0 (100) 1 N _paS.?2 D6 il asSl.2
3 pasSh.0 18 9 asSh.0
pMAR<’ (103) 2 508 (113 b7 Q75374 70)
u85a cK_oc'| ue7
T
AlwaysClk-b J 1€7
aSh, aFh
i
pas.1_(100) 2O gofp————eSnT.
5
0a8.2 = g} a1l aSh.2
paF.1 : gg azfo aFh.1
4
D3 15 aFh.2
paF.2 13 Q3
B3 25509 (20)
PU SB_CK | ues
[ o
AlwaysClk-b
" #TP023
tb
pmem (100) 10 1
8 __pMARe’ 3] s37a |2 MAR<’ 1 2 MAR«
Cycle3 (37) 9 S00 (103) us1b (20) S04 (26)
v53c u69a
MAR<__ (26) 10
MarPgCross’
~FageCroes 2 8 pAllowMDRe 4 5 AllowMDRe i)
508 uS1c 20) 11
IBEmptyErr (68) 13 u8s¢
u69t
Proj - Designer Rev § Dat P
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r < ,.2': g ,’E/ %
o (*fifuh Pl f) -2 © ere
fYNorm fYNorm
513300,15 ExitKernel’ Ot #TP174 313%0,;5 f¥Noop
J14 EnterKernel’ J14 MapRelY’
1Y.1 3 qarpa—Ei { 1Ot #TP175 £Y.1 3 a1 :
S4 Peyp) AL ClrintErr tl #TP176 sS4 QT_? Refres,hY
1y.2 2 Q312 1BDisp’___ D) tl #TP177 tY.2 2 Q3P Push¥
S2 04,11 MesaintRg 1 O ti #TP178 S2 Qs ClrDPReg 185
1.3 1 Q54estackPe tv.3 1 Qs CIrlOPRea’  Myaa
m)———-—”—' s1 geil Be’ m——-’ S1 g4l CirXReq’ 186
ar 7 CycleY’ a7 7 ClirKReg’ 187
£ EE |v2 E'E B’ | v61 %)
a[6[5 &[5
Y.0  (20) propfromSel=12;2f=14nS Y.0' (20)
S.1_ (20) prop from En=11{2]=13 nS S.1
S.0_ (20) S.0
£X fZNorm
S138 s fXNoop S138 115 Retreshz’
1X.1 3|l arps BH - 1Z.1 3., Qi IBRel 1 &y wrpi79
84 g3 Shift 54 qof13 BRreO__1 S 1 #TP180
1X.2 2 a3 12 CycleX’ 2.2 2 Qa* 12 CiINepc162’
2 ~2s2 O3 CINepc 16X’ : s2 Q23
To MapRe (X’ o Ppopz’ 1
1X.3 sy 95T canth 12.3 1, gg‘g EaRZ_ © tl #TP181
oI PushX’ 20 A i AUAGAr
E'EE |u68 9 E’E E’ |u83 34)
5
@ % 2.0 (20)
1X.0 (20) 5.2’
100ut I00ut
5138 lis 0PQData«c’ S138 15 DBorders’ =
r 0 £ - Y 29
1Y.1 3 eyp L OPCtle 71 £Y.1 3 a1 PGl 28
s4 oo i3 KOData=™ |- 54 Q13 MC-T 22
412 le 2 12 utSpie’ r
1y.2 2s2 Q3T EODatac’ _ }22 1v.2 25 O3 EOCHC? 26
4 = 0 L g
1y.3 1 a5l EiCtle’ ___ r353 fY.3 1 a5 Kemde' 155
$1 aoilg DCtiFiio="_ |2 $1 gele OutSpac’ 2L
ol DCtic’ 2% ) ooz PODatac” |2
EEE |v4o (34) e EE |ve2 (34)
)5 6]5
.0 _(20) Y.0' (20)
5.0 5.0
S1 S,
L gl
</ Hﬁj
I0In I0In v
5138 s <ElData’ = S138 18 clOPIDats’ _r—
J14 «ElIStatus’ = |14 «lOPStatus’ ;
iz, 3 sS4 g;’ «K|Data’ 221 iZ.1 3 sS4 8;,*: <ErrlBStkp’ L134]
Tz —KStatus’ Tz <RA"
1z.2 s2 33 KStrobe’ 132 2.2 2ss BT BNA
2.3 1], osfil—<cMstatus 155 12.3 1], ospe—= D LGy #TP182
> —G1 06’3 «KTest’ — m—-‘m 06’-4? «ibLow’
A EStrobe’ 2 ol cibHigh’
e EE | vs5 (34) e EE | v54 Y
al6[s 5
2.0 (20) 8.2 (20)
5.3 1Z.0
S.27 15.3°
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Mpv(’V

_ab.o (20)

MapReiX’' (34)

11 10 aD.0’
S04 (25)
ub9e
Shift’ (34) 5
CycleX’ (34) 4 6 sh
CycleY'  (34) 3 S$10 (39)
usdb
CINepci16X’ (34) 12
11 CINepci6
CINepc16Z’ _ (34) 13 4 S00 can be 586 (39)
ub2d
PopX’'  (34) 9
8 Pop
PopZ’  (34) 10 S00 (46)
u87¢
PushX’' (34) 13
PushZ’ (34) 2 12 Push
PushY’ (34) 1 u84da (39)

8 MapRef
Th MapRetY’ (34) 9) S86 ﬂ§) {15
60 ( u70¢
4
RetreshY’ (34) 13
11 Refresh
RefreshZ’ (34) 12} u70d (45) {16 ]
/.
15.2' (20) 5
6 Nibble’
$S.3 __(20) 4 S00 (23]
v53b
15.0 _ (20) 2
3 Byte’
tS.1_ (20) 1 v53a (23)
£S.2  (20) 1
1.3 (20) - < 6 XBus«IB’
2 S20 (25)
= vB2a
_iz.0 gg) J 9
Z.1 ] 10
- — 8 EnLRotn’
Ao 2 }vm )
EnDispBr
1S.0_(20) 2
3 DispBr’
£S.1_(20) 1 LS32 43)
v40a
5
6 EnDispBr.3A’
1Y.0 (20) 4 va0b (70) Oxxx
10
8 EnDispBr2-3B’
1Y.0'_(20) 9 v40c 1xxx
13
11 EnDispBro-1’
1Y.1_(20) 12 va40d (95} 10%x
S.2 (20) 10
153 (20] 9 8 XByte’ 12
Z0 (20) 11 uddc (25) 11 xm?;O«o
13 v63d
Nibble' (25) [
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DispBr[0-1] = max(c+32.69.133) X.12 XDisp 2 . ,
” 1o fY V.12 YDisp 31pe Qo' [ DispBrO____1_& ¢ #71Po24
243 S151 select to DispBr X.13 L LLSD Sip4 7 DispBr.1’ 1
18 DispBr’ setup Y.13 LLisp 1? g1 ! (TT9max) © 1 #7PO25
64[3]=69 1%' P2 az|8
1
95 * to EnDispBr0-1’ 1305 a3 (¥
18[2] S151 E’ to DispBr a'l LS158
18 DispBr’ setup SB_FE’ vai
131[2] = 1330S 1.3 (20) s
EnDispBrO-1’ (44)
c condition source
12[2] $151 data to DispBr
18 DispBr’ setup
©c+30[2]=c+32 X.14 XDisp 4
Y.14 YDisp 3 | DO
Cycle2 (Z3) //},521)170Disp 2 g;
YIODisp.0 ) isp 1
39 e - D3
[ e SUALD 2104 'i DispBr.2’ 1
; XHDisp alby W W—@ tl #TP026
X.8 XLDis 3
DsipBr setup PageCross ZCrO%Digg 12 g?
N S00 into pTC
6]  S64intopNIA ] 2sa
Si1 25509/5374 setup Y3 (90 77152 S151
18 nS S1 g v30
7
EnDispBr2-3B’ _ (36)
DispBr{2-3]=max(c +26,55,103) F.0 NegBr 4 ‘
20 o fY fZero ZeroBr 3 g?
15[2] S151 select to DispBr :ANZG:'O‘ AN{Zer?B:% . 2152
18 DispBr’ setup 2220 £30 71 D3
5_1[4_].. 658 PageCarry CazeCI;arrvBr 5 D4 Y -2 Di%)Br 3A’ 1@ | #7PO27
=55n Carry arryBr 4 W’ . t
X.11 XRe/Br 3PS (115max)
70 *to EnDis%BrBA’ NibCarry NibCarryBr 5 ge
13[2]  SI5LE to DispBr I 7
18 DispBr’ setup Y. ggﬁ 9 sa
_ Y.: 10
101{2] = 103 nS Y.3__ (20 11 gf i 5151
¢ condition source =T uss
1&1] Sg%pdglfﬁsg%g’sp& EnDispBr.3A° _ (36)
c+23[3]=c+26nS
X.15 XDisp 4
Y.15 YDisp 3 |PO
pci16” (20) XConpeDisp 2 |D1
155 YIODIsp. 1 YIODisp 102
0 ’}"I"D.’g’ 15104 Y,'g DispBr.3B’ 1 :
: XHDisp 4 w —777%7__@” #TP028
X.15 YL Dis 13 |DS max,
OVR 2CrOvDisp 12 g?
Y.1 (20) ]
Y.2___ () 70134
Y.3__ (20 11152 5151
1 g v35
7
EnDispBr2-38° _ (36)
XEROX Project File Designer Rev | Date Page
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pNIA[0-3] pNIA[4-7]
NIA.O  (100) 2 , A4 (100) 2 ,
GND 3100 a0’ 4 pNIAOL 1 & 4 #TP029 B.O G0 3100 Qo 4 NIA4 1 &) 1 #TP0O33
Al _(J00) 21p1 7 pNIA1 1 1A.5_ (100) 5 1p1 7 NIA.5' 1
PU 6gy O L PA-L T ©tl #TP030 B.1 (30) 6lg; Qv L .pRo 1 O tl #TPO34
NIA.2_(100) 115, o pNiA2 1 TA6 (100 115, o NIAG® 1
saint__(34) 10]g5 Q2 p—etncs 1 ©t #TPO3 B.2 (30) 0lg; Q2 : tl # TPO35
S ——15(0® o 2 BNAS 1 5y 410 ) T #
tr. 13 ' —%—'-}-——-@t 32 B 13 3 _'%—h'@ tl #TPO36
B3 LS158 127 B3 LS158 127,
SB_E’ | u21 SB_E’ | u34
1] 15 [ 15
Refillintc2 (94) ' GoodIBDispc2 (94
EKTrapc2 (20) EKTrapc2
pNIA[Q-7]=max(127, 120, 46) nS
94 + to Refilllnte2 100 1to INIA 20 -1 to EKErrc2
24(3 1.S158 SB to pNIA® 122 1.5158 data to pNIA® 18[2 LS158 E’ to pNIA®
S 25509/5374 setup 31 25509/8374 setup S[1 25509/5374 setup
123[4)=127 nS 117[3]=120 nS 43[3]=46nS
(See page 11 for pNIA[8-11] timing)
pNIA.8 pNIA.9
1 (<] pTC.1 1
© 1 #7PO37 DispBr.1’ 5 S00 | (124max) @ tl #TP030
1 ?7?5max7 ° ub2b
4?3
Swc3'’ (20) [ 12]a Swcd’ (20)
EKTrape2’ (20) 111a EKTrape2’ (20)
s,
b
INIA.8 (100) 21y INIA.9 _(100)
iB.4 (34) 6 ._. B.5 (34)
GoodBDispc2 (94) 41 GoodIBDispc2 (94)
EKTrapc2’ __ (20) 5% EKTrapc2’ (20)
Swe3d (20 9 $64 Swe3 (20)
d u24
TC.0 (34) 10 |g TC.1 (34)
pNIA.10 pNIA.11
_Link.2’ 11 _ Link.3’ 13
DispBr.2' 10 1 DispBr.3A' 2 12 pTC.3 1
TMarPaCross' 8 ¢ © 1 #7POA DispBr.38” 1 o 570 | (124max) -© t1 #7TP043
1 (119max) u37a 1
312 13
Swe3d’ (20) [ 1212 Swe3’ (20) 1 12
EKTrapc2' (20) 1113 EKTrapc2' _(20) 11
s, L s
b
INIA.10 (100) 2 |p INIA.11 (100) 2
IB.6 34) 6 B.7 (34) 6
GoodIBDispc2 (94) 4]¢ GoodIBDIspc2 (94) 4
EKTrapca’ _ (20) 518 EKTrapc2’_ (20) 5
Swel 20 9 S64 _Swe3 (20) 9
d u25
IC.2 (34) 1014 TC.3 (34) 10
XEROX Project File Designer Rev | Date Page
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11 S5189’s are used instcad of Am27507's

TPC[0-3] then invert the output of NIAX with L§240's.
WLW_-:‘(? 12 A3 AM27507
Nt.1 15 2% us
Nt.2 il [
NIAX.O’ 12 11 TPC.O’ 1
_ D3 Q3 LrLl D) tl #TP0O45
NIAX][0-7] AT 202 azf2 Tl 0) tl #TPO46
¥ Ax'.:y a1 01 Qifs ..,:'3, 0) tI # TPO47
, . , ; DO QO 5 ) tl #TPOA48
r A2 —2oo o —NAXS_ 1oy #Tp18s (20) CS’_WE’ Uy
S 2{p1 a1 51 S #TP180 2] 3
pNIA.7 6 NIAX.7 PDT-tpc
pNIA.O" 5102 Qg Naxo 1Tt #TP190 WriteTPC’
BNIA T 73103 Q3 NIAX 7 O) t! #TP183
pNAZ— 141Dt Q25 WIAXZ 1 41hiae TPC[4-7)
pNIA.3" 17 5 NIAX.3'
PNAT—61P8  Q8fe—Niax = tl #TP186 GND 13
) 07 Q7fiZz=s ©) tI #TP187 Nt o 7714 A3 Agn27so7
ck_oc'|us Nt 1 15| A2 u
ET Nt.2 7]A1
AlwaysClk-a AO
SwTAddr ?727) y _ y
A 12103 qapl 1;g‘; D) tl #TPO49
o T srow
NIAX.7" 4 5 TPC.7
el) lé%, “c;(’: 5 O tI #TPO52
PDT-tpc 2[ 3
WriteTPC’ .
NIAX[8-11] TPC[8-11]
(131max) GND 3
/ A , S A3 AM27S07
BLA8 — 210 qof—NAXE 106 u #1pies NLO (1) 141h2 u8
A0 QIR T ! #TP192 P =1
ENATT 5702 02; AT T Q) tl #TP193 : AO
s 203 Qa3 A1 31 &t #TP194 NIAX.S" 12 1 TPC.8°
BrE —=p4  Q4fzs —© tI #TP195 VA 5103 Q33 Tree ©) tl #TPO53
D =D5  Q5h2 1.0t #TP196 N D2 Q22 T O ti #TPO54
s T5ioe  ospe 1Ot #TP197 AT o1 Qiff TheTT Q) ti #7TP0S5
Y v D7  Q7{gs=r 0 tl #TP198 el DO QO 5 0 tl #TPO56
ck_oc’|u1o S8 e
o1 PDT-tpc
iy
* #TPO57
tb
pLink.0’ 1
. #TPO58
TPC/TC timing Link tb
;g “023%07 ,;_(ND 13l AM27S0p —BLink. 1" 1
Am tAA - —=1A2 u3s .
511 25509/5374 setup 22 APy B e
117[1}= 118 nS 0 A0 pLink.2’ 1
NIAX.8' 12 11
NiAX.e 0108 33 - #TPO6O
Link timing NAX10 8o oiff ounks AP P
0 ttofX o0 DO, W20
35 Am27S07tAA 58k
3] pLink to Link’ xo 0 2|
18 ispBr’ setup WriteLink’
95[3]= 98 nS
NIAX.7' (20)
20 1 to fX.0, NIAX.7* * #TPO61 TCHold
22[3 fX.0 to pRet’ tb
22{3]  pRet to Link’ 1 135374 |12 7C.0
18 ispBr’ setup TC - #TPO62 u26f
82[6] = 88 nS GND 13 tb
A3 AM27807
Nt.O 4 1 14 15 TC.1
Nt.1 5133 i © #7TP063 1200
Ifonly pullups were used Nt.2 1]A1
on output o/}jnk (instead 77 A0 b tb 17 16 TC.2
of the LS32 kiudge), then TCX.0 12] 0. qgafli_ICY0 u26h :
ink timing would be: TCX. 1 101ps  Qole__TCY.i ‘ #TPO64
TCX.2 3 7 ___TCY.? tb
98 WriteLink’ active TCX. 3 alpy  aiE__Tcy.: 1 18] o6 2 TC.3
25[3]  WE’tw pLink high (20 cs' WE' (112) uzbi
18 DispBr’ setup 3 3 AT e
_ PDT-tpc [ waysC
141[3] = 144 nS WrlteTC
XEROX Project File Designer Rev | Date Page
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|
O ()
g el ol S
) S 4 e e 1Spiay =
. ?ﬁﬂ% ff\,Te \J'O’S’:i‘ V"‘o d Ethernet=2
’S/ 0 P A Refresh=3
st
V\ —
4(’,\11 69? / eduleProm-RevD control store rd/wr=6
55— EORound 51 a9 Kernel=7
551 Click.0 (0] 6]ns 11 Tasks
Toal_Click.1_(20) 71a; Q3
foar—ERted ggﬁ AL o2 Nt.O (77) S1o0  qof2 G0 1 @)t #TPO6S
¥ 82 _opneqq’fZZ) 3] ? 13 o o1 oif S —-Q i #7P0GE
Qe pe_—CReC Lo 2 Q1 Nt=Emu (77] 592 9% CizEmu T ! #TP067
> 22 KRea'_ (2)) Ao 14 Sto (30) b3 Q35 o O tI_#TPO68
'S 87 [ RefRew (2] 6]aT aoftd— ST (30) 1404 Q45E Pt b4
KernReq’ (20) 5 > -=1D5 Q5 - 164
AO F93453 Ct.2_(J0) b6 QefL P2 55
cs' cs' | vs0 Ct=Emu(30) _ 181p; q7fiS __PlzEmu 1 @ T FTroes
15374 (30)
SwTAddr (20) 10] 8 CK _0OC’|v36
Cycle2' (I8) T 1
C2CIk
PDT-W
Pt.0_(30) 17 \:3/569 L ©t #TPO70 Click Task
< 0 Ethernet
Pt 15 2 L ©u #1PO71 % %g‘
< 3 Ethernet/Disk
Pt.2 13 <7V 555 1 © tl #TPO72 4 Display/LSEP-Refresh
_ When Disk =SA4000, Click 3 is Ethernet only
Pt=Emy 11 9 1 ©t #TP073 When Disk = Trident, Click3 is Ethernet on even
/l/ rounds and Trident on odd rounds (i.e., 10 click round).
The Display & LSEP-Refresh tasks never both use Click 4.
Cycle2 (22)

Nt Ct, Pt

SwTAddr (20)

ek
e
o o
w hen
SwitchProm-RevC
C#TPO74
Ct.0 (30) 15 tb
A7 Swc?2 1 148374 [15 Swc3
S Lo 1ine @3 g u38g 0)
S o
- —=1A3 11 Swc2’ 1 17 16 Swcd’
Civ.cIeZ(77)(22) fpz @ (122 uosh (20)
Wait (61) 5 28 Qo 12 AlwaysClk
FO3427
Ccs' cs’lue7
14] 13
PDT-A é7 Swe2 timing =max(133,101,101)
22 +to Kreq’
55 F93453 addr to Nt
45 F93427 addr to Swc2
10[1 25509 SB setup
] 132[1)=133 1S
Nt (Prom) Nt Ct Pt " SwTAdd
N ; : 110 SW r
o fa | TREE | Ginem | Previow 2% BUACS N
: addr to Swc.
c3 3-S Current Next Current 10[1] 25809 SB setup
100[1]=101 nS
28 1 to NtePt
15[2)  S241ENto Nt
45 F93427 addr to Swc2
10[1 25509 SB setup

98[3]=101 nS
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emErrc3 (90) 4
6 ME 18118374119 1 &5y y1pige
Pt =Emy34) 5 S08 u55i
ussb ACIR
EKErr’ at Trap location 0
CSIntProm-RevD ———37] %faf,;" r’,%’E’r
2 Emulator Mem Err OR Virt Addr Err
T #TPO76 3CS Parity ERr
15 tb
- AQ _ .
g;:::.o gg :(_3, A8 0311pCSPE1(? 7 |Lsa74 l6 MSrarus/8] = EmuMemErr
CSPar2 (3] 11h1 ‘g TPO77 | U85
CSPar.3 (34) 2125 0212 tb aitClk
Sopard o — 3 oizem T slisarale
MesaintRa (37) 7 " 14 0 u55e ErrorProm-RevE
SirintE gjj &A1 @ aiclk IBEmptyEre (68) 15[, o
A0 FO3453 EmuMemErr(34) 161, 4 1 EKT' 1
& e CSParerr__(34) 17 Q3t—E=L L @ 1 #TPos3
CS CS u56 * #TPO78 St KE (4) 4 A7
T0] 8 21ackIl (] AB 12 EKT 1
PDT-W ‘L tb VitAddiErr (37) 21,  a—"———-Qt #TP0O84
——————— CirIntEry’  (34) E Ad 13 EKO' 1
Ct=Emu__(39) a1\ qif—=""—"@tl #TPO8S
Cycled (21) il o 14 EK1’ 1 ’
1evG =8 word stack EKEr0™ (0] 6,7 Qo———-?fﬂ;—-@u #TP086
revH =14 word stack EKErr. 1’ _ (20) 5 AO
StackVirtProm-RevH F93453
" #TPO87 cs’ cs’ | u3e
stackP.0 (20) 5] a9 tb 10 %
—StackE. | g% 8ia8  qltipse 131874 12 | 11 & 1 4rpose EDT-A
e tackP.3 (0] iy .,'12 - #TPosg | 455!
:‘;i’; ggﬁ 2la5 Q2 @ alClk PEKT' 3| 5374 |2 EKTrapc2' 1 & wrpore
24A4 13 pVAE 1418374 |15 |1 u38b
YH.O (53] 2 at © t #TPOSO
Yo (30 7100 14 @ Loo8 EKT 7| S374 |6 EKTrapc2 1
p rapc
m_,zn,i_g%_g_m Qo atCIK S 38d apcs 1. © tI #TPOBO
Ao F93453 EKO’ 8| S374 |9 EKEr.0’ 1
cg’ j: u71 e B : -© t1 #TPO81
10] 8
PDT-W , ,
pEK1’ 13 3:3;;4‘12 EKEY 1 6 4 s1pos2
AlwaysClk
KernPC16Prom-RevB
* #TPO91
GND 15 , tb ,
ﬁ; Qale ?85)? 1 71 s374 |6 KerpRea’ 11 5 4/ w1pogs
d u51d 20)
CSParErr (34) 2]as 0 #TP092
ExitKernel _ (34) alhe  aoft AlwaysClk
EnierKerel (4 2{h3 11__ppcie AT - 17|isazalte  peter 1
OPWait (20) 71, Qf 7%6) -©) tl #TP094
g L u55h (34)
CiINepci16 (39) 6 141
5 AD 0012 aitClk
F93427
cs’ cs’| us3
a[ 13
PDT-A <'7
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Clock Receivers

Cyclet’ 1A
[ 2 - n®
pWaitCLK’ (18, 131yp)
::1 Cycle2’ 3 A
Lways Rang 2 (18, 131yp) ]
pAlwaysCLK’
Cycle3’ 5 A Cycle3
[} (34, 250p) j S04 (35, 291p)
u69c¢c
Quualified Clocks
pAlwaysCLK’ 5 (] AlwaysClk-a
(941, 133) “< vi7c (981, 137)
9 A 8 AlwaysCik-b
u< vizd (981, 137)
11 10 AlwaysClk-c
g vi7e (981, I37)
. 2
TCWaltc1’ (20) 121 N 3 WriteTC?
11 WrTCQ (42) 1 u87a 98+, I37)
Cyclel (21) 13 sSo08
u85d 5
6 C2Clk
Cycle2  (22) 4 S00
u87b
pWaitCLK’ 13 12 WaitClk
(941, 133) V17§ 98+, 137)
2
3 WriteSU'’
CIN-SE-wrSU (20) 1 500 (987, 137)
via
5
5] WriteLink’
NIAX.7> (20) 4 vib 98+, 137)
13
11 WriteRH’
RHe' (34) 3 4 RHe (39) 12 vid 98+, 137)
u69b
10
’ 8 WriBFront
IBFronte _ (94) ) vic (987, 137)
2
a
Cycled (37) 2D'L 8 WriteTPC'
b S51 (997, 138)
5 WITPCLow | 5, ugéa
iBe’  (34) 5
6 wriBQ (86) 11
LS32 13 WritelB
u40b CLK $02 (941, 133)
v63d
oPwait (34) ; Wait Control
ai
(KEE Cyclel  (22) 31_
Co L3
Dioplay Ban K~ , a 8 8| s374le 13 12 14 15 TCWaltc1’
Dptay E Disp-Proc’ _ (30) ] D_r uSte us1t uS1g (20)
MAR<' (26) 1 10 |p u86b AlwaysClk
YH.4 (39) 12
Walte2® (20) Walt
YH5 (39] 3 ,
Yire (30 = Waltc1® (53) )
YH.7 (39) 13
Detects low bank for max 1024K mem.
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spp | Dandelion | Clocks, Wait plionHeadl6.sil] Garner M| 8/23/80 16




Ne.\ A.O: f A1 Ne A.O: :':' A1
NetNTA 1 3] at0 NetNIA. 1 3] a10
NetNIA.2" 2 NetNIA.2" 14
v C =1 A9 - - A9
NetNIA.3 51 A8 NetNIA.3 S a8
etNIA.47 6], " #7TP0O95 etNIA.4° 18] 5 " #TPOYG
etNiA.5’ 17 A6 th NetNIA.5’ 17 A6 tb
NetNIA.6’ 6 7 1 prA.0 NetNIA.6’ 6 7 1 prA.1
v 0 A5 DO n A5 DO
etNIA.7 5 A4 NetNIA.7 5 Ad
NetNTA 8" 4 eINTA 8" 4
v y =] A3 - — A3
etNIA.9 < etNIA.9 <
etNIA. 10’ 2 A1 NetNIA.10’ 2 A1
otNIA 11’ NetNIA.11’ 1
e AO — -1 AQ
CSin.0 1 DIN CSin.1 1 DIN
CSWE.a’ 8 . CSWE.2’ 8 .
= =y WE' i2147 = WE’ i2147
PDT-CS-a 10 cs’ ‘ vig PDT-CS-a 10 cs' v5
BINIAO 124 a14 gtNIA.0- 121 A1
NetNIA. 1 3] a10 etNIA. 31 a0
NetNIA.2' 14 NetNIA.2’ 4
ru =1 A9 ~ =1 A9
etNIA.3 51 A8 NetNIA.3 5 A8
NetNIA.4° 16 A7 " #TP0O97 NetNIA.4’ 6 A7 © #TP0OO8
NetNIA.5’ 17 A6 tb NetNIA.5’ 7 A6 tb
NetN|A.6’ [3] 7 1 prA.2 NetNIA.6’ [ 7 1 prA.3
v 5 A5 DO v A5 DO
NetNIA.7 5 A4 NetNIA.7 5 Ad
NetNIA.8' 4 NetNIA.8’ 4
N = —1 A3 T = A3
otNIA. 31a2 NetNIA.9 <l S
etNIA.10’ 2 NetNIA.10’ 2
StNIA. 117 7] A1 NetNIA. 11" o
= - AOQ . AO
CSin.2 11 DIN CSin.3 1 DIN
BT Te|WE  |21e7 Porces g VB |i21e7
cs’ ug?® CcS u75
StNIA.0' 121 544 NetNIA,0" 121 5
NetNIA. 31 A10 NetNIA. 13 A10
NetNIA.2' 14 NetNIA.2® 14
¢ U r A9 U r AS
NetNIA.3 31 a8 1 NetNIA.3 5 A8
NetNIA.4’° 16 A7 " #TP0O99 NetNIA.4’ 6 A7 " #TP100
NetNIA.5' 171 a6 (oP tb NetNIA 5" 71 a6 tb
NetNIA.6’ 6 7 1 prB.0 NetNIA.6’ [¢ 7 1 prB.1
> A5 DO > A5 DO
NetNIA.7 5 A4 NetNIA.7 5 Ad
NetNIA.8’ 4 A3 NetNIA.8' 4 A3
NetNIA.9’ 3 A2 NetNIA.9’ 3 A2
NetNIA.10’ 2 A1 NetNIA.10’ 2 A1
NetNIA.11’ 1 NetNIA. 11’ 1
= AO —~ AO
CSin.4 1 DIN in.5 1 DIN
CSWE.a' WE’ 2147 _CSWE.a’ 8 WE’ 12147
PDT-CS-b 10 cs’ u59 PDT-CS-b 10 cs’ w42
et A.-: E A1 NetNIA.O’ ? A4
NetNIA. 131 410 NetNIA 1" 31 10
NetNIA.2’ 4 NetNIA.2’ 14
r =~ A9 = 1 A9
NetNIA.3’ 21 A8 NetNIA. 5 AS
NetNIA.4’° B A7 " #TP101 NetNiA.4° 16 A7 "#TP102
NetNIA.5’ 7 A6 tb NetNIA.S’ i7 A6 tb
NetNIA.6’ 7 1 prB.2 NetNIA.6’ 7 1 prB.3
0 A5 DO > A5 DO
NetNIA.7 5 Ad NetNIA.7 5 Ad
NetNIA.8' 4 A3 etNIA.8° 4 A3
NetNIA.9’ 3 A2 NetNIA.9’ 3 A2
NetNIA. 10’ 2 A1 NetNIA.10’ 2 A1
NetNiA.11’ 1 NetNIA.11’
= =1 AO = =~ AQ
_CSin.6 1 DIN CSIn.7 1 DIN
FoTCeT 6] Ve 12147 BTceE 5] Ve 12147
Cs’ u27 CS’ u12
CS Timing
17 +to NIA®
13 transmission delay
70 tAA 2147L
10008 — T~
i i i . >
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SNIAD. 121 11 StNIA.0. 121 A14
etNIA.1 31 A10 etNIA.1 31a40
etNIA.2’ 14 etNIA.2’ 14
U - A9 = —1 A9
NetNIA.3 31 A8 etNIA.3 S A8
etNiA.4’ 16 A7 "#TP103 NetNIA.4’ 3 A7 “#TP104
‘NetNIA.5’ 17 A6 th NetNIA.5’ 7 A6
etNIA.6’ 6 7 1 paS.0 NetNIA.6’ 6 7 1 paS.1
T = A5 DO ) A5 DO
etNIA.7 =1 W NetNIA.7 5 Ad
etNIA.8’ 4 etNIA.8’ 4
0 -4 A3 y =1 A3
etNIA.Q 31 A2 etNIA.S 31 a2
etNIA.10’ 2 Ad etNiA.10’ 2 A1
etNIA. 11’ 1 AO otNIA. 11’ 1 AO
CSin.0 1 1 DIN CSin.1 11 DIN
CSWE.b’ 8 CSWE.b’ 8
s WE’ 12147 WE’ 12147
PDT-CS-a 10 cs’ v20 PDT-CS-a _10 cs’ v6
e\A.O: E Atd ehA.?: E A1
etNIA. 1 31 A10 etNIA. 31 a10
NetNIA. 2 14 NetNIA.2® 4
= - A9 U -~ A9
etNIA.3 21 A8 NetNIA.3 51 as
NetNIA.4° 16 “#TP105 NetNIA.4’ B " #TP106
=7 r A7 = A7
etNIA.5 7 A6 th etNIA.5 17 A6
etNIA.6’ [3] 7 1 paS.2 NetNIA.6’ [3] 7 1 paF.0
- ={ A5 DO - A5 DO
etNIA.7 51 aa NetNIA.7 5 Ad
etNIA.8’ 4 etNIA.8’ 4
T -1 A3 = A3
etNIA.9 31 a2 etNiA. 3 A2
etNIA. 10’ 2 etNIA.10’ 2
T A1 - Al
etNiA. 11 1 A0 otNIA.11 1 A0
CSin.2 T b CSin.3 o
CSWE.b’ 8 WE’ 12147 CSWE.b’ 8 WE’ i2147
PDT-CS-a 10 cs’ uo0 PDT-CS-a 10 cs’ u76
etNIA.O’ 12 NetNIA.Q’ 12
StNIA. 1" 131 1o NetNIA. 1 131 210
igtNIA 2" 14 NetNIA.2" 14
b~ T A9 = A9
etNIA,3 5 AB NetNIA.3 5 A8
etNIA .4’ 16 A7 T #TP107 NetNIA.4° [ A7 "#TP108
NetNIA.5’ 17 A6 etNIA.5’ 7 A6 tb
etNIA.6’ 6 7 1 paF.1 etNIA.6’ 8 7 1 paF.2
n A5 DO T AS DO
NetNIA.7 5 Ad etNIA.7 5 A4
NetNiA.8’ 4 A3 etNiA.8’ 4 A3
etNIA.9’ 3 A2 NetNIA.9’ 3 A2
NetNIA.10’ 2 Al NetNIA.10’ 2 Ad
NetNIA.11’ ] AO otNIA. 11’ 1 AO
CSin.4 11 CSin.5 11
o u—y i2147 COWE:D. 5] e 12147
PDT-CS-b 10 cs' u60 PDT-CS-b 10 cs’ ua3
NetNIA.Q’ 12 NetNIA.O’ 12
NetNIA. 1’ 131 419 NetNIA. 1 131 1o
NetNIA.2' 14 AQ NetNIA.2’ 14 A9
NetNIA.3’ 15 A8 NetNIA.3’ 5 A8
etNIA.4’° 16 A7 " #TP109 NetNIA.4’ 5] A7 "#TP110
etNIA.5’ 17 A6 th NetNIA.5’ 17 A6 th
etNIA.6’ 6 7 1 paD.0 NetNIA.6’ [2 7 1 abD.1
- 24 A5 DO : 24 A5 DO
etNIA.7 A4 NetNIA.7 51 a4
NetNIA.8’ 4 NetNIA.8’ 4
; =1 A3 ; —1{ A3
etNiA.¢ 31 a2 etNIA.9 1Az
NetNIA.10’ 2 At NetNIA.10’ 2 A4
NetNIA 11’ e “NetNIA 11" il
CSin.6 ] oin CSin.7 T oin
CSWE.b’ CSWE.b’ 8
- WE’ 12147 WE’ 12147
PDT-CS-b 10 cs’ u28 PDT-CS-b 10 cs’ ui3
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prA.0 4 prA.1 4

025.0 E g? paS.1 3 g?

pEP 2 D2 pCIN-SE-wrSU 2 D2

pIY.0 113 5 IOPData.0 pfY.1 1153 5 IOPData.1

pTX.0 510 Y ptX.1 75 Y
2.0 14 Dg wiS p1Z.1 14104 wif

TC.0 13102 TC.1 13]D5

TPC.4' 12108 TPC.5’ 12 g‘;

ReadCS.0 ol., ReadCS.0 ole,

ReadCS. 1 10 ReadCS. 1 10 :

. 82 LS251 S s2 Ls251

ReadCS$.2 11 s1 o v25 ReadCS.2 11 s1 o viz2

ReadCSEn’ ’ ReadCSEn’ 7
rA.2 4 ‘ rA.3 4

gaS.E 3 D0 gaF.O 3 |DO

pEnableSU 2 g; pmem 2 g;

g';:g 2 D3 |5 IOPData.2 5;22 1 D3 |5 IOPData.3

piz.2 12104 wis piZ.3 12104 wi§

TC.2 13 TC.3 13

TPC.6' 12 g? TPC.7 13 3‘75

ReadCS.0 9 ReadCS.0 9

ReadCs. 1 10 2‘2‘ ReadCS.1 10 gg

ReadCS.2 11 S1 LS251 _ReadCS.2 11 81 LS251

! u96 = us1

ReadCSEn’ 7 ReadCSEn’ 7

prB.0 4 prB.1 4

paF.1 3 g? paF.2 3 PO

p15.0 PHEN o151 2 g;

NIAD —ip3 5 IQPData.4 Al b3 5 IOPData.5
A 510 Y NIA.5 : Y 25
A.B 1214wl A.9 12104 wid
PC.0" 13 PC.1" 13

TPC.8’ F g‘;‘ TPC.9’ 12 g?

ReadCS.0 9 ReadCS.0 9

ReadCS._ 1 10 2‘2‘ ReadCS. 1 7054

“ReadCs.2 11132 L8251 ReadCS.? 1 gf LS251
E’ ués E’ u4as8

ReadCSEn'’ 7 ReadCSEn’ ‘ ’

prB.2 4 prB.3 4

paD.0 3 g? paD.1 3 |PO

p1S .2 . T 2 |P1

NIA.2 1]D2 NIA.3 1]D2

NIA.6 TE D3 v 5 10PData.6 W3 15 D3 Y 5 I0PData.7

NIA.10 14 gg wi A1 14 gg wlé
PC.2’ K PC.37 13

TRC.10’ 12 g‘_‘;' TPC.11' ¥ 3‘75

ReadCS.0 9 ReadCS.0 9

ReadCS. 1 10 gg ReadCS.1 1054

ReadCs.2 11332 L5251 ReadCS.? 11 gf LS251

E’ u33 £’ u18
, 7 , 7
_ReadCSEn IEER) ReadCSEn
XEROX Project File Designer Rev | Date Page
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/

- tl #TP143 17 POl Qv #TP147

16 PDT-A 1 15 <5 PDT-tpc 1
<u41b © tl #TP144 A <u4ﬂ © tt #TP148
6 14 POT-W 1 &) 4 47145 13 7_PDT-CS:a__1 @y #Tp14e

<u41c udig
8 12 PDT-Clk 1 @tl #TP146 11

8 PDT-CS-b

1 ©t #TP150

AV

/?’u41d udth
V 15344 4
udi udi]
EN’ EN’
1 79
—Tester 1 @)t #TP151

The Contro! Store can be read & written via backplane pins. Once tested, instructions (or parts of instructions),
can be loaded in order to test additional features. For instance. all X-bus sources can be disabled by

loading a 6 into CS bits 16-23 (controlled by CSWE.c’). Simple programs to test the 2901's can also

be executed in this way.

The SU & RH registers can be loaded by controlling EnableSU, CIN-SE-wrSU, & RH « from a microinstruction.
stackP, IB, High SU Addr, & Low SU Addr can be similarly tested.
The MIR & MIR decoding can be tested by loading instructions into the CS.

PDT-Ybus is used to test devices attached to the Y bus.

PDT-A is used to disable registers or Proms whose outputs go to a register clocked by AlwaysCIk.
PDT-W is similarly used for WaitClk. -

PDT-Clk & PDT-Wait disable the outputs of AlwaysClk & WaitClk’d registers.

The following steps cause a CS byte to be written. It is assumed that the TPC has been written
with the required CS address.

PDT-CIk « 1; Swc3«1; {cause NIA to come from TPC}
I0PWait « 1;
SwTAddr « 0; SWTAddr « 1; {init code}

1I0PData « data
CSWEX’ « 0: CSWEX* « 1;

If IOPWait is left high, the CP will not execute the instruction which has been loaded into the CS.
Instead, the CP will be frozen in a state where the instruction is totally decoded, but the result

will no be loaded into any register. Thus, all the microinstruction register (MIR) decoding logic can
be tested without even executing an instruction.

The following steps cause the TPC to be written:

I0PWait « 1; {init code}
SwTAddr « 0; SwTAddr « 1;
IOPData « (addr IshiftS) or (data rshift7); {set TPC addr & high 5 bits of data}
}ACI)I‘I')TSCHiglg «0: XV;;PCHigh’ «1:
ata « data an X! . .
WrTPCLow « 0: WrTPCLow « 1; {write low 7 bits}

DO card test programs for reading & writting TPC & CS available on [IrisKWorkstation>LH>CardTest.dm
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Pullups

Tester VCC
1 1 1 1 1 1 1
1TOP 1TOP S1TOP S1TOP S1TOP S1TOP 1TOP $1TOP
#R13 #R14 S#R18 S #R16 S#R15 S #R21 #R17 S#R22
1K 100 $zz20 S1K 1K 1K 1K 1K
2 CIN-SE_2 2 2 2 2
FZero
Q.0
Q.15
PUDb
Fuse & Vcc Bypass
YI0Disp.0
50 BackVCC 24 #F1 W vce
150 1RT
1211 15 amp Slow CS NIA Logic Analyzer Connector
) PLATIA
2 f:?671 otNIA. 11’ p1 p14 14 AlwaysClk-c
1RT * - :e N A.19 21 0o p13 s NetN A.S’
otNIA.O 3| ;2 P12 NetNIA.4
50 uF, 10V NotNIA.B™ 4| /o P12 StNIA. 3’
NetNIA.7" 5 Pe P o[ NetNIA.2"
© #C66 NetNIA.6' 5 5 NetNIA. 17
2 1 7 Pé P9 3 NINIA O
e P7 P8 ethif,
1RT * - I .
v 50 uF, 10V u9
NIA[0-3]
pNIA.0'(127) 3 )
TPCO (1] 4109 qoff—NAL 1@y #1pi52
pNIA. T’ 5 :
TPC.1’ 5101 qif—MAY_ 1 @ u #TP1s3
pNIAZ’ 11 ,
TeC2 12157 ozl t—HNAL 1@ #TP15s CS NIA Line Matching
-pNIA.S 141p3 15 NIAZ 1
TPC.3" 13 Qs—w'w—(@u #TP155
B3 25509 15 ohms
SB CK | ua NIA5® 1-#RI2,2 NetNIA.5'
e LT
Swc2(20) I ) . )
AlwaysCIk-a NIA4 LARIR 2 e NetNIA 4
NIA.3° 1° #R3. 2 NetNIA.3'
NIA[4-7] RN, TN
NiA.2’ 1 #R6. 2 NetNIA.2’
_DNIA.4(127) 3 , A
, DO 2 NIA4 4 , . ,
TPCa (I1) 4109  qo -© ti #TP156 NIA.1 1 #R4. 2 NetNIA. 1
DNIA5’ 5 , , ILFT
TPC.5' 5101 qif—MAS 1 Gy #TP157 NIA.O’ 17 # B8, 2 NetNIA.0'
DNIA .6’ 3 , TLFT
TPC.6’ 2102 qofte—NIAL 1@y #Trise NIA.11 1_#B2. 2 NetNIA. 11’
TN i oy aaf® N'?jg)' 1 Ot #TP150 NIA.10" 1'W51LFT NetNIA.10’
25509 LT
s ck | u20 NIA.9 1" #R7. 2 NetNIA.9’
Swe2(20 e , .W“'—FT ,
AlwaysClk-a NIA.S L RBEN2 e NetNIAS
NIA.7’ 1" #R14.2 NetNIA.7"
NIA[8-11] ALF
NIA.6’ 1 # RO, 2 NetNIA.6’
TLF
BNIAB(I3]) :
TPCe (1] 4100 qofP—NAE 1@y #TP160
pNIA .G’ 8 ,
TPC.O’ 5101 qi—NAL 1 Gy #TP161
—BNIALD 11155 10 NIA1O' 1
TPC.10" 12102 a2 : © tl #TP162
PNIAIT 14 ,
TPC. 11" 13lps  oaft—NBAL 1@ u #TPi6s
25509
sB cK | uo
] o
Swe2(20,
AlwaysClk-a
XEROX Project File Designer Rev | Date Page
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Unused Parts

1
17| s374 |1
*1 u51n 1:{}&;00
u87d

18] $374
& uS1i ad
AlwaysClk
10 13
1
g LS32 12 LS32
u40c u40d
Junk 374 Allocation
S374 S374
g15 - Always Clock h16 - Always Clock
5374 5374
b MARe ub1j b EKTrapc2’ u3sj
¢ AllowMDR« CK oC’ ¢ CSPar4 PC only CK OC/
¢ KemReq AlwaysCiie 1| d¢ ERTrapc2 AlwaysClke 1|
f  WaitC3 PDT-Clk f EKEml PDT-Clk
g TCWait g Swel
h h  Swc¥
i i CSPar§ PC only
1S374 S374
h17 - Wait Clock 9 - Always Clock
15374 5374
b IBPt.0 uss) | b  CSPar0 u26j |
¢ IBPml L 08 ¢ CSParl QK o€
d CSParFErr WaitCli I d CSPar.2 AlwaysClk-a l
¢ g’ggi%‘r‘r PDT-Wait ¢ %(s:%ar'?’ PDT-Clk
g  VirtAddrErre2 g TC1
h cl6’ h TC2
i MemErrc3 i TC3
YEROX Project File Designer Rev } Date Page
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vCcC

2. . 2 .2.2.2. . .2.2. .2. 2. .
[+)] (3] < w0 [(e] m o o~ < 2]
S1E T 31k E 81k 81k 81k T £ 81ifF 81k Eo8lk 8ilk 81k
] d | | 1 | a n A | 1 1 1
= po - = - = — — 3 =3 | pret et jw
- = # 7 aTs w77 #T+ = 7 aTs aTd s aT32 *# 7 &=
-~ ~ Ll ol o " v T - - )
o . o w ¢ o I I . A . oo o
«© [(e) [+2] » o (] ol © -]
© - - o - ® ol S+ - F o<l <l - O < |
O Y = O e Ol Ol Y R et B =t = Oy Ol
wg = S 2 a7 w*T7 &= = 7 aTs &l = #g = *T+
- Lol - - - * —! " e
72 | . 02 . 22 32 . 42 * . 72r N 82 - 02 - 22 M
5 ; 8 ; 8g 8l 8 ; 8lg 8l 8 5 8l 3Lt
o -~ ol L. - . — . T - e B .
%] = #g 2 #g #AIu 3] = = #4uu #4 T2 #4uu w® ]+
~ ..-I | -~ - | - ..1. |
o - . o - C o Y I I . Y Y A
- (3] < ©
ol c 31t L 81k olk 81k "y £ olEk olE £ olk L olEk
= -4 - - - -4 ] i - — — —= =
= = AT+ = a T+ == = aTs as = 2 wTd = #g =
- - ~ - | - - .1 |

NOTE: C1-C65, CAP., CERAM, 50V, .10UF, PART NO. 702W05218
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aFh aSh FZero

sh,,aD aFl asi FNZero
F.0
Jest I ALU ALU l;;b(;?:l'aryr to T;cro—controller
Control Function Source p 9 c y P
WaitClk i aget ross
=31 CK > Carry
rA . OVR
(e 2901’s
—> B ’
CIN-SE-wISU, pc16 . B
Y[0-15] Cin pp- 1-2 X[0-15)
Y D
-+ 16 -+ 16
LRotn
EnLRotn’ oe Am25810’s
p. 6
I Y
1Z[2-3 S s
rotate Y bus by 0, 4, 8, or 12 bits
SU regs EnablesU
nable
CIN-SE-wrSU oe svee WriteSU’
FQ3422’s :
D 256x16 Q p.3
A
UAddr[0-7]
[12-15]
pfZ 0 prA
stackP  p.4
_—l m NstackP[0-3]
[12-15] + — EKErr[0-1]’ pp. 4,7
I Ll] 1BPtr[0-1] [8-15]
stackP[0-3]
WaitClk <ErrIBStkp’
RH regs
WriteRH’ g D [8-15]
Am27S07’s .4
By, 16x8 YH g [8-15]
p-4 Q highmem ' | {
low mem address address «RH’
——— mem write data
’ 100ut Data
Instruction oo p—SelectlBO!
Buffer »p.5 QD [0-7]
to micro- 1B 8 Qb NB £n j WritelB
controller ! en
WriBFront ) .\ [8-15]
Q D
k]
oc b SelectiB1
[0]
[0-3] él' [8-11]
~ B
7
[0-3] P
[4-71 <« [12-15]
~ 1
p.6
[0-7]
Constants
i L [8-11]
e
p.7
fz [~ [12-15]
l/ i Nibhie’
mem read data >
101n Data LS j00ut
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p. 25

TPC.TC 1|2 5 5
4|s F———> 10PData
S
T
AlwaysClk
p. 23
48 ls2sos| S pesparity CSPar[0-5]
! p.23 '
pEP A p.8
prAf0-3 ", rAf0-3
prBf0O-3 2 M rB[0-3
paS[0-2 " aSI[0-2]
Control paF[0-2 2 aF.0,aFI[1-2]
Store paD[0-1 > < ab[0-1]
12 PCIN-SE-wrSU o CIN-SE-wrSuU
} A pEnableSU = EnableSU
pmem o R mem
4Kx48 p1S[0-3 A ™ S[0-3
pp. 17-22 piX[0:3 ] X[0-3 decoding:
) pfY[0-3 7 Y[0-3 pp. 9-10
CSin p1Z[0-3] ] Z[0-3]
W Din INIATO-11] -
Qwe - pMAR« MAR«
Cycle3
S—QWI ashfo0-2]
. ; pNIA pasfo-2] 3
yrpalch bronch e [0-3] p. 12 3
|- —am—-—} aFh[1-2]
. 0,1.Mesalnt.IBPtr.1 L[—-]%
DispBr p. 13
- o p. 11 [4:71 pNIA[O-11]’ NIAX[O-11]’
FZe10 [ 1B[0-3]
FNZero
[8-11] .27
B[4-7] > TPC[0-11]’ NIA[O-11]
EKTrapc2’ Jd sel = Swc2
from Error from Switch
Promp. 15 IC[0-3 Promp. 14
S
. LAl p. 13
—_LLJ__:éD'S Brf0-3 > pTC[0-3] N TCX[0-3]
p.12
X.C2.~pci6 S
Y.O.EtherBr S
4 y
: D weD W;l)t(e(l).ink
cs Pp———>"=
. p. 13
idef
Bl 8xi2 | TPC
"3,1‘)?‘« > o S 12
_‘ e } D Q@
ST WriteTPC’
h——T00 T
Ntfo-2] [ PLA_we p. 13
'S’g:;duier L> 4 8“0 TC TCY[0-3] | 7Cro-3
p. 14 D o WriteTC'
p. 13 TCX 4|
L]
NIAX 12
T
na 12
T
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This diagram defines the NetNIA.wl wirelist. This list should be wired before LionHead. wl.
Except for the first entry in each net, each node should be welded off center and towards the closest edge of the board

NetNIA.5’ 1
NetNIA.4° 2
NetNIA.3’ 3
NetNIA.2’ 4
NetNIA.1’ 5
etNIA.Q’ 6
NetNIA. 11 7
etNIA.10’ 8
etNIA.9’ 9
NetNIA.8’ 10
NetNIA.7’ 11
NetNIA.6’ 12

P3
P4
P5
P6&
P7
P8
P9
P10
P11
P12

P22
P21
P20
P19
P18
P17
P16
P15
P14
P13

vCC

WHhOONOOO -+

PLAT24
h8

Just cut the ground connection (which is really a NetNIA line),
the LionHead wire list will cut the VCC connection.
(The LionHead wire list should not try to cut the GND again,
since it will have been connected to NetNIA.11%)

NetNIA.O' 12 NetNIA.O' 12 NetNIA.O' 12

NetNIA 1’ 3] A1 NetNIA.1_ 131 210 NotNIA. T 13] 510

NetNIA2 141 72 SINIAZ™ 14§ NetNIA.2 14 p2

NetNIA.3" 51 ho SINIAZ™ 151 2 NetNIA.3 15 Ao

etNIA.4™ 16 45 SINIA.4 16 5 NetNIAL 16| 45

NetNIAS 17 pe stNIAS_ 17| 31 otNIA.5" il IV

etNIAG 6 k NetNIA.6' 6 NetNIA6 6 i

ciNiAr 540 PO - SINIAZ 5 Ao porh eiNiA7 54> DO 4

NGtNIAB 4| 2o SINIAB™ 4 n2 SINIAS 4] ha

etNIAO 3|42 stNIAO 31 A7 INAS™ 34>

NGtNIA. 10" 2 o2 NotNIA. 10" 2 NGtNIA 1072 2

NetNIA 1T 1] 50 NetNIAIT 1] po NetNIA T 1] g
'ael DIN 12147 1oe{ DIN 12147 1ol DIN 12147
Swe he e we h5 S we ha
% cs G cs’ G cs:

NeWNIAQ! 121 14 NetNIA.O' 12 4 NetNIALO' 121 , .,

otNIA.1 3] 1o SINIA.T_13] 210 NetNIA. 113 510

NetNIA2™ 14 4o StNIAZ™ 14] 70 NGtNIA.2 141 o

Net A.-., 15 A8 e A...’ 1:. A8 NetN A.~Y 15 A8

NetNIA.4 16 A7 etNIA.4 16 A7 NetNIA. 4 16 A7

NetNIA5 17 he NetNIAS™ 17] b NetNIA.B  17] nl

NotNIAG 6 7 etNIA6. 6 i oiNIAG 6 7

stNIAT 54 DO stNA7 5]k PO oftNIA7 5|42 DO

NetNIA.8’ 4 A3 etNIA.8’ 4 A3 etNIA.8’ 4 A3

NetNIA.O™ 3155 etNIA.S™ 31,3 etNIA.O™ 31>

NetNIA 10" 2| 4 SINIA.10™ 2] 4 NetNIA 10 2| 2

NStNIA 117 1] oo NetNIA. 11" 1] n0 NetNIA. 11" 1] po
1o DIN 12147 '3ef DIN 2147 'ge] DIN i2147
ol we h3 o wE' h2 (o we h1
Ycs Slcs’ cs’
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RevAtoRevB (90c¢t79)

1. Added timing info to all pages. Divided page 14 into 14 and 15, renumbering original 15-25.

Page 2:
Page 4:

Page 5:
Page 6:

Page 7:
Page 8:

Page 9:

Page 10:

Page 11:
Page 12:

Page 13:
Page 14:

Page 15:

Page 16:

Page 25:

a. 1K pullup pack changed to 22-330 resistor pullup/pulldown. Ground to P8.

b. S09 changed to S03. Bits into Q ends inverted now. CIN-SE-wrSU’ and pc16’ necessary for CIN-SE.

a. stackP read (instead of NstackP) onto X-bus (alllows stackP in arithmetic operations).

b. RH[0-3] moved tod17. .

a. IBProm changed: SellBO’ and SellB1’ are now used to immediately select either IB[O] or IB[1].
1B<’ input removed and replaced with EKErrc2 {to cancel GoodiBDispc2, instead of at the pNIA $S64’s.
Interchanged 1BPtr.0 and IBPtr.1, deleted IBPtr.1°.

. Changed pin4 of f19fromY.4t0Y.3

. Interchanged 2.3 and 2.2 on 25S510’s

. Changed Errint Status to ErrlBPtr, i.e. subsituted IBPtr.O for Mesalnt’ and 1BPtr.1 for CSParErr’.

. Changed mem from pin 14 to pin 113.

. Moved CIN-SE-wrSU from ¢9 to b9, creating. CIN-SE-wrSU’. paF.0 took CIN’s place. aD.0 was moved to aD.1,
and aD.1 to aF.0

. Changed MAR« to MAR«’, discontected MARe« from backplane. )

a. On b11(fZNorm), changed AlwaysNI’ to IBPtr«0';S.2 to 15.2’; and moved all outputs up one position.

. Added S04 inverter for aD.0’, moved RH« to page 16. '

. Changed S20’s to SO8 + S10’s, opening up an S10 for use.

. Replaced Cycle1 test with CSParErr and NibCarry test with Mesaint.

. at pNIA[0-3] changed pin 6 from GND to HIGH (to distinquish no Interrupt, empty buffer from error trap at 0)

. Rearranged pNIA[8-11] §64 inputs: EKErrc2 should have zeroed the dispatch/branch bits also.

Moved Link.3’ connection to pullup pack since it is now 220-330 Pullup-down.

. Changed NIA’s SB inputs from Swc3 to Swc2.

. Enlarged Schedule Prom, adding RefReq’ input. Pullup connections to requests from Options board.

. Changed ali inputs to SwitchProm (see programs).

MemCSErrProm renamed CSintProm since MemErr moved out to S08 and Mesaint moved in.

. StackVirtErrProm renamed StackVirtProm, ClrintErr’ input not needed.

. ErrorProm inputs changed: Nt = Emu to Ct =Emu.

KEProm renamed KernPC16Prom since Mesalnt moved out. KernReq' an input now.

. WritelB qualifier changed from S08 to S260 with ppCLK--reduced IB’s large hold time.

. WITPCLow inverted, RHe moved here.

. Detection of Low bank changed to $260 (freeing up and S02 and S08).

. L8251 inputs rearranged so read data is identical to write data format.

oo TL

(2]

POTCHOODHNOCNOTRNTOODTD

RevBtoRevC (17 Dec 79)

Page 2:
Page 3:

Page 5:
Page 8:

Page 9:

Page 10:

Page 11:
Page 12:
Page 14:

Page 15:
Page 16:

Page 24:

. Changed S1 of R Shift Ends from Cycle’ to Shift’ (to accomodate new fY = Cycle). Switched inputs to mux.
Added S86 PageCross.
Added LS257 AltUAddr allowing low SU address to come from Y bus.

EKErrc2 input to IBProm changed back to IB«’. PgCarryDly replaced by AlowMDR«. IBFront inverted.
rB's $74’s replaced by $374.

a8, aFh’s S374 + 832 replaced by 25509

Added MarPgCross’ & AllowMDR« (to pin 11 backplane)

Added Cycle to fY; AUAddrto tY; PushNT to {2
. Inverted S.2 and S.3 values used to select 10In.

popogmpmop

changed MapRef’'s S00 to $86.
Changed 4:1 mux for DispBr[0-1}' to 2:1 §258.

.

b. XC2npcDisp « 10DispA[2-3]; YIODisp « 10DIspB[2-3]; I0Disp « XpcDisp; [] « XwdDisp; PgCrossBr « PgCarryBr;

NibCarryBr « DirtyBr;
. Interchanged TC’s and IB’s contection to pNIA[8-11], so that IB is blocked by EKTrapc2 (renamed from EKErrc2).
. EKTrapc2 doesn’t zero pNIA.11 (reduces loading on EKTrapc2 beiow max)
pTC.2 changed from $00 to S10 adding MarPgCross’
SpareReq’ added to ScheduieProm & Pullups. Task reqgister enabled by Cycle2’ now.
Nt = Emu from Pt = Emu established.
Waitc2’ changed to Wait in SwitchProm.
MemErr not gated by Pt =Emu any longer. Connected to ErrorProm instead.
CSParErr connected to BP pin 37.
. WriteTC = pAlwaysCik AND Cycle1 AND TCWait’. TCWait’ added beyond Walite3.
. |IOPWait gated with cycle1 now (so Stop correctly works).
SwTAddr, SwWTAddr’, & IOPWait temporarily synched by Clock until IOP card does It.

DTOETNOTOOTD

Rev C to Rev D (1 Feb 80)- Rev D submlitted for 1st etch.

Page 1:
Page 2:
Page 5:
Page 7:
Page 8:
Page 9:

Page 10:

Page 11:
Page 12:
Page 13:
Page 14:
Page 15:

Page 16:

Page 23

Page 24:
Page 25:
Page 26:

Page 27

Page 28:

Added PDT-Ybus for testability; Moved the 2901’s to free up 3 board positions.
Q.0 & Q.15 pullups now 1K; Cin's pullup Is 100 ohms; SO3 replaced with S38 (used on HSI10 board)
IBFront changed to LS374; added PDT for testability; h17 now LS374.
Byte inverted => D & B inputs interchanged on $257.
rA & rB swapped (for layout); S08 to LS08; HIGH-a to PU
tYNorm, {ZNorm updated; {X moved to c13.
PushY’ added to Push; Refresh is now RefreshY or RefreshZ; $32 to L§32; XBus«IB’ now 520 (so MAR«IB works)
Byte S08 changed to SO0; fZHigh eliminated
5258 changed to LS158; PgCrOvDisp, YOddBr added; PageCross changed back to PageCarry.
EKTrap zeros pNIA.11 (again).
Am29700 changed to Am29701 and LS32 gates output.
Tasks reg changed to LS374; PDT added for testability.

PDt added for testability; h17 & g15 now LS374; Pop X’ replaces Pop & Popz’' added to StackProm.
WriBFront and C2Clk quallfiers added; WrTPCLow no longer inverted.
: Now Switchweld & PC version of page 23: Sw version uses 93548 12-input parity chips & PC version uses $280’s.

IOPBus renamed |IOPData

LS244 added for testability

: Discrete page for PC & Sw versions--PC versions includes fuse & supply caps.
Unused parts

. With new {Y cycle, changed sh’s SO0 to S10; changed Pop's SO0 to $86; With PushNT, changed Push’s S00 to $10.

Now Switchweld & PC version of page 15: Sw version does not have CSPar.4 & CSPar.5 to CSIntProm--now a F83453

IOPWait, SwTAddr, SwWTAddr' no longer temporarily clocked; IOPBus renamed IOPData; LS241 replaced with LS244.
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Rev D to E (13 Feb 80) -- version actually used for 1st PC etch

5 SelectIBO swapped with SelectIB1’ (name change only)
9 «l0InSp1’ changed to «KTest’ (name change only)
10 changed S86 to SO0 which generates Pop since both PopX’ and PopZ’ can be active now..

17-22 Forthe PC version only, the NIA. #a’, NIA. #b’, NIA. #¢’,NIA. #d’, NIA. #e’, and NIA. #{' nets were replaced by NetNIA. #’
This change was made for PC only.

p27 NIA.# ' was swapped with NetNIA. #’ on the resistors so the error messages would go away...
28 $86 now spare instead of SO0.
Rev E to F (15 March 80) -- updates made to 1st PC etch.
2 S04 at c14d used to form FNZero
5 §260 at d16b now used to generate IBEmptyErr. IBProm now rev E.
8 LS08 gate producing BrMAR« from MAR« & IgnorePgCr added.
9 MapRefZ’ deleted and MapRefY’ added. changed name of DOAData«’ & DOBData«<’ to DCtIFifo«’ & DBordere’
IgnorePgCr’ replaces MapRefZ’
10 MapRefZ’ replaced with MapRelfY’
11 10Disp replaced with XwdDisp. YOddBrreplaced with NZeroBr.
12 IBPtr.1 replaced with IBPtr.0 (due to renumbering ibPtr states).
13 Per Testability Review, added PDT-tpc. Link pRet enable kiudge made worse by ading LS32 producing pRet’.
15 IBEmptyErr replaces Pt = Emuin ErrorProm. MemErrC3 now gated with aL.S08. ErrorProm now Rev D.
Moved 374 clocks and enables to page28.
16 WritelB now comes from S02 at a19d and LS32 at e14b (an ADDITIONAL PART).
17-22 Per Testability Review, PDT-CS-a and PDT-CS-b were added to the control store chips.
26 Per Testability Review, PDT-tpc, PDT-CS-a and PDT-CS-b added to LS244.
28 Moved Junk 374 clocks & enabled here, including the one for 9 (WHICH WAS FORGOTTEN In Rev E).

Only one LS08, one S04 spare now. two LS32’s gates spare.

Rev F to G (15 April 80) -- updates made to 1st etch.
LS08 at b13 changed to S08; L5374 at g15 changed to $374

8 pAllowDMR« added: No mem write on IBEmtpyErr OR MarPgCross; IgnorePgCr eliminated
9 ignorePgCr’ eliminated.

12 pNIA.3’ fed by IBPtr.1 instead of IBPtr.O (above fix wrong)

15 StackVirtProm & ErrorProm now Rev E.

p27,827 NetNIA’, AlwaysClk, & GND connected to 14 pin plat ati5 for Logic Analyzer

28 S04 at ¢14f no longer unused.

49y Printer registers

51y $08, S374 parts change

Rev G to H (14 May 80) -- updates made to 1st etch

163 test points were added
13 PDT-tpc connected to g9.2 (CS’). NIA moved to page 27.

Rev H to | (July 80) -- changes made by Richard Johnson (ED) to 1st etch layout (hand changes) plus other name/part changes
--There were 8 Rev | boards manufactured. They require fixes to the incorrect changes below described.

Am29701’s replaced by Am27S07's

4 halt of $S241 at ¢18 and half $241 at d18 changed (inadvertently) into an $244. e17e-h swapped with a-d.
5 g17(v16)b-e reverse ordered. g16(v44)f-i reverse ordered. 116(v43)f-i reverse ordered, L5374 changed to 5374.
6 half of $241 at ¢18 and half of $S241 at d18 changed (inadvertently) into an $24 1-like chip with 2 EN inputs.
7 118¢ got swapped Inputs of 118d, {18d got swapped inputs of {18e, {18e got swapped inputs of f18c.
Swapping inputs to the $257 multiplexer was (moderately) incorrect!!
9 XOData,XCtl,XIData,XStatus,l00utSp1,100utSp2,100utSp3,PStatus,lOInSp2 renamed
13 Swapped inputs of i4,
14 SpareReq’ renamed EORound
24 e8e-h reverse ordered. i13e Iinterchanged with i13g.
27 i5.14 replaced with AlwaysClk-¢
Rev | to J (24 Aug 80) -- changes made foretch 1.5 (Never built)
4,6 u146 & u118(c18,d18) reconnected as in Rev. H
7 u142 (f18) reconnected as in Rev. H
10 u70b connected in order to Invert Refresh (This change was not made on the MCtl card as directed)
27 R21 connected to u138.1 instead of SpareReq’ (renamed to EORound)
Rev J to K (30 Oct 80) -- etch 2 definition
5 IBProm (HM7649) split into two F93453’s.
14 XReq' renamed EReq’
24 LS244 @u1 (CSDataln) changed to LS240 (to prevent ringing). -- requires change in IOP Kernel

Rev K to L (3 Dec 80) -- changes made to 2nd etch
3,5,9,13,15,23 Added test points according to D. Adams, ES

Rev L to M (2 April 81) -- etch 3 definition
10 u70b removed so that Refresh is no longer inverted (reallty wins over politics)
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YH.,Y Bus MAR ¢« timing:

For high-half ALU, operationis O or B.

6 7 0 7 8 11 12 15
17[3] Clk->rB 80 nS 59 disable X 59 disable X (See X bus timing)
35 rB->YH 87 DY 42 DY (See Y bus arithmetictiming)
5 _ YHbus (See Ybus logic timing) 126 ns 101 nS
57[3] = 60 nS
Y bus Arith timing: Ripple carry is used in low half of ALU, and lookahead in high half.
5182
Cinj< CIN-SE
Cz G P Cy G P G P
2901 2901 2901 2901
GP G P GP
| Cout Cin Cinfs Cin Cout Cinf&
Y Y Y Y
Y[0-3] Y[4-7] Y[8-11] Y[12-15]
Carry PageCarry
NibbleCarry
aF.2
xor
PageCross
X bus arithmetic: Ybus « XBus + A
X Xbus time X Xbus time X Xbus time
30  D->G,P[4-11] a2 D -> Cout[12-15] 32 D->Y[12-15]
7[2] G,P->Cin.7,Cin.3 25 Cin->Y[8-11] 10 Y bus
25 ° Cin->Y[0-7] 10 Y bus @2 + x)nS
10 Ybus (67 + x) nS
72[2] =(74 + x)nS
Register Arithmetic:  Ybus« A + B
max(1089, 95) max(105, 99) max(83, 80)
17[3] t->B 17[3] t->B 17[3] t->rB
45 1B->G,P 50 B -> Cout[12-15] 50 1B -> Y[12-15]
7[2] G,P->Cin.7,Cin.3 25 Cin -> Y[8-11] 10 Ybus
%(5) $.g‘;:v[o-7] 10 Y bus 77[3] =80 ns
o 102[3] =105 nS
104[5]) =109 nS
48 +-CIN-SE  (see p. 2) 48 t->CIN-SE (seep.2) 48 t->CIN-SE (seep.2)
: . 16 Cin[12-15) -> Cout 25  Cin->Y[12-15]
11[1} 8182 Cin ->Cin.7,Cin.8
: 25 Cin->Y[8-11] 10 Y bus
25 ~ Cin->Y[0-7] o Y bus =
i0 Y bus —— 83 nS
94[1] =95 nS 89 nS
XEROX Project . o File Designer Rev | Date Page
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Y hus Loic Timing:

Xbus Logic
Ybus « Xbus .or. 0

Register Logic:
Ybus « A .or. B

A pass around (aD=2):
Ybus « A

Xbus « A LRotn {A bypass}

Xbus « (A or B) LRotn

Xbus « (A + B) LRotn

Xbus « SU

Xbus « RH[B]

Xbus « IB

Xbus « MD

Xbus « 4-bit constant
Xbus « §-bit constant
Xbus « ErrIBSKP
Xbus[0-7] « 0

Xbus « I0In

E | Register Write S .
SU Write Setup ( SU « Ybus ):

RH Write Setup (RH « Xbus ):

IB Write Setup (IB « Xbus ):

44[1] =45 nS

36 nS (seep.4)

37

100ut Write Setup (I0Out « Xbus ):

X X bus
32 D->Y
10 Ybus
(42 + x) nS
17[3] 1->rA, 1B
50 IB->Y
10 Ybus
77[3] =80 nS
17[3] 1A
40 rA->Y (via A bypass)
10 VYbus
67[3] =69 nS
69 t->Y (see above)
12 25818 prop
10 Xbus
91 nS
80 +22 =102 nS
109 +22 = 131 nS 1056 + 22 =
75 nS (seep.3)
74 nS (seep.4)
59 nS (seep.5)
97 nS max
50 nS (seep.7)
56 nS (seep.7)
59 nS (seep.4)
55 nS (seep.7)
34 tO«l0n 34
3 backplane 3
15 S240EN’to X 18
00 Xbus A0,
62 nS 65 nS
5[1
39 WEpulse width

nS (seep.5)

(Xbus to Ybus time

Disable

Disable

= 22 n8S)

= 56 nS

= 56 nS

105 nS

= 17[3] + 3(BP) + 5 + 15 +10{Xubs) = 53 nS

127 nS 83 +22 =
Disable = 58 nS
Disable = 59 nS
Disable = 49 nS
Disable
Disable = 50nS
Disable = 49 nS
Disable = 59 nS
Disable = 55 nS
t->«10in’
backplane
S374EN’to X
Xbus

equals setup time of recelving reg.
data setup for LS374/L5273 = 20[2] = 22nS

] F93422 data setup (from beginning of write pulse)

Disable = 59 nS
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. e : . 7[1] $151/5258 in -> DispBr
Dispatch/Branch Condition Bits Setup: 5

DispBr > pTC
6[1] pTC -> pNIA
5[1] 25809/S374 setup

D-input Setup Times: 23[3] =26 nS
Logic 40 nS
B « Xbusor 0
B « Xbus or A
Logic & Branch 32 D->F.0,F=0
B « Xbus .xor. A. ZeroBr 26 DispBrsetup
58 nS
Logic & YDisp ?g 3: Y
B « Xbus .xor. A, YDisp 26 DisL;:sBr setup
68 nS
Logic & Single-Bit Shifting 35 D->R.3 Logic & DOUbI‘E'Blt Shift/Rotate
B « Xbus .or. A, LShiftl -1 RAM3setup B « DRShiftl B 35 D-R.15
50 nS 20 S38intoQ.0
Logic & Single-Bit Rotates a5 b->R.15 ——;Z n:AMs setup
B « Xbus .or. A, LRotl El S MO ety
59[1] =60 nS
Xbus[0-7] Xbus[8-11] Xbus[12-15]
Register Arithmetic 3(7)[2] g;cggi s Cin7 gg g‘-> 1C1°"tt[12'15] 40ns (Logic setup)
,P->Cin.3, Cin. in.11 setup
B « Xbus + A 35 Cin setup 67 nS
72[4] =74 nS
Register Arithmetic & ZeroBr 3;)[2] gg(i, 2: 5 Cin? gg g.-> )Cgutc[)12-15] 58nS (Logic&Branch)
B < Xbus + A, ZeoBr 30 CinsFa0 26 DispBro
) A D F= pBr setup
B « Xbus + A, %JieroBr- - ~ 5 DispBr setup o
93[2] =95 nS max(85, 86, 58) Add 5 nS for NZeroBr
Register Arithmetic & NegBr 22 Cin>F.0
‘B « Xbus + A, NegBr * 958 = 8708
Register Arithmetic & OvBr 25 Cin->0vr
B « Xbus + A, OvBr = 955 = 90nS max(58 + x, 90) nS
: 32 D -> Cout
Register Arith & Carry branches 33[2] g-g g,gi 3(7)[2] g -;(i,g . .z_z ] D(i::abl: setqu)
: ,P - n ,P->PgCarry n arryBr,
B . %ggg i f&‘ ‘P;%Srsrﬁ?r 16 Cin -> Cout.0 11[1]  PgCarry -> PgCross 48 1.5CIN.SE
B « Xbus + A: arryBr 26 DispBr setup 28 DispBr setup 16 Cin -> Cout
79[2] =81 nS (CarryBr) 74[3] =77 nS (PgCrossBr) 26 DispBrsetup
(MarPgCrossBr = 75 nS) 90 nS
Arithmetic & YDisp ) Timing for X[0-7] does not affect YDisp 68nS (Logic&YDisp)
B « Xbus + A, YDisp
Arithmetic & Single-Bit Shifting Mol GrSCnscing 35 Ghsnan#s] 50 nS (Logic&Shfting)
B « Xbus + A, RShiftl 35 Cin->R.3 15 RAM3setup
15 RAM3 setup 80 nS
87[2] =89 nS
Arithmetic & Singl-Bit Rotating
B « Xbus + A. RRotl 89 +10 = 99 nS 80 + 10 = 90 nS 60 nS (Logic&Rotating)
. . . . 30 D->G,P
Arithmetic & Double-Bit Shift/Rotate e g,P 2 gm o
. in- out.
B « DARShiftl B 9[1]  S253toR.0
i5 RAMO setup
77[3] =80 nS
XEROX Project File Designer Rev | Date Page
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R Register Cycle Ti

Register Logic 17[3] t->rA
B« A .and. B 60, rAsetup
77[3] =80 nS
Register Logic & Branch ; g[s] 1/;) rAF . 17[3] t->rA
rA->F= &0 rA ->F.0
% Q §8§ % 7%?%?* 26 DispBr setup 26 DispBr setup
98[3] =101 nS 93[3] =96 nS (NegBr)
Register Logic & YDisp 80 Ybus « A .xor. B
B « A xor. B, YDisp, 28 DispBrsetup
106 nS
A Bypass & YDisp 69 Ybus « A
D A, YDisp 26 DispBr setup
95 nS
Register Logic & Shifting ;;[3] T: ;Aﬁ 3 ;g[:.’.] TA'> ;‘:a 3 33[1] Ts'2>scz}{0 R.15
: rA - . ) rA - . toR.
B « A .or. B, L3hiftl 15 RAMS3 setup 20 $38t0Q.0 15 = RAM3 setup
87[3] = 90 nS -10. QOsetup 54[1] = 55n8
102[3] = 105 nS (DLShiftl)
Register Logic & Rotating 78] 1orA (DRShiftl) ‘
rA - .
B « A .or. B, LRotl 9[1] S253intoR.0
15 RAMO setup
96[4] = 100 nS
bits[0-7] bits[8-11] bits[12-15]
max(109, 98) max(105, 89)
Register Arithmetic 17[3] 1A 17(3] 1A
B«A-+B 45 A ->G,P 50 rA -> Cout[12-15] 80nS (Reg Logic)
712] G,P->Cin.3, Cin.7 35 Cin.11 setup
35 Cinsetup 102[3] = 105 nS
104[5] = 109 nS
48 1-> CIN-SE 48 1> CIN-SE
11[2]  CIN-SE->Cin.3(5182) 16 CIN-SE -> Cout[12-18]
35 Cin setup 35 Cin.11 setup
94[2] =98 nS 99 nS
Register Arithmetic & Branch 12[3] T:;AG o ;(7)[3] 1: ;% [12-15] 101 08 (Logic&Branch)
rA -> G, rA -> Cout[12- n ogicaBranc
B Q i B, ZeroBrB 7121  G,P->Cin.3,Cin.7 30 Cin->F=0
% AT E’ II:JIee LT 30 Cin->F=0 26 DispBrsetup
B « A+ E: % 26_.  DispBrsetup 103[3] = 106 nS (ZeroBr)  Add 5 nS for NZeroBr
«A+ B, arryBr 127[5] = 182 n$ (ZeroBr)
E « A+ B CiossB
« A+ B/Nib arry 22 Cin->F.0 22 Cin -> PgCarry 48 1->CIN-SE
Tz =>124 nS (NegBr) 11[1] PgCarry ->PgCross 16 CIN-SE -> NibCarry
33[1] nS 26 DispBr setup
—%5—:) 127 C;rg-)(%\‘llgr) => 110 ns (PgCrossBr) 90 nS (NibCarryBr)
16 Cin <> Carry
“==> 118 nS (CarryBr)
Arithmetic & YDisp Timing for X[0-11] does not affect YDisp 104 n$ (Logic&YDisp)

B « A + B, YDisp

Arithmetic & Shifting 17[3] 1> ;A . 1 c7’[3] 1;) ;AE i21
B « A + B, RShiftl 3?[2] g}ﬁ & Cin.3,Cin.7 % Cinw l:.%t[ 18l 80 nS (Logic&Shifting)
5 Cin->R.3 15 RAMS3 setup
15 RAMS3 setup 97(3) =100 nS
) ) ) 107[5] = 112 nS
Arithmetic & Rotating . A
B« A + B.RRotl 112 +10 = 122 n§ 100 + 10 = 110 n§ 100 nS (Logic&Rotating)
XEROX Project File Designer Rev | Date Page
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X Source

D * * * * * (A .or.B) (A + B)
etup] SU | MD | RH Nibble| Byte | 1B ErrIBStkP| I0In A LRotn| LRotn |LRotn
X« 75 97 74 50 56 59 59 6’.;3 a1 102
max (59, X¢) 75 97 74 59 59 59 59 63 91 102 igi
BeXorA 401115 137 114 9 99 99 99 103 131 —_ —_—

(«XorA ZeroBr | 58|133 |[I55 132 |117 |117 {117 | 117 121 149 —_ —_
fe«XorA NZeroBr | 63]138 |160 |137 |122 [122 122 | 122 126 154 — —_
[J«X or A, NegBr 58133 155 132 (117 |117 |117 | 117 121 149 —_ _
[«X .or.A, YDisp esf143 | 165 | 142 | 127 |127 |127 127 131 159 o e
BeX .or. A. LShiftl 501125 | 147 }124 [109 [109 {109 | 109 113 —_ — —_
B«X .or. A, LRotl 601135 |[I57 134 119 {119 {119 | 119 123 —_ —_ -_

MAR«X.or. A 78153 | — | 152 |137 (137 |137 137 141 _— —_ —

MDR X .or. A as)120 |— 119 |104 |104 |204 | 104 108 | — —_— | -

SUeX .or. A 87— |184 | 161 | 146 | 146 | 146 146 150 —_— —_— —

10YOut«X .or. A 641139 | 161 (138 |123 |[123 |123 123 127 — _— —
T3 130 17T 1133 1133 1133 1133 133 137 10

BeX + A 66141 | 163 140 125 [125 |125 125 129 157 —_— —_

401115 [137 1134 | 99 | 99 | 99 99 103 131
<X + A, ZeroBr 95170 | 192 | 169 | 154 | 154 | 154 | 154 158 | 186 — -_

X X + A, NegBr 8701162 | 184 |161 |146 | 146 | 146 | 146 150 |178 e —_—
1) fl«X + A,OvBr g0 ) 165 | 187 |164 | 149 | 149 | 149 | 149 153 | 181 e -_
P} 0<X+ ANibCarry | 58133 |55 §132 |117 |117 117 | 117 121 149 — —_—
¢ O¢X + APgCarryBr | 651140 | 162 |139 |124 [124 124 | 124 128 —_ — -_
r | 0<X + APgCrossBr | 77)152 | 174 | 151 1136 {136 [136 | 136 140 168 —_— -_
? J¢X + A CarryBr 81}156 |172 | 155 |140 |140 140 | 140 144 | 171 — —
i J«X + A,YDisp 68143 | 165 142 127 {127 {127 | 127 131 159 — —_
Y sofio4 186 [163 |148 | 148 |I48 | 148 152

n | BeX + A, RShiftl 80155 (177 |154 139 139 |139 | 139 143 —_ —_— -_

50)%24 1747 1124 1109 1109 1109 | 109 113
oo 174 [ 196 (173 (156 (138 [I58 | I3 162
B¢«X + A,RRotl 90| 165 | 187 | 164 | 149 | 149 | 149 | 149 153 _ —_—
60135 [757 1134 1119 119 J119 | 119 123

MAR«X + A 78153 |- |152 |137 |137 |137 | 137 141 — —_ _
78
771152 151 1136 1136 [136 | 136 135

MDR«X + A 700145 |— | 144 {129 |129 129 | 129 133 —_ e —_
451120 119 1104 1104 1104 | 104 108
119] 216 1193 1178 178 1178 | 178 182

SU«X + A 1120— 209 (186 171 |171 |171 | 171 174 —_ —_ —
87 184 1161 | 146 1146 | 146 | 146 150

I0YOuteX + A 8053 [ I77 {154 1139 139 139 | 139 145

731 |170 |147 {132 |132 |132 | 132|136 | — — | —
48123 | 145 122 [107 [107 |107 | 107|111

103
[ « X, XDisp 321107 {129 |106 | 91 | 91 91 91 94 123 134 {379
‘ 167
RH« X 36]111 133 J110 | 95 | 95 | 95 95 99 127 138 ﬁg
168
IB«X 371112 134 |111 9% | 9% | 96 96 100 128 139 ;%
153
I0XOuteX (1LS374) § 224 97 {117 | 9% | 79 | 79 | 19 79 83 111 122 {579
* Timing for bits[0-7] of these sources is that of Nibble
The 3 numbers for arithmetic operations correspond to bits[0-7], bits[8-11]. & bits[12-15], respectively.
stackP « has timing of the slow 10YOut.
XEROX Project File Designer Rev | Date Page
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Y Source

setup] A.or. B A(bypass) {A + B
109
Y « 80 69 105
83
36 | 116 105 114
MAR « ¥ P 80 116
se | 116 105 119
112
Y| MDR- 3 83 7 1
86
Ol su- a5 | 125 114 I

p o
0 128
r stackP« 6 86 75 115
112
';1 89
i [« .YDisp 32 | 12 101 121

[

n 124
Uaddr[4-7]« ] 9% 84 120
98
I0YOut« 6 86 75 ﬁg
(5374) i

* Bits[0-7] have timing of Y « (B .or. 0), except in the A bypass case.
The 3 numbers for arithmetic operations correspond to bits{0-7], bits[8-11]. & bits[12-15], respectively.
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X bus Loading & Estimated Capacitance

(for X[12-15] since these bits have the greatest loading & length)
Capacitances are based on experimental measurements (see p. 55)

Source Sink Part o Is_i&fd Capa(.ceignce
D-input IDM2901A-1 4718 4
RH Am27S07 27125 4
IB | S373 17.125 4
XDisp S151 1/1 4
XLDisp $151 171 4
"HSIO" S241 172 8
"Option" S241 172 8
I0POData LS374 472 4
IOPCtl L8273 472 4
St 93422 10474 17.025 5
LRotn Am25510 130/10 17.025 9
ErrIBStkp S240 60/32 17.025 11
RH $241 60/32 1/.025 11
IB §257 130/10 17.025 5
Nibble §241 60/32 17.025 11
MD : - $240 60/32 1/.025 11
I0PIData S374 130/10 17.025 5
I0PStatus $240 60/32 1/7.025 11
XIData $374 130/10 17.025 5
XStatus §240 60/32 1/.025 11
KIData $374 130/10 1/.025 5
KStatus $240 60/32 17.025 11
KTest S240 60/32 1/.025 11
MStatus $240 60/32 1/7.025 1
Min Source Drive §240/93422 60/4
Total Sink Load 22/37
Total Component Capacitance 177 pF
Etch @ 50" (CP =20, HSIO =10, MCt1=8, Opt=35, IOP=4, BP=3) 150 pF
Total X bus Capacitance 327 pF
Table Entries: High U.1../ Low U.L.
ILowUL = 20ma
XEROX Project File Designer Rev | Date I Page
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Y[0-7] Bus loading

Source Sink Part %ﬁ%ge I%icl)]akd
Y-output IDM2901A-1 32710
LRotn Am25S10 1.5/1.5
SU 93442 8715
Y4 MAR §5253 3(1/1)
MDR $373 17125
MCil S138 1/1
DCtlFifo S373 1/7.125
DBorder LS374 4/2
Total Sink Load 8.7/6.1
Y[8-15] Bus loading
Source Sink Part Shves E%la{(d
Y-output IDM2901A-1 32/10
LRotn Am25S10 15715
SU 93442 8715
stackP 25509 1/1
AltUAddr S257 /1
Y.12 MAR S253 21/1)
MDR S373 1/.125
MCtl 1S374 472
DCtlFifo S373 1/.125
DBorder 1LS374 472
YDisp S151 1/1
Total Sink Load 10.5/7.4

Table Entries: High UL./ Low U.L.
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PC version: # 1

typ total
IDM2901A-1 4 160 640
Am27S07 7 75 525
AM25509 7 75 525
AM25510 4 60 240
i2147L 48 100 4800
F93422 4 o5 380
F93427 2 85 170
F93453 4 120 480
HM7649 1 120 120
SN74S500 4 15 60
SN74502 1 22 22
SN74504 2 23 46
SN74508 1 25 25
SN74S10 2 12 24
SN74520 1 6 6
SN74S38 1 32 32
SN74851 1 11 11
SN74564 4 8 32
SN74S86 1 50 50
SN745138 8 49 392
SN748151 3 45 135
SN74S175 1 60 60
SN74S182 1 69 69
SN745240 1 90 90
SN745241 3 108 324
SN745253 1 55 55
SN748257 4 52 208
SN745260 1 22 22
SN745280 6 67 402
SN745373 2 105 210
SN74S374 7 90 ' 630
SN74L832 3 4 12
SN74LS158 3 5 15
SN74LS244 4 20 80
SN74LS251 8 7 56
SN741.5283 1 20 20
SN74LS374 1 27 27
156 11.0 Amps (70 mA/chip)

Stichweld only:

Am93S48 4 57 228

154 10.8 Amps (70 mA/chip)
' XEROX Project File Designer Rev | Date Page l
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__| 1 10 20 30 40 50 51 60 70 80 90 100
101 150 151 200
Am29701 can be used instead of Am27S07
a b c d e f g h i
19 S02 8257 25510 25510 25810 25810 LS374 F93453 LS244
pWait,pAlws 19
Pt. WriB 0, Byte LRotn.O LRoth LRotn.2 LRotn.3 Tasks SchedProm | CS-10P Recv
18 S138 S$138 S241 §241 S241 8257 HM7649 F93453 F93427
100ut 10In O,RH[C-3] O,RH[4-7] Nibble, Pt ibLow, ibHigh IBProm ErrorProm SwProm 18
17 $138 S138 F93453 AM27S07 $240 8257 5373 LS374 LS244
100ut 10In StackVirtErr RH[O-3] ErriBStkp 0, ibHigh 1B[1] WaitClks Tester 17
16 $257 L5283 25809 $260 AM27S07 S374 $373 8374 F93427 16
i ProcLow, _
AltUAddr NstackP stackP IBEmptvErr RH[4-7] IBFront 1B[O] AlwaysClks Kpc16Prom
15 S00 25509 F93422 F93422 F93422 F@3422 S374 @ F93453
Byte’;Nib’ | sypddrHigh SU[0-3] SU[4-7] surs-11] SU[12-15] | AlwaysClks | giiorom 15
pPMAR’, X ~(
14 $138 25509 S04 S00 LS32 @ SO0 @ §253 $38 LS374 14
Mar~,RH«~,c3,| WrSU,WrLink, Link, WriB WrTC,C2Clk Q Ends, .
fYNorm(Req) | SUAddrLow F#O,aD.O:IbE WrIB!'WrRH o ' ’ Pop, ’ ’ R Ends CIN-SE IOPTPCHigh
S04 .
13| e A vshomomed  “het | ok, || et | T | Lookanena | moistors | toprmcion |1
pAllow, TCWt C1,c3 Waitc1’
F*1q12 a |l 1Mhy2 b e M2 e T p12 9 “1n
12 | IDM2901A-1 || 'om290144s | | ipm2901A1 | | 1om2901411 | 12
[0-3] [4-7] [8-11] [12-15]
6 holes must be drilled
b1 _here & nets blue{wildd —_— = T L o e -
11 520 $138 S$10 $10 $151 S$151 S64 $64 S64 1
i XBus~1B pTC.3,Wait, . .
LRotn ’ fZNorm bush,sh,Xbyte oTC.2 DispBr.3A DispBr.2 pNIA.8 pNIA.9 pNIA. 10
586 25809 $374 S00 S151 LS158 LS1568 L5158 S64
1.0 PgCr,Ref’ aSh.aFh ‘A, aS pTC.0,1, DispBr.3B DispBr.01 pNIA[4-7] pNIA[O-3] pNIA.11 10
Map,Ref ’ 1 PgCross,Cinpc
9 8374 S$175 S374 S374 AM27S07 S374 AM27S07 $374 25509
X, fz Cin’,fY.0,fS Misc,fY,fS rB,aD,aF! Link TC, CSPar TC NIAX[8-11] NIA[8-11] 9
a b c e f g h
8 LS251 83548 93548 LS244 93848 93548 18 ohm 8
" IOPBuUs.O pCSPar.0 pCSPar.1 CSin pCSPar.2 pCSPar.3 resistors
7 i2147L LS251 LS251 LS251 LS251 LS251 LS251 L5251 25509
pfZ.0 IOPBus. 1 10PBus.2 10PBus.3 10PBus.4 IOPBus.5 I0PBus.6 I0PBus.7 NIA[O-3] 7
6 12147L i2147L i2147L 121471 121471 12147L i2147L i2147L 25809
pfX.0 pfZ.1 pfZ.2 pfZ.3 INIA.8 INIA.9 INIA.10 INIA.11 NIA[4-7] 6
LS32 i2147L i2147L i2147L i2147L i2147L i2147L i2147L PLAT 5
5 EnDispBr pfX.1 pfxX.2 pfxX.3 INIA.4 INIA.S INIA.6 INIA.7 logic
analyzer
4 i2147L i2147L i2147L 12147L i2147L 12147L i2147L i2147L S374 4
pfY.o pfY. 1 pfy.2 pfY.3 INIA.O INIA.1 INIA.2 INIA.3 NIAX[O-7]
3 i2147L i2147L 12147L 12147L 121470 12147L i2147L 12147L AM27S07 3
PEP pCIN-SE-WrS{ PEnSU pmem pfS.0 pfS.1 pfs.2 pfS.3 TPC[8-11]
2 i2147L i2147L i2147L i2147L i2147L 12147L i2147L i2147L AM27S07
paS.o0 paS.1 paS.2 paF.0 paF.1 paF.2 paD.O paD.1 TPC[O-3] 2
1 i2147L 12147L i2147L i2147L i2147L i2147L i2147L 12147L AM27S07
prA.0 prA.1 prA.2 prA.3 prB.0 prB.1 prB.2 prB.3 TPC[4-7] 1
a b ¢ d e f g h i
- Qrient, 170 Connector Area  (Top) 170 Connector Area  (Bottom)
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1. Filter caps: 1 per 3 chip positions; 2 per 2147L; 1 per 2901.
1. Don't use PC layout positions al, bl, a2, & b2.
I11. There are 5 spare positions: cl, d1, c2, b3, 111.

[V. Clock qualifiers: The qualifier chips boxed in the PC layout should be kept together &

near their current location (i.e. center of "board™). The S02 at pc loc all should not be moved.

V. Control storc layout

The CS is a 6 by 8 array with horizontal address lines & vertical data lines
The 8085 reads the CS from the bottom (via the LS§251"), parity is computed at the bottom,

and the MIR is located at the top.

Address Lines: Each horizontal row of § chips has its 12 address lines connected together-

suffixed by "a

through "f" in the diagrams. The 8 rows are interconnected at the
left side with a vertical bus, called NetNIA, which driven by the NIA register.

NetNIA is defined by the file NetNIA.sil.

R10-R21 are necessary to prevent undershooting & approximately equal the line impedance
divided by 6. Electrolytic bypass caps may be necessary (2nd etch).

XEROX

S

2j NIA.Ot" 9j
llf‘l
NIA 111
} netl
R10-R21 ”
NIA.O' NetNIA.O’
A . _NetNIA 1
NIA 2 . NetNIA.2"
NIA.3 - . _NetNIA.3 ' Y
N ﬁ‘g, A \E: ":'f, 12 d
AN TN
A 2
NTA 7"~ e NEtNIA.7
3 - 3
NIA8 ... . NetNIA.8
NIA.S™ — "\ . NetNIA.9°
NIA.10" ~ NetNIA.10’ } et
NIA T 7. NetNIA. 11 12
conneclor | "b'
side 12
2 ! nav
0 12
bottom %
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Calculated Delay:
1 t . o
=< J idt = E( Linit ~ ltnreshold + iy ooy )

For standard Schottky, Fig. E3, p. 6-103 of the TI Data Book shows linit=68 mA, Ithreshold =42 mA.
On page 49, the X bus capacitance is estimated at 327 pF. Therefore, '

Xbusdelay = t = CV/I = (327 pF)(1.3 V)/(.055 A) = 8 nS

Measured Capacitance & Delay:

Using the following circuit, the capacitance of the X bus has been measured at 337 pF (for 2 PC-Dandelions @25 C)

H -S0uH Adjust frequency so that voltage @B is maximum.
Sig Gen A ; B
m X[15] Voltage @A is .4 Vpp centered above 2V,
50 ohm : All bus driver outputs are disabled.
50 SO 1 T?

C= =
4(3.14)%°L 1.97x10°

Using a high-BW scope, the following delays were observed for X[15]:

7nS 8 nS On CP board (between driver and 2901 D input)
10 nS 11 nS On backplane
16 nS 21 nS On backplane w/ CP on card extender
XEROX Project ] File 7 Designer I Rev | Date - Page
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