Am2910A

Am2910A

Microprogram Controlier

DISTINCTIVE CHARACTERISTICS

e Twelve Bits Wide
Addresses up to 4096 words of microcode with one
chip. All internal etements are a full 12 bits wide.

& Internal Loop Counter
Pre-settable 12-bit down-counter for repeating instruc-
tions and counting loop iterations.

® Four Address Sources
Microprogram Address may be selected from micropro-
gram counter, branch address bus, 9-level push/pop
stack, or internal holding register.

e Sixteen Powerful Microinstructions
Executes 16 sequence control instructions, most of
which are conditional on external condition input, state
of internal loop counter, or both.

o Output Enable Controls for Three Branch Ad-
dress Sources
Built-in decoder function to enable external devices onto
branch address bus. Eliminates external decoder.

® Fast
The Am2910A supports 100ns cycle times and is 25 —
30% faster than the Am2810.

GENERAL DESCRIPTION

The Am2910A Microprogram controller is an address
sequencer intended for controlling the sequence of execu-
tion of microinstructions stored in microprogram memory.
Besides the capability of sequential access, it provides
conditiona! branching to any microinstruction within its
4096-microword range. A last-in, first-out stack provides
microsubroutine return linkage and looping capability; there
are nine levels of nesting of microsubroutines. Microinstruc-
tion loop count control is provided with a count capacity of
4096,

During each microinstruction, the microprogram controller
provides & 12-bit address from one of four sources: 1) the

microprogram address register (uPC), which usually con-
tains an address one greater than the previous address; 2)
an external (direct) input (D); 3) a register/counter (R)
retaining data loaded during a previous microinstruction; or
4) a nine-deep last-in, first-out stack (F).

The Am2810A is a speed improved plug-in replacement of
the Am2910 featuring AMD's ion-implanted micro-oxide
(IMOX) processing and offering 25 — 30% speed improve-
ment. The Am2910A also features a nine-word deep stack
versus the five-deep stack of the Am2910.
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ORDERING INFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

following:

Am2910A D C B Vailld Combinations
— Screening Option PC

Blank - Standard processing DC,DCB,DMB
B - Burn-in Am2910A FMB

Temperature (See Operating Range) LC,LmB

C ~Commercial (0°C to +70°C) XC.XM

M - Military (-55°C to +125°C)

Package

D- 40-pin CERDIP (D-40-1)

F - 42-pin flatpak (F-42-1)

L~ 44-pin leadless chip carrier (L-44-1)

P- 40-pin plastic DIP (P-40-1)

X- Dice Valid Combinations

Consult the AMD sales office in your area to
Device type determine if a device is currently available in the
Microprogram Controller combination you wish.
Chip-Pak is a trademark of Advanced Micro Devices, Inc. 045228
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Am2910A

PIN DESCRIPTION

PRODUCT OVERVIEW

The Am2910A is a bipolar microprogram controller intended
for use in high-speed microprocessor applications. It allows
addressing of up to 4K words of microprogram.

The controller contains a four-input multiplexer that is used to
select either the register/counter, direct input, microprogram
counter, or stack as the source of the next microinstruction
address.

The register/counter consists of 12 D-type, edge-triggered
flip-flops, with a common clock enable. When its load control,
RLD, is LOW, new data is loaded on a positive clock transition.
A few instructions include load; in most systems, these
instructions will be sufficient, simplifying the microcode. The
output of the register/counter is available to the muftiplexer as
a source for the next microinstruction address. The direct input
furnishes a source of data for loading the register/counter.

The Am2910A contains a microprogram counter (uPC) that is
composed of a 12-bit incrementer followed by a 12-bit register.
The uPC can be used in either of two ways: When the camy-in
to the incrementer is HIGH, the microprogram register is
loaded on the next clock cycle with the current Y output word
plus one (Y + 1. uPC). Sequential microinstructions are thus
executed. When the carry-in is LOW, the incrementer passes
the Y output word unmodified so that uPC is reloaded with the
same Y word on the next clock cycle (Y -~ uPC). The same
microinstruction is thus executed any number of times.

The third source for the muitiplexer is the direct (D) input. This
source is used for branching.

The fourth source available at the multiplexer input is a 9-word
by 12-bit stack (file). The stack is used to provide return
address linkage when executing microsubroutines or loops.
The stack contains a built-in stack pointer (SP) which always
points to the last file word written. This allows stack reference
operations {looping) to be performed without a pop.

The stack pointer operates as an up/down counter. During
microinstructions 1,4, and 5, the PUSH operation may occur.

Pin No." |Name 1/0 | Description
Di | Direct input to register/counter and multipiexer. Dg is LSB.
I | Selects one-of-sixteen instructions for the Am2810A.
14 [ | | Used as test criterion. Pass test is a LOW on CC.
13 CCEN | Whenever the signal is HIGH, CCT is ignored and the part operates as though TC were true (LOW).
32 Cl i Low order carry input to incrementer for microprogram counter.
15 RID | When LOW forces loading of register/counter regard! of instruction or condition.
29 3 | | Three-state controf of Y; outputs.
3 CP | Triggers all internal state changes at LOW-to-HIGH edge.
Yi [o] Address to microprogram memory. Yp is LSB, Y14 is MSB.
16 FOLL O | Indicates that nine items are on the stack.
[} [ O | Can select #1 source (usually Pipeline Register) as direct input source.
7 MAP o Can select #2 source (usually Mapping PROM or PLA) as direct input sourcs.
VECT O | Can select #3 source (for example, interrupt Starting Address) as direct input source.
“DIP only.

This causes the stack pointer to increment and the file to be
written with the required return linkage. On the cycle following
the PUSH, the return data is at the new location pointed to by
the stack pointer.

During five microinstructions, a POP operation may occur. The
stack pointer decrements at the next rising clock edge
following a POP, effectively removing old information from the
top of the stack.

The stack pointer linkage is such that any sequence of
pushes, pops, or stack references can be achieved. At RESET
(instruction 0), the depth of nesting becomes zero. For each
PUSH, the nesting depth increases by one; for each POP. the
depth decreases by one. The depth can grow to nine. After a
depth of nine is reached, FULL goes LOW. Any further
PUSHes onto a full stack overwrite information at the top of
the stack, but leave the stack pointer unchanged. This
operation wili usually destroy ussful information and is normal-
ly avoided. A POP from an empty stack may place non-
meaningful data on the Y outputs, but is otherwise safe. The
stack pointer remains at zero whenever a POP is attempted
from a stack already empty.

The register/counter is operated during three microinstruc-
tions (8,9,15) as a 12-bit down counter, with result = zero
available as a microinstruction branch test criterion. This
provides efficient iteration of microinstructions. The register/
counter is arranged such that it itis preloaded with a number N
and then used as a loop termination counter, the sequence will
be executed exactly N + 1 times. During instruction 15, a
three-way branch under combined controi of the loop counter
and the condition code is available.

The device provides three-state Y outputs. These can be
particularly useful in designs requiring automatic checkout of
the processor. The microprogram controller outputs can be
forced into the high-impedance state, and pre-programmed
sequences of microinstructions can be executed via external
access to the address lines.
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OPERATION

The Table of Instructions shows the result of each instruction
in controlling the multipiexer which determines the Y outputs,
and in controfling the three enable signals PL, MAP, and
VECT. The effect on the register/counter and the stack after
the next positive-going clock edge is also shown. The multi-
plexer determines which internal source drives the Y outputs.
The value loaded into uPC is either identical to the Y output, or
eise one greater, as determined by CI. For each instruction,
one and only one of the three outputs PL, MAF, and VECT is
LOW. If these outputs control three-state enables for the
primary source of microprogram jumps (usually part of a
pipeline register), a PROM which maps the instruction to a
microinstruction starting location, and an optional third source
(often a vector from a OMA or interrupt source), respectively,
the three-state sources can drive the D inputs without further
logic.

Several inputs (see Functional Pin Description), can modify
instruction execution. The combination TC HIGH and CCEN

LOW is used as a test in 8 of the 16 instructions. RLD, when
LOW, causes the D input to be loaded into the register/
counter, overriding any HOLD or DEC operation specified in
the instruction. OE, normally LOW, may be forced HIGH to
remove the Am2910A Y outputs from a three-state bus.

The stack, a nine-word last-in, first-out 12-bit memory, has a
pointer which addresses the value presently on the top of the
stack. Explicit control of the stack pointer occurs during
instruction 0 (RESET), which makes the stack empty by
resetting the SP to zero. After a RESET, and whenever else
the stack is empty, the contents of the top of stack are
undefined until a PUSH occurs. Any POPs performed while the
stack is empty put undefined data on the F outputs and leave
the stack pointer at zero.

Any time the stack is full {nine more PUSHes than POPs have
occurred since the stack was last empty), the FULL warning
output occurs. This signal first appears on the microcycle after
a ninth PUSH. No additional PUSH should be attempted onto
a full stack; if tried, information within the stack will be
overwritten and lost.
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Am2910A

TABLE OF INSTRUCTIONS

25% CCEN = LF o TC= TCEN y
CON- ZLand CC-H “HorCC-tL REG/
13-lo MNEMONIC NAME TENTS Y STACK Y STACK CNTR | ENABLE
0 JZ JUMP ZERO X 0 CLEAR 0 CLEAR HOLD PL
1 cJS COND JSB PL X PC HOLD D PUSH HOLD PL
2 JMAP JUMP MAP X D HOLD D HOLD HOLD | MAP
3 P COND JUMP PL X PC HOLD D HOLD HOLD PL
4 PUSH PUSH/COND LD CNTR X PC PUSH PC PUSH Note 1| PL
5 JSRP COND JSB R/PL X R PUSH D PUSH HOLD PL
[ [V COND JUMP VECTOR X PC HOLD D HOLD HOWD | VECT
7 JRP COND JUMP R/PL X 2] HOLD D HOLD HOLD PL
. arcT REPEAT LOOP, #0 F HOLD F HOLD DEC PL
CNTR =0 =0 PC POP PC POP HOLD PL
#0 D HOLD D HOLD DEC PL
[} RPCT REPEAT PL, CNTR #0 -0 PC HOLD °C HOLD HOLD PL
10 CRTN COND RTN X PC HOLD F POP HOLD PL
11 CJPP COND JUMP PL & POP | X PC HOLD D POP HOLD PL
12 LDCT LD CNTA & CONTINUE X PC HOLD PC HOLD LOAD PL
13 LOOP TEST END LOOP X F HOLD PC POP HOLD PL
14 CONT CONTINUE X PC HOLD PC HOLD HOLD PL
#0 F HOLD PC POP DEC PL
15 W8 THREE-WAY BRANCH =0 ) FOP PC POP HOLD L
Note 1: It CCEN =L and TC = H, hoid; else load. H=HIGH L=LOW X = Don't Care

THE Am2910A INSTRUCTION SET

The Am2910A provides 16 instructions which select the
address of the next microinstruction to be executed. Four of
the instructions are unconditional — their effect depends only
on the instruction. Ten of the instructions have an effect which
is partially controlled by external, data-dependent condition.
Three of the instructions have an effect which is partially
controlled by the contents of the internal register/counter. In
this discussion it is assumed the C; is tied HIGH.

In the ten conditional instructions, the result of the data-
dependent test is applied to TC. If the TT input is LOW, the
test is considered to have been passed, and the action
spacified in the name occurs; otherwise, the test has failed
and an alternate (often simply the execution of the next
sequential microinstruction) occurs. Testing of CC may be
disabled for a specific microinstruction by setting CCEN HIGH,
which unconditionally forces the action specified in the name;
that is, it forces a pass. Other ways of using CCEN inciude (1)
tying it HIGH, which is useful if no microinstruction is data-
dependent; (2) tying it LOW if data-dependent instructions are
never forced unconditionally; or (3} tying to the source of
Am2910A instruction bit lg, which leaves instructions 4, 6 and
10 as data-dependent but makes others unconditional. All of
these tricks save one bit of microcode width.

The effect of three instructions depends on the contents of the
register/counter. Unless the counter holds a value of zero, itis
decremented; if it does hold zero, it is held and a different
microprogram next address is selected. These instructions are
useful for executing a microinstruction loop a known number
of times. Instruction 15 is affected both by the external
condition code and the internal register/counter.

Perhaps the best technique for understanding the Am2910A is
to simply take each instruction and review its operation. in
order to provide some feel for the actual execution of these
instructions, examples of all 16 instructions are included.

The examples given should be interpreted in the following
manner: The intent is to show microprogram flow as various
microprogram memory words are executed. For example, the
CONTINUE instruction, instruction number 14, simply means
that the contents of microprogram memory word 50 are
executed, then the contents of word 51 are executed. This is
followed by the contents of microprogram memory word §2
and the contents of microprogram memory word 53. The
microprogram addresses used in the examples were arbitrarily
chosen and have no meaning other than to show instruction
flow. The exception to this is the first example, JUMP ZERO,
which forces the microprogram location counter to address
ZERQ. Each dot refers to the time that the contents of the
microprogram memory word is in the pipeline register. While
no special symbology is used for the conditional instructions,
the text to follow will explain what the conditional choices are
in each example.

it might be appropriate at this time to mention that AMD has a
microprogram assembler called AMDASM, which has the
capability of using the Am2910A instructions in symbolic
representation. AMDASM's Am2910A instruction symbolics
(or mnemonics) are given in the examples, and again in the
Table of Instructions.

0 JUMP ZERO (V2)

PFRQ0830

instruction 0, JZ (JUMP to ZERO, or RESET) unconditionally
specifies that the address of the next microinstruction is zero.
Many designs use this feature for power-up sequences and
provide the power-up firmware beginning at microprogram
memory word location 0.

045228
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1 COND JSB PL (CJS)

50 STACK
51
52 90
53 91
54 92
55 93
PFRO0050

Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE via
the address provided in the pipeline register. As shown in
Figure 4, the machine might have executed words at address
50, 51, and 52. When the contents of address 52 is in the
pipeline register, the next address control function is the
CONDITIONAL JUMP-TO-SUBROUTINE. Here, if the test is
passed, the next instruction executed will be the contents of
microprogram memory location 80. If the test has failed, the
JUMP-TO-SUBROUTINE will not be executed; the contents of
microprogram memory location 53 will be executed instead.
Thus, the CONDITIONAL JUMP-TO-SUBROUTINE instruction
at location 52 will cause the instruction either in location 90 or
in location 53 to be executed next. If the TEST input is such
that location 90 is selected, value 53 will be pushed onto the
internal stack. This provides the return linkage for the machine
when the subroutine beginning at location 90 is completed. In
this example, the subroutine was completed at iocation 83 and
a RETURN-FROM-SUBROQUTINE would be found at location
93.

2 JUMP MAP (JMAP)

50
51
52
53 90
9
PFR00860

instruction 2 is the JUMP MAP instruction. This is an uncondi-
tional instruction which causes the MAP output to be enabled
so that the next microinstruction location is determined by the
address supplied via the mapping PROMs. Normally, the
JUMP MAP instruction is used at the end of the instruction
fetch sequence for the machine. In the example of Figure 4,
microinstructions at locations 50, 51, 52 and 53 might have
been the tetch sequence and at its completion at location 53,
the jump map function would be contained in the pipeline
register. This example shows the mapping PROM outputs to
be 90; therefore, an unconditional jump to microprogram
memory address 90 is performed.

3 COND JUMP PL (CJP)

S0
51
52
63
54 30
3
PFR00820

Instruction 3, CONDITIONAL JUMP PIPELINE, derives its
branch address from the pipeline register branch address
value (BRg — BRy4). This instruction provides a technique for
branching to various microprogram sequences depending
upon the test condition inputs. Quite often, state machines are
designed which simply execute tests on various inputs waiting
for the condition to come true. When the true condition is
reached, the machine then branches and executes a set of
microinstructions to perform some function. This usually has
the effect of resetting the input being tested until some point in
the future. The example shows the conditional jump via the
pipeline register address at location 52. When the contents of
microprogram memory word 52 are in the pipeline register, the
next address will be either location §3 or location 30 in this
example. If the test is passed, the value curmrently in the
pipeline register (30) will be selected. If the test fails, the next
address selected will be contained in the microprogram
counter which, in this example, is 53.

4 PUSH/COND LD CNTR (PUSH)

STACK
50
51
52 REGISTER/
53 COUNTER
PFRO0840

Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER
instruction and is used primarily for setting up loops in
microprogram firmware. In this example, when instruction 52 is
in the pipeline register, a PUSH will be made onto the stack
and the counter will be loaded based on the condition. When a
PUSH occurs, the value pushed is always the next sequential
instruction address. in this case, the address is 53. If the test
fails, the counter is not loaded; if it is passed, the counter is
loaded with the value contained in the pipeline register branch
address field. Thus, a single microinstruction can be used to
set up a loop to be executed a specific number of times.
Instruction 8 will describe how to use the pushed value and the
register/counter for looping.
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Am2910A

5 COND JSB R/PL (JSRP)

91
92
93

PFRO0940

Instruction 5 is a CONDITIONAL JUMP-TO-SUBROUTINE via
the register/counter of the contents of the PIPELINE register.
A PUSH is always performed and one of two subroutines
executed. In this example, either the subroutine beginning at
address 80 or the subroutine beginning at address 80 will be
performed. A RETURN-FROM-SUBROUTINE (instruction
number 10) returns the microprogram flow to address 55. In
order for this microinstruction control sequence to operate
correctly, both the next address fields of instruction 53 and the
next address fields of instruction 54 would have to contain the
proper value. Let's assume that the branch address fields of
instruction 53 contain the value 80 so that it will be in the
Am2910A register/counter when the contents of address 54
are in the pipeline register. This requires that the instruction at
address 53 load the register/counter. Now, during the execu-
tion of instruction 5 (at address 54), if the test failed, the
contents of the register (value = 90) will select the address of
the next microinstruction. If the test input passes, the pipeline
register contents (value = 80) will determine the address of
the next microinstruction. Therefore, this instruction provides
the ability to select one of two subroutines to be executed
based on a test condition.

6 COND JUMP VECTOR (CJV)

50

51

52

53 20

54 21
PFR00820

Instruction 6 is a CONDITIONAL JUMP VECTOR instruction
which provides the capability to take the branch address from
a third source heretofore not discussed. In order for this
instruction to be useful, the Am2910A output VECT is used to
control a three-state control input of a register, buffer, or
PROM containing the next microprogram address. This in-
struction provides one technique for performing interrupt type
branching at the microprogram level. Since this instruction is
conditional, a pass causes the next address to be taken from
the vector source, while failure causes the next address to be
taken from the microprogram counter. In the example, if the
CONDITIONAL JUMP VECTOR instruction is contained at
location 52, execution will continue at vector address 20 if the

CC input is LOW and the microinatruction at address 53 will be
executed if the TC input is HIGH.

7 COND JUMP R/PL (JRP)

50
51
52
53
70 80
n 81
PFRO0B30

Instruction 7 is a CONDITIONAL JUMP via the contents of the
Am2610A REGISTER/COUNTER or the contents of the
PIPELINE register. This instruction is very similar to instruction
5; the CONDITIONAL JUMP-TO-SUBROUTINE via R or PL.
The major difference between instruction 5 and instruction 7 is
that no push onto the stack is performed with 7. The example
depicts this instruction as a branch to one of two locations
depending on the test condition. The example assumes the
pipeline register contains the value 70 when the contents of
address 52 is being executed. As the contents of address 53 is
clocked into the pipeline register, the value 70 Is loaded into
the register/counter in the Am2810A, The value 80 is available
when the contents of address 53 is in the pipeline register.
Thus, control is transferred to either address 70 or address 80
depending on the test condition. ’

8 REPEAT LOOP, CNTR +0 (RFCT)

STACK

{PUSH)
50

REGISTER/
51 COUNTER
52
53
54
55

PFR00910

Instruction B8 is the REPEAT LOOP, COUNTER # ZERO
instruction. This microinstruction makes use of the decrement-
ing capability of the register/counter. To be useful, some
previous instruction, such as 4, must have loaded a count
value into the register/counter. This instruction checks to see
whether the register/counter contains a non-zero value. If so,
the register/counter is decremented, and the address of the
next microinstruction is taken from the top of the stack. if the
register/counter contains zero, the loop exit condition is
occurring; control falls through to the next sequential microin-
struction by selecting uPC; the stack is POP'd by decrement-
ing the stack pointer, but the contents of the top of the stack
are thrown away.

In this example, location 50 most likely would contain a PUSH/
CONDITIONAL LOAD COUNTER instruction which would
have caused address 51 to be PUSHed on the stack and the
counter to be loaded with the proper value for looping the
desired number of times.

In this example, since the loop test is made at the end of the
instructions to be repeated (microaddress 54), the proper
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value to be loaded by the instructions at address 50 is one
less than the desired number of passes through the loop. This
method allows a loop to be executed 1 to 4096 times. If it is
desired to execute the loop from 0 to 4095 times, the firmware
should be written to make the loop exit test immediately after
loop entry.

Single-microinstruction loops provids a highly efficient capabil-
ity for executing a specific microinstruction a fixed number of
times. Examples include fixed rotates, byte swap, fixed point
multiply, and fixed point divide.

9 REPEAT PL, CNTR #0 (RPCT)

COUNTER
50 (LoCT)
51
62
63
PFR008E0

Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT-
ER = ZERO instruction. This instruction is similar to instruction
8 except that the branch address now comes from the pipeline
register rather than the file. in some cases, this instruction may
be thought of as a one-word file extension; that is, by using
this instruction, a loop with the counter can still be performed
when subroutines are nested nine deep. This instruction’s
operation is very similar to that of instruction 8. The differ-
ences are that on this instruction, a failed test condition
causes the source of the next microinstruction address to be
the D inputs; and, when the test condition is passed, this
instruction does not perform a POP because the stack is not
being used.

In this example, the REPEAT PIPELINE, COUNTER # ZERO
instruction is instruction 52 and is shown as a single microin-
struction loop. The address in the pipeline register would be
52. Instruction 51 in this example could be the LOAD
COUNTER AND CONTINUE instruction (number 12). While
the example shows a single microinstruction loop, by simply
changing the address in a pipeline register, multi-instruction
loops can be performed in this manner for a fixed number of
times as determined by the counter.

10 COND RETURN (CRTN)

STACK
50

51 90
52 91
53 92
54 93
85 94
95
96
97

PFRO0900

Instruction 10 is the conditional RETURN-FROM-SUBROU-
TINE instruction. As the name implies, this instruction is used
to branch from the subroutine back to the next microinstruc-
tion address following the subroutine call. Since this instruc-
tion is conditional, the return is performed only if the test is

passed. If the test is failed, the next sequential microinstruc-
tion is performed. This example depicts the use of the
conditional RETURN-FROM-SUBROUTINE instruction in both
the conditional and the unconditional modes. This example
first shows a JUMP-TO-SUBROUTINE at instruction location
52 where control is transferred to location 80. At location 93, a
conditional RETURN-FROM-SUBROUTINE instruction is per-
formed. If the test is passed, the stack is accessed and the
program will transfer to the next instruction at address 53, If
the test is failed, the next microinstruction at address 94 will be
executed. The program will continue to address 97 where the
subroutine is complete. To perform an unconditional RE-
TURN-FROM-SUBROUTINE, the conditional RETURN-
FROM-SUBROUTINE instruction is executed unconditionally;
the microinstruction at address 97 is programmed to force
CCEN HIGH, disabling the test and the forced PASS causes
an unconditional return.

11 COND JUMP PL & POP (CJPP)

STACK
50 {PUSH)
51
52 ® 70
53 90 71
54 80 91 72
55 81 92
56 82

PFRO0850

Instruction 11 is the CONDITIONAL JUMP PIPELINE register
address and POP stack instruction. This instruction provides
another technique for loop termination and stack mainte-
nance. The exampie shows a loop being performed from
address 55 back to address 51. The instructions at locations
52, 53, and 54 are all conditional JUMP and POP instructions.
At address 52, if the CC input is LOW, a branch will be made to
address 70 and the stack will be properly maintained via a
POP. Should the test fail, the instruction at location 53 (the
next sequential instruction) will be executed. Likewise, at
address 53, either the instruction at 90 or 54 will be subse-
quently executed, respective to the test being passed or failed.
The instruction at 54 foliows the same rules, going to either 80
or 55. An instruction sequence as described here, using the
CONDITIONAL JUMP PIPELINE and POP instruction, is very
useful when several inputs are being tested and the micropro-
gram is looping waiting for any of the inputs being tested to
accur before proceeding to another sequence of instructions.
This provides the powerful jump-table programming technique
at the firmware level.

12 LD CNTR & CONTINUE (LDCT)

50 COUNTER
51
52
63
PFRO0870

Instruction 12 is the LOAD COUNTER AND CONTINUE
instruction, which simply enables the counter to be loaded with
the value at its parallel inputs. These inputs are normally
connected to the pipsline branch address field which (in the
architecture being described here) serves to supply either a

voiecwy
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branch address or a counter value depending upon the
microinstruction being executed. Altogether there are three
ways of loading the counter - the explicit load by this
instruction 12; the conditional load included as part of instruc-
tion 4; and the use of RLD input along with any instruction. The
use of RLD with any instruction overrides any counting or
decrementation specified in the instruction, calling for a load
instead. Its use provides additional microinstruction power, at
the expense of one bit of microinstruction width. This instruc-
tion 12 is exactly equivalent to the combination of instruction
14 and ALD LOW. its purpose is to provide a simple capability
to load the register/counter in those implementations which
do not provide microprogrammed control for RLD.

13 TEST END LOOP (LOOP)

50 ¢ STACK
51 @g—""""" C) (PUSH)
52
53 @
54 ¢
55 ¢

56 (3

57 4

—0-{4

PFR00860

instruction 13 is the TEST END-OF-LOOP instruction, which
provides the capabllity of conditionally exiting a loop at the
bottom; that is, this is a conditional instruction that wilt cause
the microprogram to loop, via the file, if the test is failed eise to
continue to the next sequential instruction. The example
shows the TEST END-OF-LOOP microinstruction at address
56. If the test fails, the microprogram will branch to address
52. Address 52 is on the stack because a PUSH instruction
had been executed at address 51. if the test is passed at
instruction 56, the loop Is terminated and the next sequential
microinstruction at address 57 is executed, which also causes
the stack to be POP'd; thus, accomplishing the required stack
maintenance.

14 CONTINUE (CONT)

S0
51
52
53

PFR00880

Instruction 14 is the CONTINUE instruction, which simply
causes the microprogram counter to increment so that the
next sequential microinstruction is executed. This is the
simplest microinstruction of all and should be the default
instruction which the firmware requests whenever there is
nothing better to do.

15 THREE-WAY BRANCH (TWB)

STACK
62 {PUSH}
63 REGISTER/
64 =] COUNTER
65 (@ 72
66 73
PFRO08 10

instruction 15, THREE-WAY BRANCH, is the most complex. It
provides for testing of both a data-dependent condition and
the counter during one microinstruction and provides for
selecting among one of three microinstruction addresses as
the next microinstruction to be performed. Like instruction 8, a
previous instruction will have loaded a count into the register/
counter while pushing a microbranch address onto the stack.
Instruction 15 performs a decrement-and-branch-until-zero
function similar to instruction 8. The next address is taken from
the top of the stack until the count reaches zero; then the next
address comes from the pipeline register. The above action
continues as long as the test condition fails. If at any execution
of instruction 15 the test condition is passed, no branch is
taken; the microprogram counter register furnishes the next
address. When the loop is ended, either by the count
becoming zero, or by passing the conditional test, the stack is
POP'd by decrementing the stack pointer, since interest in the
value contained at the top of the stack is then complete.

The application of instruction 15 can enhance performance of
a variety of machine-level instructions. For instance, (1) a
memory search instruction to be terminated either by finding a
desired memory content or by reaching the search limit; (2)
variable-field-length arithmetic terminated early upon finding
that the content of the portion of the field still unprocessed is
all zeroes; (3) key search in a disc controller processing
variable length records; (4) normalization of a floating point
number.

As one example, consider the case of a memory search
instruction. As shown, the instruction at microprogram address
63 can be instruction 4 (PUSH), which will push the value 64
onto the microprogram stack and load the number N, which is
one less than the number of memory locations to be searched
before giving up. Location 64 contains a microinstruction
which fetches the next operand from the memory area to be
searched and compares it with the search key. Location 65
contains a microinstruction which tests the result of the
comparison and also is a THREE-WAY BRANCH for micropro-
gram control. If no match is found, the test fails and the
microprogram goes back to location 64 for the next operand
address. When the count becomes zero, the microprogram
branches to location 72, which does whatever is necessary if
no match is found. If a match occurs on any execution of the
THREE-WAY BRANCH at location 65, control falls through to
location 66 which handles this case. Whether the instruction
ends by finding a match or not, the stack will have been POP'd
once, removing the value 64 from the top of the stack.
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One level pipeline provides better speed than most other architectures. The uProgram Memory and the
Am2801 array are in parallel speed paths instead of in series. This is the recommended architecture for

Am2800 designs.

ARCHITECTURES USING THE Am2910A

(Shading shows path(s) which usually limit speed)

One Level Pipeline Based (Recommended)

MAP

volezuy

STATUS
REGISTER

[ StA-u

Figure 1.

PF000990
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Am2910A

PIPELINE Am2810A
REGISTER » INSTRUCTION
OouUTPUT INPUTS

98ns CYCLE TIME
e TS N
1ins
({CLOCK TO REGISTER OUTPUT)
18ns
(MUX SELECT TO OUTPUT)

MUX Am2910A
OUTPUT CCwPuT
Am2910A QUTPUTS
MCROPROGRAM
MEMOAY

OUTPUTS

This drawing shows the timing relationships in the CCU illustrated above.

Typical CCU Cycle Timing Wavetforms

AORSAXKT
(XXX
PROM ACCESS TIME
35ns
X ABARRXIXX XXX XCOONGOOOAABAON
N N KOO XXX XXX
4ns
lo—e{ REGISTER
SETUP
TIME
WF003051
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OTHER ARCHITECTURES USING THE Am2910A
(Shading shows path(s) which usually limit speed)

Figure 2.

a. Instruction Based

PF001001

A Register at the Microprogram Memory output contains
the microinstruction being executed. The microprogram
memory and Am2901C delay are in series. Conditional
branches are executed on same cycle as the ALU
operation generating the condition.

b. Addressed Based
MAP

> A p—— CLOCK

]
MICROMSESRR Am
ME s

Si1ar

PFDO1011

The Register at the Am2910A output contains the address
of the microinstruction being executed. The Microprogram
Memory and Am2901C are in series in the critical path.
This architecture provides about the same speed as the
Instruction based architecture, but requires fewer register
bits, since only the address (typically 10 - 12 bits) is
stored instead of the instruction (typically 40 - 60 bits).

c. Data Based

F Si4)

STATUS
REGISTER

SiA-n

PF001021

The Status Register provides conditional Branch control
based on results of previous ALU cycie. The Microprogram
Memory and Am2801C are in series in the critical paths.

d. Two Level Pipeline Based

MAP

p——— CLOCK

Ttiaen

l STATUS

REGISTER

Sa-1,

PF001051

Two level pipeline provides highest possible speed. It is
more difficult to program because the selection of a
microinstruction occurs two instructions ahead of its
execution.
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Am2910A

Am2910A HIGH SPEED APPLICATION

Optimal Am2910A configurations can support high speed bit
slice designs. When used with high speed registers and

The following gives one suggested parts configuration to meet

this design criterion.

Figure 3.

Status Register Am29825
PROMs, the Am2910A can execute simple instructions in MUX (8 te;‘; 1 745151
100ns. PROM Am27S35
The following figure illustrates the usual critical path in the Pipeline Register ~ Am2918
sequencer.
Timing on the critical paths becomes
Device Path Delay
Status Register Clock — Output 11ns
Fast MUX Select — Output 18ns
Am2910A TC~v 30ns
Fast PROM Addr —Qutput 35ns
Pipeline Register Setup 4ns
99ns
One Level Pipeline Based
(Recommended)
MAP
cLoCcK
i
+1
MICR RAM
M v
1A+
Py
RE
Al C
sia
s
ReflER
Sta-1}
PF000990
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Am2910A

ABSOLUTE MAXIMUM RATINGS

Storage Temperature ................c..ccee.. -65°C to +150°C
Case Temperature with Power Applied ..-55°C to +125°C
Supply Voltage to Ground Potential

ContiNUOUS .........ocovvvnieeiiciiiinenienins -0.5V to +7.0V
DC Voitage Applied to Outputs For

High Output State
DC Input Voitage
DC Output Current, into Outputs (Except Bus)
DC Input Cumrent ..........cooevviveiinienenneinens -30 to +5.0mA

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

DC CHARACTERISTICS over operating range unless otherwise specified

Commercial (C) Devices

ality of the device is guaranteed.

OPERATING RANGES

Temperature ...........c.coeeverevuerennecennenes 0°C to +70°C

Supply Voltage{vce) to............... .+4.75V to +5.25V
Military (M) Devices

Temperature ............oovvvevereinienins -55°C to +125°C

Supply Voitage(Vee) «ovvevvvvivniiniinnnins +4.5V to +5.5V
Operating ranges define those limits over which the function-

T
Parameters Description Test Conditions (Note 1) Min (Notvnp 2)| Max | Units
VOoH Output HIGH Voltage Vee = MIN, log=-1.8mA, ViN=Viy or V) 24
- Yo-11, lop = 12mA
VoL Output LOW Voitage 3.??- vmmor vi. | PL VECT, AP, FULL, I, = 8mA | 0.5
Vik Input HIGH Level (Note 4) Guaranteed input logical HIGH voltage for all inputs 2.0 Volts
viL Input LOW Level (Note 4) Guarantead input logical LOW voltage for all Inputs 0.8
Youue input Clamp Voitage Vo = MIN, iy =-18mA -1.5
Do-11 -0.87
c1, CCEN -0.54
[ Input LOW Current Veg = MAX, Vi = 0.5V lo.3, OE,AED -0.72 mA
[eo] -1.31
CP -2.14
Do-11 a0
c1, CCEN 30
IH Input HIGH Current Voo = MAX, Viy = 2.7V lo-3. OE, RLD 40 HA
TT 50
cP 100
Voo = MAX, Viy = 5.5V 1.0
isc &“&‘f:‘ﬁ"m Girouit Gurrent Vog = MAX -30 -85 mA
lozi Yoyt =~ 0.5V -50
Tozn Output OFF Current Vee = MAX, OF = 24V Vour ~ 24V 50 KA
Ta=0 to +70°C 344
Am2910APC, DC T T30 280
Icc Power Supply Current Voe = MAX To=-55 to +125°C 340 mA
AmZ810ADM, FM [T 7eee 280
For conditions shown as MIN or MAX, use the appropnate value specified under Operating Ranges for the applicable device type.

Notes: 1.

functionally tested).

2. Typical limits are at Vo = 5.0V, 25°C ambient and a maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4, These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not

Notes on Testing

1. Insure the part is adequately decoupled at the test head.
Large changes in supply current when the device switches
may cause function failures due to Ycc changes.

2. Do not leave inputs floating during any tests, as they may
oscillate at high frequency.

3. Do not attempt to perform threshoid tests at high speed.
Following an input transition, ground current may change by
as much as 400mA in 5 ~ 8ns. Inductance in the ground
cable may allow the ground pin at the device to rise by
hundreds of millivolts momentarily.

4. Use extreme care in defining input leveis for AC tests. Many
inputs may be changed at once, so there will be significant
noise at the device pins and they may not actually reach V.
or Vi until the noise has settied. AMD recommends using
Vit SOV and Vi =3V for AC tests.

5. To simplity failure analysis, programs should be designed to
perform DC, Function and AC tests as three distinct groups
of tests.

6. To assist in testing, AMD offers complete documentation on
our test procedures and, in most cases, can provide actual
Sentry programs, under license from Sentry.
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SWITCHING TEST CIRCUIT

THREE-STATE OUTPUTS

VOUTO—M

o
—
o
&

TCRO1350

5.0-Vge-VaL
loL + VouL/1K

NORMAL OUTPUTS

Vec
S Ry
Vour 0—0~"¢
R, c
TCR01370
24V
Rp= —
lon

5.0-VBe -VoL
loL + VoL/Ra2

Notes: 1. C_ = 50pF includes scope probe, wiring and stray capacities without device in test fixture.
2. 84, S2, S3 are closed during function tests and ali AC tests except output enable tests.
3. S1 and S3 are closed while Sz is open for tpzy test.
S1 and Sz are closed while S3 is open for tpz_ test.

4. Ci_ = 5.0pF for output disable tests.

TEST OUTPUT LOADS FOR Am2910A

Pin# Test
(DIP) Pin Label Clrcuit Ry Rz
- Y011 A 300 1K
5 VECT B 470 1.5K
6 PC B 470 1.5K
7 MAP B 470 1.5K
16 FOLT B 470 1.5K
045228
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The tables below define the Am2810A switching characteristics. Tables A are set up and hold times relative

Am2910A SWITCHING CHARACTERISTICS

to the clock LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements.
Al measurements are made at 1.5V with input levels at OV or 3V. All values are in ns. All outputs have
maximum DC loading.

OPERATING RANGE Am2910APC, DC
(Ta=0 to +70°C, Voo = 4.75 to 5.25V, C = 50pF)

A. Set-up and Hold Times

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL

B. Combinational Delays

Input ts th input Y PL, VECT, MAP Full
Di-R 16 0 Do-D11 20 - ~
D;—PC 30 0 lo-l3 35 30 -
lo-l3 as 0 TC 30 - -
CcC 24 0 CCEN 30 - -
CCEN 24 0 cP 40 - 31
cl 18 0 OF (Note 1) 25/27 - -
RLD 19 0
C. Clock Requirements
Minimum Clock LOW Time
Minimum Clock HIGH Time
il. GUA AN ERISTICS OVER MILITARY
; E Am2910ADM, FM
4 25°C, V+ = 4.5 to 5.5V, C = 50pF)
A, ' B. Combinational Delays
In ts th Input Y PL, VECT, MAP Full
Di~ 16 0 Do-D11 25 - -
Dj-PC 30 0 lo-l3 40 35 -
lo-l3 38 0 [o¢] 36 - -
TC 35 0 TCEN 36 - -
TTEN 35 ] cP 46 - 35
cl 18 0 OE (Note 1) 25/30 - -
RLD 20 ]
C. Clock Requirements
Minimum Clock LOW Time 25 ns
Minimum Clock HIGH Time 25 ns
Minimum Clock Period 51 ns
Note 1. Enable/Disable. Disable times measured to 0.5V change on output voltage level with Cy = 5.0pF.
045228
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SWITCHING WAVEFORMS

30v L
ov
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cLock 15V
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INPUT
T0
CLoC ouTPUT
10 DELAY
' OuUTPUT
OELAY
ouTrUTS OLOO00OCONONOOOO00N]
AN
I
WFR02990
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RELATED PRODUCTS

Part No. Description

Am2914 Vectored Interrupt Controller
Am2918 Pipetine Register

Am2922 Condition Code MUX

Am25L8377| Status Register

Am27S35 Registered PROM

Am20818 SSR Diagnostics/Pipeline Register

For applications information, see Chapter il of Bit Slice
Microprocessor Design, Mick & Brick, McGraw Hili Publications.
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