Designing asynchronous circuits
with timing conditions

Vision statement for possible CAD development under Workcraft

Original document:

A. Yakovlev, Synthesis from timing diagrams: rough notes and examples, Tech Memo, March 7,
1998; written on the basis of discussions with Ed Cerny and Luciano Lavagno



Basic classification of timing conditions
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STG interpretation of Assume conditions

(1) Case d1 = 0,d2 = ¢

Corresponds to delay-

a a- [41.42] independent handshake
a=input [d1.d7] [d1.d2] .
or at+ a- - . )
b=output b b (2) Case dl = min > 0,d2 = o

Corresponds to delayed (by min value)

b [Timjng Diagr:amtl |: Event Graph j

(576 ) response from the environment
i k] :
T E - (3) Case d1 = 0,d2 = maz < oc
»dl g cd2 4 Corresponds to bounded
bt oo B b e — bt e —

delay-independent

response, e.g. from clock signal
: ) "delayed" response "fast" handshake
handshake :

(4) Case d1 = min > 0,d2 = maz < oc
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{can be used as one of the above}
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handshake with input clock



STG interpretation of commits
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Simple
buffer
example

3 Initial Constramts:
|[d3d1- Commut: Assume:
| buf Lt [d1.d2]] ’ [d1.d2] [d3.d4]
b —l at+ ———= bt g+ —— =  3-

Let d2? = d3:
Hence (via Timing Analysis) we have a new Assume sep b+ = a- (b+ before a-)

Smce this sep affects mput (a-)  we introduce an explicit arc
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Clocked write controller
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Logic implementation:
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Very simple clocked write controller

Here we allow ‘we’ to resume its change after ‘w’ goes high
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Logic implementation:

w=ckwe+ckw
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Clocked D-latch
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Logic implementation:

gq=ckd+ck’q



Dual (Sync/Async) mode write ctl with

external choice

§: at: = M D Data
Smc | UM x| Ont VPR
Diata X A ﬁ%rll#j
a8 1
wa + * _-_d-:
“11._ write-ctl

Possible constramnts in async part:

Logic unplementations:
(1) no constraints m async part:
wd = cacl (wa 1 +wd)

as=asck +wa
1=cacl (wd’(as +1) + ck)
cacl =1"(as +wa) + cacl (clktwa)

o
A

A(2) with C2
wd=csclas(1+wa’)
as =as ck’ +wa
l=cscl(waas+az" 1+ck)
cacl =1"(as"™+wa) + cscl (clc+wa)

Commit:
Cl: 1 =141 (= min) ----- ST N
C2: wa- = 1-/1 T - -t hh‘\ / l
R - -- ~a - ck-
CE-’-I.T'_I e RS N "‘%‘»-_E e (3) with C3 or with Al:
— [tobelp csc orlogic | "~ ‘I,n /‘\ ,f _ B2 wd=as1
e Voo
(a bit milder than C3) : # ‘}/
wd-

also: commit on set-up delay
C4: before 1+/1 and I+72 (777)



Dual (Sync/Async) mode write ctl with pre-
emption by Sync
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Logic implementations:

(1) no constraints 1n async part:
wd = cscl (as 1+ wd)
as=wack’wd 1" +as (ck’ +1)
1=csclwd’ as (ck’ +1) + ck as’
csclD =wa (1 + csc0 + as’)

(3) with C3:
wd=as |
as=wack |' +as(1+ck’)
l=wack’ as +ck(wal+as’)



Dual (Sync/Async) mode write ctl with Mutex

Async MUX Mode:
Data ™ o
_'1 MUX |l |D +Dﬂl’£l ASYIC .-a_l
SVIC _g Out sync: s=1
CK
Data A spacer: a=s=0
E!.S‘_’,-’ﬂl:l:ﬂ:l* fay‘nc{s] flﬂl’th (1)

write_select (wr) —= -%— write_sync_enable (we)

write_async_strobe (wa) —#= : 1
write-ct -a— clock (ck)

g

mutex

write_done (wd) —--—




Dual mode write ctl: timing diagrams)
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Dual mode write
ctl with Mutex:
STG and logic
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Logic implementation:

wd=aal+ wd (aa + wa)
a=wd aa

s=ck as

l=wd a+cks
ra=wawrwd +laa+a
rs=lazs+weck+s

With extra commits (wa-/1 -= {a-1-/1}):

wd=1a+wdaa
a=waaa

s=asck
l=waa+cks
ra=laa+wrwa+a
rs=las+weck+s



Example of Z84
write i/f: Initial
Event Graph

A

- A
_[135.125] [125.125] A
1551 [55.inf] ™ _— N [55.70]
Clock ck+—[ﬁ—“’ cke———F—* ck+ = ck- = ck+ = k- ——» ck+
- | I'.I I', I"-.""' I'. 1.-"\.
(input) [n__}ﬂ\ [0.60] [0.60] \\[0.60] NG
C1 c1loh Cl\  (onf] L4, C1 Y
Address a T\ & = -2 —- o+
Lo 0.60],
{output) 2 ﬂt\qu\ * [CI }\'ﬂ. K'x_ 20.inf]
| - \ [0.inf] |
MREQ\ mr- —% ™ mr+ |
(output) C1 \ .
[0.115]", \ [100inf] | [0.70]
WE. c1 o\ WI- - - WI+ \ C1
(output) \ C2 “\]\
53 (15, |
1 [c’_iﬂﬂ [0.inf] 2 A"
Data d+ - - = d+
(output) Cl
Constraint types: commut ({I.O} -= O) and assume ({L.O} -=I)
commuit 1 (C1):

[0.max] or [0.inf] == "immediate causal” ASAP (for enabling); but mavybe as long as max
if with max, this can be used as assume (7)

commit 2 (C2): [min, inf] == "delayed causal’ ASAP (via min delay); must not be less than min

assume (A).  [mun max] => timing assumpfions’ to avoid inconsistence, nonpersistence, state coding conflicts
and to optimize logic (wrt area and/or speed)



Example with Z84
write i/f: deriving
STG from initial
constraints

MEEQ\
(output)

WE.
{output)

Data
(output)

Constraint types: commit ({I,O} -= O) and assume ({1.O} -= 1)

commit 1 (C1): [0.max] or [0.inf] == "immediate causal’ ASAP (for enabling); but maybe as long as max
— = if with max, this can be used as assume (7)

commit 2 (C2): [min, inf] == "delayed causal’ ASAP (via min delay); must not be less than min
o

assume (A): [min max] == "timing assumptions’ to avoid inconsistence, nonpersistence, state coding conflicts
and to optimize logic (wrt area and/or speed)
Additional assume constraints inferred from CI (with max) and A fo help stare coding and logic



Example with Z84 write i/f: STG-based synthesis
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Logic implementation:
a= cscl +csel + mr cscl =csc2 + cka’ + cscl (ck’ + wr)
mr="c5c0 cscl a)’ csel = csc0 k™ +cescl ck
_—

fmmmmmmem o . 2= +csel (ck+
Wr=cscd” +d° +csc2’ wr csc? = ck wr cscl cscl + s (ck + wr)

d= escl(escl + ck) wr

e —

commit C2 constraints have to be satisfied by inserting delays into trigger inputs



Example with Z84 write i/f: using stricter (burst)

constraints

. o .
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Logic implementation:
a=cscl +escl + mr cscl = cse2 +ck a’ + sl (ck’ + wr)
mr="c5¢0 cscf a)’ cscl =csclck’ +escl ck

;
|

' T ne L - . csc2 = ck wr cscl cscl + csc2 (ck +wr
! wr =cscl’ +d” +csc2” wr ': )
Le-r=m=r=""""0 —

i d = cscl(cscO + ck) wr’

e -

commit C2 constraints have to be satisfied by inserting delays into trigger inputs



STG synthesis problems

Problem 5.1 Gwen a Timing Diagram specification (or better say, an Event Graph, whose arcs
are annotated with timing constraints), synthesize an ‘equivalent’ STG with three types of ares (or
places and arcs if choice is involved): “ummediate causality” arcs, “delayed causality” arcs and
“input order” arcs.

Problem 5.2 Find an optimal (speed/area of future logic) asynchronous schedule in terms of
“precedence” (b always occurs after a) and “delayed precedence” (b always occurs after a with a

delay of 6 units 4) arcs that satisfies the original Tvming Diagram (Event Graph).
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