INTEGRATED DEVICE 14 D WE 4325771 0003607 4 WN : :

CMOS DUAL-PORT RAM ~ IDT 713425 .
- 32K (4K x 8-BIT) | - IDT71342L
Integrated DeviceTochnologyne.||  WITH SEMAFHORE ' ' S

T-46 -23-3|
FEATURES: DESCRIPTION: :
o High-speed access . - TheIDT71342is an extremely high-speed 4K x 8 dual-portstatic
— Military: 45/55/70ns {(max.) RAM with full on-chip hardware support of semaphore signalling
— Commerclal: 35/45/55/70ns (max.) between the two ports. -
t " The IDT71342 provides two independent ports with separate
e Low-power operation ) control, address and 1/O pins that permit independent, asynchro-
— IDT71342S . - nous access for reads and writes to any location in memory.To
Active: 500mW (typ.) o asslstin arbltrating between ports, a fully Independent semaphore
Standby: SmW {typ.) . . loglc block Is provided. This block contains unassigned flags
‘ 5 - which can be accessed by either side; however, only one side can
— IDT71342L FE controlthe flag at any time. An automatic power down feature, con-
Active: 500mW (typ.) ot trolled by CE and SEM, permits the on-chip circultry of each port
Standby: TmW (typ.) 2o ' -, . ‘toenteravery low standby power mgude {both CE and SEM high).
; : . . ’ Fabricated using IDT’s CEMOS™ high-performance technol-
e Fully asynf:hronous operation from either port . _ - - ogythisdevice typically operates on only 500mW of power at maxi-
e Full on-chip hardware support of semaphore signalling : mum access times as fast as 35ns. Low-power (L) verslons offer 3
between ports battery backup data retention capability, with each port typically
e Battery backup operatlon—2V data retention - consuming 200uW from a 2V battery. The device is packaged in -1
o TTL-compatible; single+5V(x10%) power supply . elther a hermetic 52-pin leadless chip carrier or a 52-pin PLCC.
e Available in popular hermetic and plastic packages _The IDT71342 military devicas are manufactured incompliance
e Military product compliant to MIL-STD-883, Class B with the latest revision of MIL-STD-883, Class B.
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IDT71342S AND IDT71342L. CMOS

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

T o233

LCC/PLCC ' -7
- TOP VIEW ..
ABSOLUTE MAXIMUM RATINGS ! CAPACITANCE (T5= +25°C, t = 1.0MHz)
SYMBOL RATING COMMERCIAL] MILITARY | UNIT SYMBOL| PARAMETER() CONDITIONS | MAX. | UNIT
Terminal Voltage : =
Viery | With Respectto -05t0 +7.0 |-06t0 +7.0] V On__ | Input Capacttance Vin= OV LA pF
GND Cour | Output Capacitance ]  Vour= oV 11 pF
Operating NOTE:
T; - °
A Temperature 0to +70 5510 +125 c 1. This parameter Is determined by device characterization butis notpro-
duction tested.
Tews | Lomperature 5510 +125 |-651t0 +135| °C
Storage N ~ 1
| Tempertrs i ikl RECOMMENDED OPERATING
Py Power Dissipation 15 15 w
. TEMP VOLTA
o |bco oot 50 o y T ERATURE AND SUPPLY VOLTAGE
— GRADE AMBIENT GND v
NOTE: - TEMPERATURE el
1. Stresses greater than those listed under ABSOLUTE MAXIMUM HAT- Milltary -55°C to +125°C ov 5.0V = 10%
INGS may cause permanent damage to the device. This Is a stress rat-
ing only and functional operation of the device at these or any other Commerclal |  0°Cto +70°C o 5.0V £ 10%

conditions above those indicated In the operational sections of this
specificationis notimplied. Exposuratoabsolutemaxxmumrahngcon-

ditions for extended periods may affect refiability. RECOMMENDED DC OPERATING CONDITIONS

SYMBOL PARAMETER MIN. | TYP. | MAX, | UNIT
Veo Supply Voltage . 45 5.0 6.5 v
GND Supply Voltage ™ 0 o 0 v
Vi Input High Voftage | 22 | — | 60 v
Vi Input Low Voltage -0.5(0 - 0.8 v

NOTE:

1.V, (min) = -3.0V for pulse width less than 20ns.
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INTEGRATED DEVICE

IDT71342S AND IDT71342L CMOS
DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE

L4e D

ol -
MILITARY AND COMMERCIAL TEMPERATURE RANGES

W 4825771 0003609 &

DC ELECTRICAL CHARACTERISTICS OVER THE

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (Vcc. sov 4.-10%)

T‘/b'&? cL

IDT713428 * . IDT71342L :
SYMBOL PARAMETER TEST CONDITIONS MIN. vax | MmN, MAX uNIT
IRl Input Leakage Current Voo = 5.8V, Viy = OWlo Ve - - 10 - ] RA
ol Output Leakage Current CE = Wiy, Vour = OVto Voo - 10 - 5 pA
= - ) - 4 -
Vor Output Low Voltage o = 6mA 04 0 v
lo, = 8mA - 05 - 05 .
Vou Oufput High Voltage loy= -4mA 24 - 24 - Y}
DC ELECTRICAL CHARACTERISTICS OVER THE
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE ® (Voo = 5.0V £10%)
[;MBOL PARAMETER TEST CONDITION] VERSION |DT71342X35(‘) IDT71342x45 iDT71342x55 IDT71342x70 UNIT
TYP@ max. [1Tvr2  max.] Tve.®  Max. | TYvP®  MAX.
- CE=V
Dynamic Operatl e s 100 240 | 100 230 | 100 230
y pereind  |Qutputsopen (ML | 100 200 | 100 180 | 100 180
'cc Current (Both Porls SEM = Don't Care mA
Active) = comL S 100 200 | 100 200 | 100 200
1 = fyaxl® L 160 | 100 160 | 100 160
gynamlc Operatng |CE = =V MIL. s 130 85 130 85 130
ley | Current SEM =V : L 110 | 85 110 | 85 10 [ A
(Semaphores Oulputs Open | eomy| s 85 130 130 | 85 130
Both Sides) 1= fuax® L 85 100 | 88 100 | 85 100
s Standby Cumrent _E-L = E-ER >V ML f 25 70 25 70 25 70
+ | (Both Ports—TTL  |szir . a2y mA
SEM, = SEMp 2V, T8 25 70 | 25 70 25 70
Level Inputs) f=fy® " [COMLI P 25 40 | 25 40 25 40
8 orCE- > V. (3 50 160 | 50 150 | 50 150
Standby Cument | oo port s | M | L 50 130 120 | 80 120
Isg2 | (One Port—TTL Open, = 'MAX%) s p” Py e s = mA
Level Inputs Open, = lu .
nputs) SEM_ =SEMg = Viu| COM'L] 50 100 | 50 100 | &0 100
Both Ports CE, and s 1.0 30 | 10 30 [ 10 30
Full Standby Current CEaxVeo-02v |MIL | L 02 10 | 02 10 02 10
lssa | (Both Ports~ Viv 2 Voo -02V or mA
All GMOS Level n < 02V s 1.0 15 | 10 15 | 10 15
Inputs) SEM| = SEMp = (comt| L 02 40 | 02 40 02 4.0
Vg -0.2V, 1 = 003}
OnoPortCELor | | s 80 130 | 50 120 | s0 120
N par %dby cument c\:/E Az \)/oc -0.2v L 45 100 | 45 9% 45 %)
u TT -
'ss | (One Port—All CMOS iy 2 §°2v°'zv or mA
Level Inputs) | S eV .18 45 110 | 45 10 | 45 110
Open‘ f= fMAX(S)
NOTES:

1. "x" In part numbers indicates power rating (S or L).

Vee =

standby, I

BV, T, = +25°C

» 1583

. 0°Cto +70°C temperature range only.

2.
3 fuax = 1/150 = Allinputscyclingatf = 1 Rﬁc(except Output Enable) f = 0 means no address or control lines change. Applies only to inputs at CMOS [evet
4,
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INTEGRATED DEVICE

IDT71342S AND IDT71342L CMOS

L4E D M '-IBEE??I DUUEH:].D 4 -

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES“) ] q b-zg’gl '
L Verslon Only) Vig= 0.2V, Vi = Voo 0.2V

SYMBOL PARAMETER TEST CONDITION MIN. TYPM MAX. UNIT
Voa Vee for Data Retention - 20 - - v
v MIL. - 100 4000
lecon Data Retention Cumrent Yeo = 2V WA
: - . C8aVie comL| - 100 1500
teoal® Chip Deselect to Data Retention Time Vin 2 Vo or< Vi 0 - - ns
g Operation Recovery Time tacl@ - - ns
NOTES: .

1 Vo= 2V, Ta= +25°C
2. tgc = Read Cycle Time

8. Thisparameter is guaranteed but not tested

. LOW V;c DATA RETENTION WAVEFORM

DATA RETENTION MODE

45v ( Vor 2 2V

AC TEST CONDITIONS

7| a5v

. . v
— 7 - \ oA
CE ZZ‘ZZ?\[M

Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.6V
Qutput Load See Figures 1 &2
&V &V
I i
3 12500} $ 125000
DATAour DATA oyt
<&
77503 T 30pF* 77503 T 5pF*
ar 4

Figure 1. Output Load

* Including scope and fig.

Flgure 2, Output Load
- (for ‘Lz,tHz,‘wZ:tow)
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INTEGRATED DEVICE 14E D MM 4825771 0003611 L M

Aty AL

IDT71342S AND |DT71342L CMOS ) - - T s et

i

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE - MILITARY AND COMMERCIAL TEMPERATURE RANGES ;%
R !
AC ELECTRICAL CHARACTERISTICS OVER THE R S SN "No 23 =/ %
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE . T - 3
. IDT71342835(9 IDT71342845 | IDT71342555 1DT71342870 ‘
SYMBOL PARAMETER 1DT71342L35 ) IDT71342L45 IDT71342L55 IDT71342L70 UNIT .
) MIN. MAX. MIN. MAX. | MIN. MAX. | MIN. MAX. 3
READ CYCLE : . - 3
tae Read Cycle Time 45 -~ 55 -1 70 - - ns i
tas Address Access Time - ~ 45 - 551 - 70 ns 3
tice | Chip Enable Access Time®) - 4 | - 55| - 70 ns H
taoe | Output Enable Access Time - 26 - 30| - 40 ns -3
tou | Output Hold From Address Change 5 - 5 -1 5 - ns
4z Qutput Low Z Time 1.2 5 - 5 - 5 - ns .
tyz | Output High Z Time!!# — s | - 0] - 40 ns
tey Chlp Enable to Power Up Time!? 0 - 0 - 0 - ns z
teo Chip Disable to Power Down Time 2 - 50 - 50 - 60 ns
tsop | SEM Flag update Pulss (OF or SI:'M) 15 - |2 -] 20 - ns
twoo | Write Pulse to Data Delay - 70 - go| = 90 ns
toop | Write Data Valid to Read Data Delay'? - 45 - 55| - 70 ns
NOTES:
1. Transition is measured £500mV fram low or high impedance voltage with load (Figures 1 and 2).
2. This parameterls guaranteed but not tested.
3. Toaccess RAM, CE = V., SEM = V. To access semaphore, CE =V, SEM = V.
4, Portto Port delay through RAM cells from wriling port to a reading port.
5, 0°Cto +70°C temperature range only.
TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER SIDE % -
o - ‘
— _
ADDRESS __;( ;
taa i
DATA our PREVICUS DATAVALD K X X }( DATAVALID
1
TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE ¥
tsop tace
CEor N £
SEM & ] ; ’
tsop taoe tuz
= —\ 1
[— 5 tiz >
. 7 .
DATA oyt —t DATA VALID  am—
. tLZ ; R
- FD ) B
oo — tpu—.‘ : N
CURRENT % 50% o 50% 3
lgs - : - . .
NOTEE .
1. R/W s high for Read Cycles.
2. Device Is continuously enabled, TE = V, . This waveform cannot be used for semapthiore reads.
3. Addresses valid prior to or colncident with TE transition low.
4, Di = Vu_
5.

To access RAM, TF = Vi, SEM = V. To access semaphore, CE = Vi, SEM = V.

§5-91 3
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INTEGRATED DEVICE

IDT71342S AND IDT71342L CMOS
DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE

14E D WM 4825771 D003L12 & mm

MILITARY AND COMMERCIAL TEMPERATU RE RANGES

TIMING WAVEFORM OF READ WITH PORT-TO-PORT DELAY 2 .

Tq6-2331

- fe two
ADDRy : )E _ . MATCH )(
-. - - : twe
_an . R Ll A( . SN : // .
NE . o ton. w
DATAN r VALID
ADDR - X MATCH
twop
I DATAoyr L VALID
N - St
- DDD
NOTES: T :
1. Write Cycle parameters should be adhered to, to ensurs the proper writing.
2. Device Is continously enabled for both ports.
i
§5-92
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INTEGRATED DEVICE

iDT71342S AND IDT71342L. CMOS

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE

L4E D

B 4825771 UDEIEH:LB T |

MILITARY AND COMMERCIAL TEMPERATURE RANGES'

AC ELECTRICAL CHARACTERISTICS OVER THE -
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE

\T~H6-233/

IDT71342835(9 IDT71342545 IDT71342855 IDT71342870 :
SYMBOL PARAMETER IDT71342L35 & IDT71342L45 IDT71342L55 IDT71342L70 UNIT
. MIN. MAX. MIN. MAX, | MIN. MAX.] MIN. MAX.

WRITE CYCLE ’

twe Write Cycle Time 35 45 - 55 -1 70 - ne

tgy | Chip Enable to End of Write® 30 40 50 -] 0. - ns

taw Address Valid to End of Write 30 40 50 - | 60- — ns

tas Address Set-up Time 0 0 0 - 0 - ns -

twp Wirite Pulse Width 30 40 - 50 - 60 - ns

tur Wirite Recovery Time (1] (1] - 0 = 0 - ns

fow | Data Valid to End of Write 20 20 = 125 -1 3 - ns -

Yy Output High Z Time (- - 20 - 25| = 30 ns

tou Data Hold Time ™ 3 - 3 - 3 - ns

t Write Enable to Outputin - 20 - 25 - 30 ns

WZ [ Highz(2

tow Output Active From End of Write (.24 3 - 3 - 3 - ns

tswrn | SEM Flag Write fo Read Time 10 - 10 - 10 - ns

Ysps SEM Flag Contention Window 10 - 10 - 10 - ns

NOTES:

1. Transition is measured £500mV from low or high impedance voltage with load (Figures 1 and 2).

2 This parameter is guaranteed but not tested,

3. Toaccess RAM, CE = V|, SEM = V. To access semaphore, CE = \4H, SEM = V. This condition must be valid for entire tgwtlme

4. Thespecificationfortp,; mustbe metby the device supplying write data tothe RAM under alll operating conditions. Although tp,; and tp,, values wﬂlvary
over voltage and temperature, the actual tpy wm always be smaller than the actual tqy .

5. 0°Cto +70°C temperature range only.
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INTEGRATED DEVICE 14E D WM 4825771 0003LLY 1

IDT713428 AND IDT71342L CMOS LT - . .-
DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1, R/W CONTROLLED TIMING %7 - qb '23 =/

twe pt
ADDRESS \< . - )(
/]
(L E—
OE 4
/]
- taw
CEor N yd
SEM @ ts B twpm " tn je—
RAW ) //
tow
DATA oyr .
e—— tow ton N
rd
DATA 1y -

TIMING WAVEFORM OF WRITE CYCLE NO. 2, CE CONTROLLED TIMING ¢.2.%9

l_ ' .
amess X

taw
CEor / d
SEM @ . t
R \ - /
— toy ton
DATA D ———

NOTES:

1. R/W must be high during all address transitions. .

A write oceurs during the overlap {tgy or §y¢) of a low OF or SEM and a low R/W.

twa Is measured from the earfier of CE or RW (or SEM or R/W) going high to the end of write cycle.

During this period, the 1/O pins are in the output state, and Input signals must not be applled. .

. If the CE or SEM low transition occurs simuitaneously with or after the RAW low transition, the outputs remaln In the high impedance state,

Transition Is measured +600mV from steady state with a SpF load (including scope and jig). This parameter is sampled and not 100% tested.

. i OE Is low during a R/W controlled write cycle, the write pulse width must be the larger of twp or {twz + tow ) to allow the 1/O drivers to tum off
and data to be placed on the bus for the required tp,,. if OF Is high during an R/W controlled write cycle, this requirement does not apply and the
wite pulse can be as short as the specified typ.

8. To access RAM, CE = Vi, SEM = Vi, To access semaphare, EE = Vi, SEM = V.. Either condition must be valid for the entire tewtime.

NooasGp
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MILITARY AND COMMERCIAL TEMPERATURE RANGES

INTEGRATED DEVICE L4E D
IDT71342S AND IDT71342L CMOS

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE
TIMING WAVEFORM OF SEMAPHORE READ AFTER WRITE TIMING, EITHER SIDE o 7 L’ b 23 3 /

'Ao—>Ag' M( 7 VALID.ADDRES;. XXXXX)( VALID ADDRESS )@M
& N 711 e L VA
o Aﬂ%ﬂ%ﬂ/QW%0%0%0%0%“0”%7ZF“ﬁw—’\ SN

NOTE:
1. CE = Viy for the duration of the abave timing (both write and read cycle)

TIMING WAVEFORM OF SEMAPHORE CONTENTION (249

P _
| match

SIDE@ A" < RW,

SEM, .
. R tsps———P
-
Aga- Azg . - MATCH X
spE@-s* { RWa N
SEMg /f

NOTES . k
1. = Do, = Vp,CEq=CE = VH semaphore Flag is released from both sides (reads as ones from both sldes) at cycle start,
2. Elther side "A” =left and side “B" =right, or side "A”= rlght and side "B" =left.

re R/WA or SEMA goes high unti R/WB or SEMB goes high.

but there Is no guarantee which side will obtain the flag

3. This parameter ls measured from the point whe
4. lftgpg Is violated, the semaphore will fall positively to one side or the other,

ad

o

. §5-95
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INTE—GRATED DEVICE

1DT713428 AND IDT71342L CMOS

L4E D WM 4835771 0003Llk S BN

Sy den

MILITARY AND COMMERCIAL TEMPERATURE RANGES'

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE

FUNCTIONAL DESCRIPTION o oot
The IDT713421s an extremely fast dual-port 4K x 8 CMOS static

RAM with an additional 8 address locations dedicated to binary

semaphors flags. These flags allow elther processor on the left or

right side of the dual-port RAM to claim a privilege over the other ~
processor for functions defined by the system designer’s software, ~ -

As an example, the semaphore can be used by one processor to
inhibit the other from accassing a portion of the dual-port RAM or
any other shared resource. i -

The dual-port RAM features a fast access time, and both ports
are completely Independent of each other. This means that the
activity on the left port in no way slows the access time of the right
port. Both ports are [dentical in function to standard CMOS static
RAMSs and can be read from, or written to, at the same time with the
only possible conflict arising from the simultaneous writing of, ora
simultaneous READ/WRITE of, a non-semaphore location, Sema-
phores are protected against such ambiguous situations and may
be used by the systerm program to avoid any contfiicts in the non-
semaphore portion of the dual-port RAM. These devices have an
automatic power-down feature controlled by CE, the dual-port
RAM enable, and SEM, the semaphore enable. The CEand SEM
pins control on-chip power down circuitry that permits the respec-
tive port to go Into standby mode when not selected. This is the
condition which Is shown in Table | where CEand SEM are both
high.

Systems which can best use the IDT71342 contaln multiple
processors or controllers and are typically very high-speed sys-
tems which are software controlled or software intensive. These
systems can benefit from a performance increass offered by the
IDT71342's hardware semaphores, which provide a lockout
mechanism without requiring complex programming.

Software handshaking between processors offers the maximum
In system flexibllity by permitting shared resources to be allocated
In varylng configurations. The 1DT71342 does not use its sema-
phore flags to control any resources through hardware, thus allow-
Ing the system deslgner total flexibility In system architecture.

An advantage of using semaphores rather than the more com-
mon methods of hardware arbitration Is that wait states are never
Incurred in either processor. This can prove to be a major advan-
tage In very high-speed systems. :

HOW THE SEMAPHORE FLAGS WORK

The semaphore logic Is a set of eight latches which are inde-
pendent of the dual-port RAM. Theselatches canbe usedtopassa
flag, or token, from one port to the other to indicate that a shared
resource s In use. The semaphores provide a hardware assist fora
use assignment method called “Token Passing Allocation.” In this
method, the state of a ssmaphore latch is used as a token indicat-
ing that a shared resource Is in use. If the left processor wants to
use this resource, It requests the token by setting the latch. This
processor then verifies its success in setting the latch by reading it.
If it was successful, it proceeds to assume control over the shared
rgsource. if it was not successful in setting the latch, It determines
that the right side processor had set the latch first, has the token

TYo-23-7/

- The elght semaphore fiags reside within the IDT71342 Ina ~

separale memory space from the dual-port RAM. This address
space is accessed by placing a low input on the SEM pin (which
acts as a chip select for the semaphore flags) and using the other
control pins {Address, OE, and R/W) as they would be used in ac-
cessing a standard static RAM. Each of the flags has a unlque ad-
dress which can be accessed by elther side through address pins
Ao - Az. When accessing the semaphores, none of the cther ad-
dress pins has any effsct, =

When writing to a semaphore, only data pin Dy Is used. Ifa low

level is written into an unused semaphore location, that flag will be .

setto a zero on that side and a one on the other (see Table 1), That
semaphore’ can now only be modified by the side showing the
zero. When a one Is written into the same location from the same
side, the flag will be setto a one for both sldes (unless a semaphore
request from the other side is pending) and then can be written to
by both sides. The factthat the side which is able to write a zero into
a semaphore subsequently tocks out writes from the other side is
what makes semaphore flags useful in interprocessor communica-
tions. (A thorough discussion on the use of this feature follows
shortly.) A zero written into the sama location from the other side
will be stored in the semaphore request latch for that side until the
semaphore Is freed by the first side.

- . When a semaphore flag Is read, its value Is spread into all data

bits so that a flag that Is a one reads as a one In all data bits and a
flag containing a zero reads as all zeros. The read value Is latched

- . Into one side’s output register when that side's semaphore select
" (SEM) and output enable {OE) signals go active. This serves to

disallow the semaphore from changing state inthe middle of aread
cycle due to a write cycle from the other side. Because of this latch,
a repeated read of a semaphore in a test loop must cause either
signal (SEM or OE) to go Inactive or the output will never change.

Asequence of WRITE/READ must be used by the semaphorein
order to guarantes that no system level contention will occur. A
processor requests access to shared resources by attempting to
write a zero into a semaphore location. If the semaphore Is already
In use, the semaphore request latch will contain a zero, yet the

- semaphore flag will appear as a one, a fact which the processor will

verify by the subsequent read (see Table !i). As an example, as-

- sume a processor writes a zero to the left port at a free semaphore

location. On a subsequent read, the processor will verify that it has
written successfully to that location and will assume contro! over
the resource In question. Meanwhile, if a processor on the right
side attempts to write a zero to the same semaphore flag it will fall,

. aswlll be verified by the fact that a one will be read from that sema-

and s using the shared resource. The left processor can then either ~

repeatedly request that semaphore’s status or removas its request
for that semaphore to perform another task and occasionally
attempt again to gain contro! of the token via the set and test
sequence. Once the right side has relinquished the token, the left
side should succeed In galning control.

The semaphore flags are active low. A token Is requasted by
writing a zero Into a semaphore latch and Is released when the
same slde writes a one to that latch. .

phore on the right side during a subsequent read. Had a sequence
of READ/WRITE been used Instead, system contention problems
c'ould have occurred during the gap between the read and write cy-
cles.

It Is important to note that*4 failed semaphore request must be
followed by either repeated reads or by writing a one into the same
location, The reason for this is easily understood by looking at the
simple logic diagram of the semaphore flag in Figure 3. Twosema-
phore request latches feed into a semaphore flag. Whichever latch
Is first to present a zero to the semaphore flag will force its side of
the semaphore flag low and the other side high. This condition will
continue unti! a one is written to the same semaphore requestlatch,
Should the other slde's semaphora request latch have been written
to a zero in the meantime, the semaphore flag will flip over to the

" other side as soon as a one Is written into the first slde’s request

latch. The second side’s flag will now stay low until its semaphore
request latch is written to a one. From this it Is easy to understand
that, if a semaphore Is requested and the processor which re-
quested it no longer neads the resource, the entire system can
hang up untll a one is written into that ssmaphore request latch.

$5-96
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TABLE 1—-NON-CONTENTION READ/WRITE CONTROL

__LEFT OR RIGHT PORT ,‘:UNCT,ON ) .
RW | CE| SEM| OE| Dos e . = oo
X H-| H X z Port Dlsabled and in Power Down ) w
Mode 2 - P
Hlu| L|tL DATA;m 3?323 i:";zftm“’ F'ag NI S e, L . .
X x| x |H Z Output Disabled - - .
Flu| v | x|paay ;ﬁ:ﬁi}'.’;’gw"“"" " ; S
HiL H | L | DATAgur] Datain Memory Output on Port d - - " .
L 1Ll H.|x|DaTAx | DataOn Port Written Inte Memory : .
X[L] L {X - Not Allowed : ®
NOTE: . e e A
1. AoL-Ap*Acr-A;n - :
. H=HIGH,L = LOW, X = DONT CARE Z HIGH IMPEDANCE
. _J= Low-o-High transmon R TR
TABLE Il—EXAMPLE SEMAPHORE PROCUREMENT SEQUENCE 77 e
] FUNCTION Do - D7 LEFT Dy - D7 RIGHT STATUS o
NoAction - : i L T £ Semaphore free ’ _
Left Port Writes “0” to Semaphore 0 1 Left port has semaphore token ’ A
Right Port Writes "0 to Semaphore S IR 1 ) :;z::?g:emg::ze has no write .
Left Port Writes 17 to Semaphore 1 ) 0 Right port obtains semaphors token T o a
Left Port Writes "0 fo Semaphore | .~ 1 o :;:::’t‘g;'::pﬁzfehas o write A
Right Port Writes “1” to Semaphoare 0 1 Left port obtains semaphore token
Left Port Writes “1” to Semaphore 1 1 Semaphore free
Right Port Writes "0” to Semaphore 1 0 Right port has semaphare token
Right Port Writes “1” to Semaphore 1 1 Semaphore free .
Left Port Writes “0” to Semaphore 0 1 Left port has semaphore token
Left Port Writes 1" to Semaphore 1 1 Semaphore free
NOTE:

1. This table denotes a sequence of events for only one of the elght semaphores on the IDT71342.
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The critical case of semaphore timing Is when both sides re-
questa single token by attempting to write a zero into it at the same
time. The semaphore logic is specially designed to resolve this
problem. If simultaneous requests are made, the logic guarantees
that only one side receives the token. If one side Is earlier than the
other in making the requsst, the first side to make the request will
receive the token. If both requests arrive at the same time, the as-
slgnment will be arbitrarily made to one port or the other.

One caution that should be noted when using semaphores Is
that semaphores alone do not guarantee that access to a resource
is secure. As with any powerful programming technique, if sema-
phores are misused or misinterpreted, a software error can easily
happen. Code Integrity Is of the utmost importance whan sema-
phores are used Instead of slower, more restrictive hardware inten-
sive schemes. . .

Initfalization of the semaphores Is not automatic and must be

handled via the Initialization program at power up. Since any

“semaphore request flag which contalns a zero must be resetto a
one, all semaphores on both sides should have a one written into

. them at Initialization from both sides to assure that they will be free
when needed.

USING SEMAPHORES —Some Examples

Perhaps the simplest application of semaphores is their appli-
cation as resource markers for the IDT71342's dual-port RAM. Say
the 4K x 8 RAM was to be divided into two 2K x 8 blocks which were
1o be dedicated at any one tima to servicing either the laft or right
port. Semaphore 0 could be used to indicate the side which would
control the lower section of memory, and Semaphore 1 could be
defined as the indicator for the upper section of memory.

To take a resource, In this example the lower 2K of dual-port
RAM, the processor on the left port could write and thenread azero
Into Semaphore 0. ifthis task were successfully completed (a zero
was read back rather than a one), the left processor would assume
control of the lower 2K. Meanwhlle, the right processor would at-
tempt to perform the same function. Since this processor was at-
tempting to gain control of the resource after the left processor, it
would read back a one in response to the zero it had attempted to
wrlte Into Semaphore 0. At this point, the software could chooss to
try and gain control of the second 2K section by writing, then read-

L PORT
SEMAPHORE
REQUEST FLIP FLOP

Dp,——| D o [O——

T-4b-23-3/

ing a Zero into Semaphore 1. If it succeeded In galning control, It -

would lock out the left side.

Once the left side was finished with its task, it would write a one
to Semaphore 0 and may then try to gain access to Semaphore 1. if
Semaphors 1 wasstill occupled by the right side, the left side could
undo its semaphare request and parform other tasks until it was
able to write, then read a zera into Semaphors 1. ifthe right proces-
sor performs a similar task with Sermaphore 0, this protocol would

allow the two processors to swap 2K blocks of dual-port RAM with -

each other. :

Theblocks donothaveto be any particular size and canevenbe
varlable, depending upon the complexity of the software using the
semaphore flags. All eight semaphores could be used to divide the
dual-port RAM or other shared resources Into eight paris. Sema-

phores can even be assigned different meanings on different sides .

rather than being given a common meaning as was shown in the
example above. s -

Semaphoares are a useful form of arbitration in systems like disk
Interfaces where the CPU must be locked out of a section of mem-
ory during a transfer and the 1/O davice cannot tolerate any walt
states. With the use of semaphores, once the two devices had de-
termined which memory area was “off limits” to the CPU, both the
CPU and the 1/O devices could access thelr assigned portions of
memory continuously without any wait states.

Semaphores are also useful in applications where no memory
"WAIT" state Is avallable on one or both sldes. Once a semaphore

handshake has been performed, both processors can access thelr_

assigned RAM segments at full speed.

Another application Is inthe area of complex data structures. In
this case, block arbitration is very important. For this application
one processor may be responsible for bullding and updating a
data structure. The other processor then reads and interprets that
data structure. If the Interpreting processor reads an incomplete
data structure, a major error condition may exist. Therefors, some
sort of arbitration must be used betwsen the two different proces-
sors. The bullding processor arbitrates for the block, locks it and
thenisableto go In and update the data structure. When the update
Is completed, the data structure block Is released. This allows the
interpreting processor to come back and read the complete data
structure, thereby guaranteelng a consistent data structure.

R PORT

SEMAPHORE
REQUEST FLIP FLOP

— o Df—— D,

WRITE ~————

a——— WRITE

SEMAPHORE .
READ

SEMAPHORE
> READ

SEMAPHORE LATCH

FIGURE 3. IDT71342 Semaphore Logic
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ORDERING INFORMATION

DT 0K A 999 A A
DeviceTyps Power  Speed Package _ Process/
. Temperature
Range

%L

L

3858

wnr

—| 71342

o TAY6233

Commercial (0°C to +70°C)
Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

pLCC
Lcc

Commercial Only E .
Speed in Nanoseconds

Low Power
Standard Power .

32K (4K x 8-Bit) Dual-Port RAM w/Semaphore
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