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HIGH-SPEED
16K X 16 DUAL-PORT
STATIC RAM

IDT7026S/L

Features
¢ True Dual-Ported memory cells which allow simultaneous
access of the same memory location
¢ High-speed access
- Military: 20/25/35/55ns (max.)
- Industrial: 55ns (max.)
— Commercial: 15/20/25/35/55ns (max.)

plexed bus compatibility

IDT7026 easily expands data bus width to 32 bits or more
using the Master/Slave select when cascading more than
one device

M/S = H for BUSY output flag on Master,

M/S = L for BUSY input on Slave

¢ Low-power operation ¢ On-chip port arbitration logic
- IDT7026S * Full on-chip hardware support of semaphore signaling
Active: 750mW (typ.) between ports
Standby: 5mW (typ.) * Fully asynchronous operation from either port
- IDT7026L ¢ TTL-compatible, single 5V (+10%) power supply
Active: 750mW (typ.) ¢ Available in 84-pin PGA and 84-pin PLCC
*

Standby: 1mW (typ.) Industrial temperature range (-40°C to +85°C) is available
¢ Separate upper-byte and lower-byte control for multi- for selected speeds

Functional Block Diagram
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NOTES: 2939 drw 01

1. (MASTER): BUSY is output; (SLAVE): BUSY is input.
2. BUSY outputs are non-tri-stated push-pull.
JANUARY 1999

©1999 Integrated Device Technology, Inc. DSC 2738/8
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM

Description

The IDT7026 is a high-speed 16K x 16 Dual-Port Static RAM. The
IDT7026is designed to be used as a stand-alone Dual-Port RAM or as
acombination MASTER/SLAVE Dual-Port RAM for 32-bit-or-more word
systems. Usingthe IDT MASTER/SLAVE Dual-Port RAM approachin 32-
bitor wider memory systemapplicationsresults infull-speed, error-free
operation withoutthe need foradditional discrete logic.

This device provides two independent ports with separate control,
address, and /O pinsthat permitindependent, asynchronousaccess for
reads or writes to any location in memory. An automatic power down

Pin Configurations!:23

Military, Industrial and Commercial Temperature Ranges

feature controlled by CE permitsthe on-chip circuitry of each portto enter
a very low standby power mode.

Fabricated using IDT's CMOS high-performance technology, these
devices typically operate on only 750mW of power.

The IDT7026 is packaged in a ceramic 84-pin PGA, and a 84-pin
PLCC. Military grade productis manufacturedin compliance with the latest
revision of MIL-PRF-38535 QML, making it ideally suited to military
temperature applications demanding the highestlevel of performance and
reliability.
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NOTES:
1. All Vec pins must be connected to the power supply.
2. All GND pins must be connected to the ground supply.
3. Package body is approximately 1.15 in x 1.15 in x .17 in.
4. This package code is used to reference the package diagram.
5. This text does not indicate orientation of the actual part-marking.
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM

Pin Configurations":>3 (con't.)

Military, Industrial and Commercial Temperature Ranges
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2939 drw 03
NOTES: e
1. Al Vcc pins must be connected to power supply.
2. All GND pins must be connected to ground supply.
3. Package body is approximately 1.12 in x 1.12 in x .16 in. = =
4. This package code is used to reference the package diagram. Maximum operat|ng1 '!'emperature
5. This text does not indicate orientation of the actual part-marking. and Su pply Voltage( 2)
Ambient
Grade Temperature GND Vee
Pin Names Military B5C 10+125°C | OV 5.0V + 10%
Left Port Right Port Names Commercial 0°C to +70°C ov 5.0V + 10%
CEL CER Chip Enable Industrial 40°Cto +85°C | OV 5.0V £ 10%
RAWL RWR Read/Write Enable NOTES: 2039 11 02
FaTsd F 1. This is the parameter Ta.
t Enabl
OFL OFR Output Enable 2. Industrial temperature: for other speeds, packages and powers contact your
AdL - A13L AOR - A13R Address sales office.
I/O0L - VO15L I/O0R - VO15R Data Input/Qutput
H 1 - -
SEML SEWR Semaphore Enable Capacitance!V) (Ta=+25°C, f=1.0mhz)
UBL UBR Upper Byte Select Symbol Parameter Conditions® | Max. | Unit
BL LBR Lower Byte Select CIN Input Capacitance VIN = 3dV 9 pF
BUSYL BUSYR Busy Flag Cour | Qutput Vourt = 3dV 10 | pF
— Capacitance
WS Master or Slave Select NOTES: PR
vee Power 1. This parameter is determined by device characterization but is not production
tested.
GND Ground 2. 3dV represents the interpolated capacitance when the input and output signals
2939 ! 01 switch from OV to 3V or from 3V to OV.

Powered by ICminer.com Electronic-Library Service CopyRight 2003



IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM Military, Industrial and Commercial Temperature Ranges
Truth Table | - Non-Contention Read/Write Control
Inputs Outputs
CE RW OE UB B SEM /0815 11007 Mode
H X X X X H High-Z High-Z | Deselected: Power-Down
X X X H H H High-Z High-Z | Both Bytes Deselected
L L X L H H DATAN High-Z | Wiite to Upper Byte Only
L L X H L H High-Z DATAN | Write to Lower Byte Only
L L X L L H DATAIN DATAN | Write to Both Bytes
L H L L H H DATAour High-Z |Read Upper Byte Only
L H L H L H High-Z DATAoutr |Read Lower Byte Only
L H L L L H DATAour DATAout | Read Both Bytes
X X H X X X High-Z High-Z | Outputs Disabled
2939 tbl 04
NOTE:
1. Aol — A13L # AR — A13R.
Truth Table 11 - Semaphore Read/Write Control"
Inputs Outputs
CE RW OE UB B SEM /0815 /007 Mode
H H L X X L DATAout | DATAout |Read Data in Semaphore Flag
X H L H H L DATAout | DATAout |Read Data in Semaphore Flag
H T X X X L DATAN DATAN | Write /Oo into Semaphore Flag
X T X H H L DATAN DATAN | Write /Oo into Semaphore Flag
L X X L X L — — Not Allowed
L X X X L L — — Not Allowed
NOTE: 2939 b1 05
1. There are eight semaphore flags written to via 1/Oo and read from all I/0's (I/Oo-I/O15). These eight semaphores are addressed by Ao - Az.
Absolute Maximum Ratings'"

Symbol Rating Commercial Military Unit
VTERM® Terminal Voltage with Respect to GND -0.5 10 +7.0 -0.5 10 +7.0 v
Teas Temperature Under Bias 5510 +125 65 o +135 °C
TstG Storage Temperature 55 to +125 65 to +150 °C
lour DC Qutput Current 50 50 mA
NOTES: 2939 bl 06

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect reliability.

2. VTERM must not exceed Vec + 10% for more than 25% of the cycle time or 10ns maximum, and is limited to < 20mA for the period of
VTERM > Ve + 10%.
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM Military, Industrial and Commercial Temperature Ranges

Recommended DC Operating

Conditions
Symbol Parameter Min. | Typ. | Max | Unit
Vec | Supply Voltage 45 5.0 55 \%
GND | Ground 0 0 0 \%
VH | Input High Voltage 22 — | 602 ]| v
ViL | Input Low Voltage 050 — [ o8 | Vv
NOTES: 2939 1ol 07

1. ViL> -1.5V for pulse width less than 10ns.
2. VTERM must not exceed Vcc + 10%.

DC Electrical Characteristics Over the Operating
Temperature and Supply Soltage Range (vcc=5.0V + 10%)

70265 7026L
Symbol Parameter Test Conditions Min. Max. Min. Max. Unit
(L] Input Leakage Current Voe = 5.5V, Vin= 0V o Ve — 10 — 5 pA
[ILof Output Leakage Current CE = VH, Vour = 0V fo Vce — 10 — 5 PA
Vou Output Low Voltage loL = 4mA — 0.4 — 0.4 \Y
VoH Output High Voltage loH = -4mA 24 — 24 — \

2939 thl 08
NOTE:

1. At Vce = 2.0V, input leakages are undefined.

AC Test Conditions

Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load Figures 1 and 2
2939 b1 09
893Q
DATAouT
BUSY
347Q — 30pF
4
2939 drw 04 2939 drw 05
Figure 1. AC Output Test Load Figure 2. Output Test Load

(for tiz, tHz, twz, tow)
* Including scope and jig.
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM

Military, Industrial and Commercial Temperature Ranges

DC Electrical Characteristics Over the Operating
Temperature and Supply Voltage Range!"'% (con't.) (vcc = 5.0V £ 10%)

7026X15 7026X20 7026X25
Com’l Only Com’l & Com’l &
Military. Military
Symbol Parameter Test Condition Version Typ.? | Max | Typ.® | Max | Typ.? | Max | Unit
lcc Dynamic Operating Cument CE = VL, Outputs Open COM'L S 190 325 180 315 170 305 mA
(Both Ports Active) SEM = VH L 190 285 180 275 170 265
f= fmax®
MIL & S — — 180 355 170 35
IND L — — 180 315 170 305
1581 Standby Current CEL=CER=VH COM'L S 35 95 30 85 25 85 mA
(Both Ports - TTL Level SEMR = SEML = VH L 35 70 30 60 25 60
Inputs) f= fuax®
MIL & S — — 30 100 25 100
IND L — — 30 80 25 80
IsB2 Standby Current CE"A" = VIL and CE"B"= VIH® COM'L S 125 220 115 210 105 200 | mA
{One Port - TTL Level Inputs) Acﬁ\;s(( 3l';’ort Outputs Open, L 125 190 115 180 105 170
=i
SEMR = SEML = VH MIL & S — — 115 245 105 230
IND L — — 115 210 105 200
IsB3 Full Standby Current (Both Both Ports CEL and COM'L S 1.0 15 1.0 15 1.0 15 mA
Ports - All CMOS Level CER 2 Vce - 0.2V L 0.2 5 0.2 5 0.2 5
Inputs) VN 2 Vce - 0.2V or
VN 0.2V, =09 MIL & S — — 1.0 30 1.0 30
SEMR = SEML 2 Vce - 0.2V IND L — — 0.2 10 0.2 10
IsB4 Full Standby Current CE"A" < 0.2V and COM'L S 120 195 110 185 100 170 | mA
(One Port - All CMOS Level | CEs" > Ve - 0.2v® L 120 170 110 160 100 145
Inputs) SEMR = SEML 2 Vce - 0.2V
VN2 Vce - 0.2V or VIN £ 0.2V MIL & S — — 110 210 100 200
Active Port Outputs Open, IND L — — 110 185 100 175
A
2939 bl 10
7026X35 7026X55
Com'l & Com’l, Ind
Military & Military
Symbol Parameter Test Condition Version Typ.? | Max | Typ.® | Max | Unit
Icc Dynamic Operating CE = VL, Outputs Open COM'L S 160 295 150 270 | mA
Current SEM = VH L 160 255 150 230
(Bot Ports Active) f = fmax®
MIL & S 160 335 150 310
IND L 160 295 150 270
IsB1 Standby Current CEL=CER=VH COM'L S 20 85 13 85 mA
(Both Ports - TTL Level SEMR = SEML = VH L 20 60 13 60
Inputs) f = fmax®
MIL & S 20 100 13 100
IND L 20 80 13 80
IsB2 Standby Current CE"A" = VIL and CE"B" = VIH® COM'L ] 95 185 85 165 | mA
(One Port - TIL Level Active Port Outputs Open, L 95 155 85 135
Inputs) Ea®
SEMR = SEML = VH MIL & S 95 215 85 195
IND L 95 185 85 165
IsB3 Full Standby Current Both Ports CEL and COM'L S 1.0 15 1.0 15 mA
(Both Ports - All CMOS CER 2 Vcce - 0.2V L 0.2 5 0.2 5
Level Inputs) VIN 2 VCC - 0.2V or
VIN< 0.2V, f= 0¥ MIL & S 1.0 30 1.0 30
SEMR = SEML 2 Vce - 0.2V IND L 0.2 10 0.2 10
IsB4 Full Standby Current CEA" < 0.2V and COM'L S 90 160 80 135 mA
(One Port - All CMOS CEs" > Ve - 0.2v® L 90 135 80 110
Level Inputs) SEMR = SEML 2 Vcce - 0.2V
VIN 2 VCC - 0.2V or VIN < 0.2V MIL & S 90 190 80 175
Active Port Outputs Open IND L 90 165 80 150
f=fuax®
NOTES: 2939 tol 11

1.
2.
3.

X" in part numbers indicates power rating (S or L).
Vee = 5V, Ta = +25°C, and are not production tested. lccoc = 120mA (Typ.)
At f = fmax, address and control lines (except Output Enable) are cycling at the maximum frequency read cycle of 1/trc, and using
“AC Test Conditions” of input levels of GND to 3V.

4. f =0 means no address or control lines change.
5. Industrial temperature: for other speeds, packages and powers contact your sales office.
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM Military, Industrial and Commercial Temperature Ranges

AC Electrical Characteristics Over the
Operating Temperature and Supply Voltage Range(45

7026X15 7026X20
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit
READ CYCLE
tRC Read Cycle Time 15 — 20 — 25 — ns
taa Address Access Time — 15 — 20 — 25 ns
tace Chip Enable Access Time® — 15 — 20 — 25 ns
taBE Byte Enable Access Time® — 15 — 2 — 25 ns
tacE Output Enable Access Time — 10 — 12 — 13 ns
ton Output Hold from Address Change 3 — 3 — 3 — ns
tz Output Low-Z Time(*2 3 — 3 — 3 — ns
tz Output High-Z Time('2 — 10 — 12 — 15 ns
U Chip Enable to Power Up Time®? 0 — 0 — 0 — ns
D Chip Disable to Power Down Time® — 15 — 20 — 25 ns
tsop Semaphore Flag Update Pulse (OE or SEM) 10 — 10 — 12 — ns
tsaa Semaphore Address Access Time — 15 — 20 — 25 ns
2939 bl 12a
7026X35 7026X55
Com'l & Com’l, Ind
Military & Military
Symbol Parameter Min. Max. Min. Max. Unit
READ CYCLE
tRC Read Cycle Time 35 — 55 — ns
taa Address Access Time — 35 — 55 ns
tace Chip Enable Access Time® — 35 — 55 ns
taBE Byte Enable Access Time® — 35 — 55 ns
ta0E Output Enable Access Time — 20 — 30 ns
ton Output Hold from Address Change 3 — 3 — ns
tz Output Low-Z Time(*? 3 — 3 — ns
tz Output High-Z Time('2 — 15 — 25 ns
U Chip Enable to Power Up Time®? 0 — 0 — ns
D Chip Disable to Power Down Time®? — 35 — 50 ns
tsop Semaphore Flag Update Pulse (OE or SEM) 15 — 15 — ns
tsaa Semaphore Address Access Time — 35 — 55 ns
NOTES: 2939 thl 12b
1. Transition is measured +200mV from Low or High-impedance voltage with Output Test Load (Figure 2).
2. This parameter is_guaranteed by device characterization, but is not production tested.
3. To access RAM, CE = VIL and SEM = ViH. To access semaphore, CE = ViH and SEM = VIL.
4. X' in part numbers indicates power rating (S or L).
5. Industrial temperature: for other speeds, packages and powers contact your sales office.

Powered by ICminer.com Electronic-Library Service CopyRight 2003



IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM Military, Industrial and Commercial Temperature Ranges
WAVEFORM OF READ CYCLES®™
~ tRC >

ADDR X
ce NN 1///
oF \N\N\K /)

UB. (8 \N\N\K /)

RAW

— ) — n—
tLz
OATAGuT ( VALID DATA®
| !~ tHz® >
BUSYout \\\\\\\<\C\C\:\;2F @, 4
- tBDD Y 2939 drw 06
NOTES:

1. Timing depends on which signal is asserted last, O, CE, LB, or UB.

2. Timing depends on which signal is de-asserted first CE, OE, LB, or UB.

3. tBDD delay is required only in cases where the opposite port is completing a write operation to the same address location. For simultaneous read operations BUSY
has no relation to valid output data.

4. Start of valid data depends on which timing becomes effective last tAOE, tACE, tAA or tBDD.

5. SEM = V.

Timing of Power-Up Power-Down

CE

tPU tPD

Ilcc
50% 50%

IsB

2939 drw 07
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IDT7026S/L
High-Speed 16K x 16 Dual-Port Static RAM

Military, Industrial and Commercial Temperature Ranges

AC Electrical Characteristics Over the

Operating Temperature and Supply Voltage!>®

7026X15 7026X20 7026X25
Com'l Only Com'l & Com'l &
Symbol Parameter Military Military
Min. | Mac | Min | Max | Min | wmax | uni
WRITE CYCLE
twe Write Cycle Time 15 — 20 — 25 — ns
Ew Chip Enable to End-of-Write® 12 — 15 — 20 — ns
taw Address Valid to End-ofWrite 12 — 15 — 20 — ns
tas Address Setup Time® 0 — 0 — 0 — ns
twp Write Pulse Width 12 — 15 — 20 — ns
twr Write Recovery Time 0 — 0 — 0 — ns
ow Data Valid to End-of-Write 10 — 15 — 15 — ns
tz Output High-Z Time (2 — 10 — 12 — 15 ns
toH Data Hold Time®) 0 — 0 — 0 — ns
twz Write Enable to Output in High-Z'2 — 10 — 12 — 15 ns
tow Output Active from End-of-Write(24 0 — 0 — 0 — ns
tSWRD SEM Flag Write to Read Time 5 — 5 — 5 — ns
tsps SEM Flag Contention Window 5 — 5 — 5 — ns
3199 bl 13a
7026X35 7026X55
Com'l & Com’l, Ind
Symbol Parameter Military & Military
Min. Max. Min. Max. Unit
WRITE CYCLE
twe Write Cycle Time 35 — 55 — ns
tEw Chip Enable to End-of-Write® 30 — 45 — ns
taw Address Valid to End-of-Write 30 — 45 — ns
tAs Address Setup Time® 0 — 0 — ns
twp Write Pulse Width 25 — 40 — ns
twr Write Recovery Time 0 — 0 — ns
ow Data Valid to End-of-Write 15 — 30 — ns
tHz Output High-Z Time2 — 15 — 25 ns
toH Data Hold Time® 0 — 0 — ns
twz Write Enable to Output in High-Z'2 — 15 — 25 ns
tow Output Active from End-of-Write!!24 0 — 0 — ns
tSWRD SEM Flag Write to Read Time 5 — 5 — ns
tsps SEM Flag Contention Window 5 — 5 — ns
NOTES: 2939 thl 13b

1. Transition is measured +200mV from Low or High-impedance voltage with Output Test Load (Figure 2).
This parameter is guaranteed by device characterization, but is not production tested.

2.
3. To access RAM, CE = ViL and SEM = VIH. To access semaphore, CE = ViH and SEM = VL. Either condition must be valid for the entire tew time.
4. The specification for toH must be met by the device supplying write data to the RAM under all operating conditions. Although toH and tow values will vary over voltage

and temperature, the actual tbH will always be smaller than the actual tow.
X' in part numbers indicates power rating (S or L).

o

6. Industrial temperature: for other speeds, packages and powers contact your sales office.
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM Military, Industrial and Commercial Temperature Ranges
Timing Waveform of Write Cycle No. 1, R'W Controlled Timing"-5#
- twe >
ADDRESS )( )(
= thz
ce f
i taw >
CEorSEM \ 7‘
UBorBY _\ 7‘
[+—tag O —wie twp @ »e—{ twR"®
RW 3( 7‘
e tyyz ) — - tow >
DATAoUT —< “ “
4 tow —>T+——tDH —*

2939 drw 08

Timing Waveform of Write Cycle No. 2, CE, UB, LB Controlled Timing®

- twe >
ADDRESS )( )(
- taw >
CE or SEM® 5’; 7‘
e tAg(® —eTe tew @ > twr® e—
UBoriB” * 7‘

DATAIN

2939 drw 09

NOTES:

R/W or CE or UB and LB = ViH during all address transitions.

A write occurs during the overlap (tew or twp) of a ViL CE = ViL and RAW = VL for memory array writing cycle.

twr is measured from the earlier of CE or RAW (or SEM or RIW) going VI to the end of write cycle.

During this period, the I/O pins are in the output state and input signals must not be applied.

If the CE or SEM = VIL transition occurs simultaneously with or after the RW = VIL transition, the outputs remain in the High-impedance state.

Timing depends on which enable signal is asserted last, CE or RAW.

This parameter is guaranteed by device characterization, but is not production tested. Transition is measured +200mV from steady state with the Output Test Load

(Figure 2).

8. If OF = ViL during RW controlled write cycle, the write pulse width must be the larger of twp or (twz + tow) to allow the /O drivers to tum off and data to be placed
on the bus for the required tow. If OE = VIH during an RAW controlled write cycle, this requirement does not apply and the write pulse can be as short as the
specified twp.

9. To access RAM, CE = ViL and SEM = V. To access semaphore, CE = ViH and SEM = VIL. tew must be met for either condition.

Nk~
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM Military, Industrial and Commercial Temperature Ranges

Timing Waveform of Semaphore Read after Write Timing, Either Side!"

tSAA—>| B > tOH
oAz < XX X VALID ADDRESS vaLID ADDRESS X X X XX
—— taw »lWR tACE,,
<« lEW 5
SEM I /jSOF: L//
<+—> {DW
Vo DA DOWE
. e tAs—, tWP ¢ tDH—>
R/W
N '
[ tSWRD ——¥ tACE
S A
[— Wirite Cycle >I< Read Cycle ——»|

2939 drw 10
NOTES:
1. CE = ViH or UB and LB = Vi for the duration of the above timing (both write and read cycle).
2. "DATAoUT VALID" represents all 1/0's (I/O0-1/O15) equal to the semaphore value.

Timing Waveform of Semaphore Write Contention(1:34

-
AorA"-AzAr MATCH ><
SDE? "A'< R A
— /
L SEM"a" V4
<SPS,
-
Ao"B"-A2'B" MATCH ><
SDE? "' RWe 71
_" " Z
L SEM'B 7

2939 drw 11
NOTES:

1. DoR = DoL = Vi, CER = CEL = VI, or both UB & LB = V.

2. All timing is the same for left and right ports. Port “A” may be either left or right port. Port “B” is the opposite from port “A”.
3. This parameter is measured from RAW'a* or SEM'a" going HIGH to RW's' or SEM'8' going HIGH.

4. If tsps is not satisfied, there is no guarantee which side will be granted the semaphore flag.
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IDT7026S/L

High-Speed 16K x 16 Dual-Port Static RAM

Military, Industrial and Commercial Temperature Ranges

AC Electrical Characteristics Over the

Operating Temperature and Supply Voltage Range(®”

7026X15 7026X20 7026X25
Com'l Only Com'l & Com'l &
Military Military
Symbol Parameter Min. | Max. | Min. | Max | Min. | Max | unit
BUSY TIMING (M/S=VIH)
BAA BUSY Access Time from Address Match — 15 — 20 — 20 ns
tBDA BUSY Disable Time from Address Not Matched — 15 — 20 — 20 ns
tBAC BUSY Access Time from Chip Enable Low — 15 — 20 — 20 ns
tBDC BUSY Access Time from Chip Enable High — 15 — 17 — 17 ns
taps Arbitration Priority Set-up Time® 5 — 5 — 5 — ns
tBDD BUSY Disable to Valid Data — 18 — 30 — 30 ns
tw Write Hold After BUSY® 12 — 15 — 17 — ns
BUSY TIMING (M/S=VIL)
tws BUSY Input to Write® 0 — 0 — 0 — ns
tw Write Hold After BUSY® 12 — 15 — 17 — ns
PORT-TO-PORT DELAY TIMING
twoD Write Pulse to Data Delay'" — 30 — 45 — 50 ns
tooD Write Data Valid to Read Data Delay™ — 25 — 30 — 35 ns
2939 tbl 14a
7026X35 7026X55
Com'l & Military Com'l, Ind
& Military
Symbol Parameter Min. Max. Min. Max. Unit
BUSY TIMING (M/S=VIH)
BAA BUSY Access Time from Address Match — 20 — 45 ns
tBDA BUSY Disable Time from Address Not Matched — 20 — 40 ns
BAC BUSY Access Time from Chip Enable Low — 20 — 40 ns
tBDC BUSY Access Time from Chip Enable High — 20 — 35 ns
taps Arbitration Priority Set-up Time® 5 — 5 — ns
80D BUSY Disable to Valid Data® — 35 — 40 ns
tw Write Hold After BUSY® 25 — 25 — ns
BUSY TIMING (M/S=VIL)
tws BUSY Input to Write® 0 — 0 — ns
tw Write Hold After BUSY® 25 — 25 — ns
PORT-TO-PORT DELAY TIMING
twoD Write Pulse to Data Delay™ — 60 — 80 ns
tooD Write Data Valid to Read Data Delay" — 45 — 65 ns
2939 thl 14b
NOTES:
1. Port-to-port delay through RAM cells from writing port to reading port, refer to "Timing Waveform of Write with Port-to-Port Read and BUSY (M/S = VIH)".
2. To ensure that the earlier of the two ports wins.
3. tBDD is a calculated parameter and is the greater of 0, twDD — twp (actual), or tDDD — tbw (actual).
4. To ensure that the write cycle is inhibited on port "B" during contention on port "A".
5. To ensure that a write cycle is completed on port "B" after contention on port "A".
6. 'X'in part numbers indicates power rating (S or L).
7. Industrial temperature: for other speeds, packages and powers contact your sales office.
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Timing Waveform of Write with Port-to-Port Read and BUSY (M/S = ViH)(245
twc

ADDRra" >< MATCH ><
twp
R/WA \\ 7(
tDw - | toH
DATAIN A >< VALID >—l<
taps
ADDR&" _ MATCH
\ tBAA <— tBDA tBDD
BUSY-s" —\_
‘ twbDD »
DATAouUT"B" >< VALID
n toop® >
NOTES: _ 2939 drw 12
To ensure that the earlier of the two ports wins. taps is ignored for M/S = VIL (slave).
CEL=CER = VL

OE = VL for the reading port. L L
If M/S = VIL (slave), BUSY is an input. Then for this example BUSY'A" = ViH and BUSY'B' input is shown above.
All timing is the same for left and right ports. Port "A" may be either the left or right port. Port "B" is the port opposite from port "A".

ok wh -~

Timing Waveform of Write with BUSY (M/S = VIL)

twp
RARA Q‘ 71
twsB)
BUSY'B" /
1
el twn®
R/W'B" s s b @ Zé;
2939 drw 13
NOTES:
1. twH must be met for both BUSY input (SLAVE) and output (MASTER).
2. BUSY is asserted on port "B" blocking RW"B", until BUSY'B" goes HIGH.
3. tws is only for the “SLAVE” version.
13
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Waveform of BUSY Arbitration Controlled by CE Timing (M/S = ViH)("

ADDR"A"
and 5 >< ADDRESSES MATCH ><

CEn ;/
taps @
CE'B \\
[+— {BAC [— iBDC
BUSY-e*
2939 drw 14
Waveform of BUSY Arbitration Cycle Controlled by
Address Match Timing (M/S = ViH)"
ADDRA" ADDRESS "N" X
tAPS(Z)
ADDR"B" X MATCHING ADDRESS "N"
[+ {BAA [+— {BDA
BUSYs"
2939 drw 15
NOTES:

1. All timing is the same for left and right ports. Port “A” may be either the left or right port. Port “B” is the port opposite from “A”.
2. If taps is not satisfied, the BUSY signal will be asserted on one side or another but there is no guarantee on which side BUSY will be asserted.

Truth Table Ill — Example of Semaphore Procurement Sequence('23

Functions Do - D15 Left Do - D15 Right Status
No Action 1 1 Semaphore free
Left Port Writes "0" to Semaphore 0 1 Left port has semaphore token
Right Port Writes "0" to Semaphore 0 1 No change. Right side has no write access to semaphore
Left Port Writes "1" to Semaphore 1 0 Right port obtains semaphore token
Left Port Writes "0" to Semaphore 1 0 No change. Left port has no write access to semaphore
Right Port Writes "1" to Semaphore 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 semaphore 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

2939 bl 15
NOTES:
1. This table denotes a sequence of events for only one of the eight semaphores on the IDT7026.
2. There are eight semaphore flags written to via I/Oo0 and read from all I/O's (I/O0-1/O15). These eight semaphores are addressed by Ao - Ae.
3. CE = VIH, SEM = VIL to access the semaphores. Refer to the semaphore Read/Write Control Truth Table.
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Truth Table IV —
Address BUSY Arbitration

Inputs Outputs
AoL-A13L
CEL | CEr AoR-A13R BUSY.™ | BUSYR" Function
X X NO MATCH H H Normal
H X MATCH H H Normal
X H MATCH H H Normal
L L MATCH 7)) 7)) Wite: Inhibit®
2939 tbl 16

NOTES:

1. Pins BUSYL and BUSYR are both outputs when the part is configured as a
master. Both are inputs when configured as a slave. BUSYx outputs on the
IDT7026 are push pull, not open drain outputs. On slaves the BUSYx input
internally inhibits writes.

2. LOW if the inputs to the opposite port were stable prior to the address and enable
inputs of this port. HIGH if the inputs to the opposite port became stable after the
address and enable inputs of this port. If taps is not met, either BUSYL or BUSYR
= LOW will result. BUSYL and BUSYR outputs cannot be LOW simultaneously.

3. Writes to the left port are internally ignored when BUSYL outputs are driving LOW
regardless of actual logic level on the pin. Writes to the right port are internally
ignored when BUSYR outputs are driving LOW regardless of actual logic level
on the pin.

Functional Description

The IDT7026 providestwo ports with separate control, address and
IO pinsthat permitindependentaccessforreads orwrites to anylocation
inmemory. The IDT7026 hasan automatic powerdown feature controlled
by CE. The CE controls on-chip power down circuitry that permits the
respective portto gointo a standby mode whennot selected (CE = ViH).
Whenaportisenabled, accesstothe entire memory array is permitted.

Busy Logic

Busy Logic provides ahardware indicationthatboth ports ofthe RAM
have accessedthe samelocation atthe sametime. ltalso allows one ofthe
twoaccessesto proceedandsignalsthe other sidethatthe RAM is “Busy”.
The BUSY pin can then be used to stall the access until the operation on
theotherside iscompleted. If awrite operation has been attempted from
the sidethatreceivesaBUSY indication, the write signalis gatedinternally
to prevent the write from proceeding.

Theuse of BUSY logicis notrequired or desirable forall applications.
Insome cases itmay be useful to logically ORthe BUSY outputstogether
and use any BUSY indication as an interrupt source to flag the event of
anillegalorillogical operation. Ifthe writeinhibitfunctionof BUSY logicis
notdesirable, the BUSY logic can be disabled by placing the partinslave
mode withthe M/S pin. Once in slave mode the BUSY pin operates solely
asawriteinhibitinput pin. Normal operation can be programmedby tying
the BUSY pins HIGH. If desired, unintended write operations can be
prevented to a port by tying the BUSY pin for that port LOW.

The BUSY outputs onthe IDT 7026 RAMin master mode, are push-
pulltype outputs and do notrequire pull up resistorsto operate. Ifthese
RAMs are being expanded in depth, then the BUSY indication for the
resulting array requires the use of an external AND gate.

Military, Industrial and Commercial Temperature Ranges

Width Expansion with BUSY Logic
Master/Slave Arrays

When expandingan IDT7026 RAM array in width while using BUSY
logic, one master partisusedto decide which side of the RAM array will
receivea BUSY indication, and to outputthat indication. Any number of
slavesto beaddressedinthe same addressrangeasthe masterusethe
BUSY signal asawriteinhibitsignal. Thusonthe IDT7026 RAMthe BUSY
pinisan outputifthe partis used asamaster (M/S pin=ViH), andthe BUSY
pin is an input if the part used as a slave (M/S pin = ViL) as shown in
Figure 3.

[ftwo or more master parts were used when expanding in width, a split
decision couldresultwith one master indicating BUSY on one side of the

|

] Y

I 1 o
MASTER CE SLAVE CE 3
Dual Port Dual Port Q
RAM RAM P
BUSYL BUSYR BUSYL BUSYR
. ] T 1
I
' ?
MASTER CE SLAVE CE
Dual Port Dual Port
RAM RAM
BUSYL BUSYL BUSYR BUSYL BUSYR BUSYR

2939 drw 16

Figure 3. Busy and chip enable routing for both width and depth
expansion with IDT7026 RAMs.

array and another masterindicating BUSY on one otherside ofthe array.
Thiswouldinhibitthe write operations from one portfor part of aword and
inhibitthe write operations fromthe other portfor the other part of the word.

The BUSY arbitration on a master is based on the chip enable and
address signalsonly. ltignores whether an accessis aread orwrite. In
amaster/slave array, both address and chip enable must be valid long
enoughforaBUSY flagto be output fromthe masterbefore the actual write
pulse can be initiated with eitherthe RAW signal orthe byte enables. Failure
toobservethistiming canresultinaglitchedinternal writeinhibit signaland
corrupted datainthe slave.

Semaphores

TheIDT7026 is an extremely fast Dual-Port 16K x 16 CMOS Static
RAMwithan additional 8addresslocations dedicated o binary semaphore
flags. Theseflagsalloweither processoronthe leftorrightside ofthe Dual-
PortRAMtoclaimaprivilege overthe other processorforfunctions defined
by the system designer’s software. As an example, the semaphore can
be used by one processortoinhibitthe otherfromaccessinga portion of
the Dual-Port RAM or any other shared resource.

The Dual-Port RAM features a fast access time, and both ports are
completelyindependentofeach other. Thismeansthatthe activity onthe
left portin no way slows the access time of the right port. Both ports are
identicalinfunction to standard CMOS StaticRAM and can beread from,
orwritten o, atthe same time with the only possible conflictarising fromthe
simultaneous writing of, or a simultaneous READ/WRITE of, a non-
semaphorelocation. Semaphoresare protected against such ambiguous
situationsandmay be usedby the system programto avoidany conflicts
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inthe non-semaphore portion of the Dual-Port RAM. These deviceshave
anautomatic power-down feature controlled by CE, the Dual-Port RAM
enable, and SEM, the semaphore enable. The CE and SEM pins control
on-chip power down circuitry that permits the respective portto go into
standby mode whennot selected. Thisisthe condition whichisshownin
Truth Table | where CE and SEM = VIH.

Systems which can best use the IDT7026 contain multiple proces-
sors or controllers and are typically very high-speed systems which
are software confrolled or software intensive. These systems can
benefitfroma performanceincrease offered by the IDT7026'shardware
semaphores, which provide a lockout mechanism without requiring
complex programming.

Software handshaking between processors offers the maximumin
systemflexibility by permitting shared resourcesto be allocatedin varying
configurations. The IDT7026 does notuse its semaphore flags to control
any resourcesthrough hardware, thus allowing the system designertotal
flexibility in systemarchitecture.

An advantage of using semaphores rather than the more common
methods of hardware arbitration is that wait states are neverincurredin
either processor. This can prove to be a major advantage in very high-
speedsystems.

How the Semaphore Flags Work

The semaphorelogicisa setof eightlatches which are independent
ofthe Dual-PortRAM. These latches can be used to passaflag, ortoken,
fromone porttothe other toindicate thatasharedresourceisinuse. The
semaphores provide a hardware assist for a use assignment method
called “Token Passing Allocation.” Inthismethod, the state of asemaphore
latch isused asatokenindicatingthat sharedresource isin use. lfthe left
processor wantsto use this resource, it requeststhe token by settingthe
latch. This processorthen verifiesits successinsettingthelatch by reading
it. If it was successful, it proceeds to assume control over the shared
resource. Ifitwasnotsuccessfulin setting the latch, it determines that the
right side processor has setthe latch first, hasthe tokenandisusingthe
sharedresource. The left processor canthen either repeatedly request
that semaphore’s status or remove its request for that semaphore to
performanothertaskandoccasionally attemptagaintogain control ofthe
tokenviathe setandtestsequence. Oncetheright side hasrelinquished
thetoken, the left side should succeedin gaining control.

The semaphore flags are active LOW. Atoken s requested by writing
azerointoasemaphore latch andisreleased whenthe same side writes
aonetothatlatch.

The eight semaphore flags reside within the IDT7026 in a separate
memory spacefromthe Dual-PortRAM. This  address spaceisaccessed
by placinga LOWinputon the SEM pin (which actsas a chip selectforthe
semaphore flags) and using the other control pins (Address, OE, and
R/W) asthey would be usedin accessing a standard Static RAM. Each
ofthe flags has a unique address which can be accessed by either side
through address pins Ao—A2. When accessingthe semaphores, none of
the other address pins has any effect.

When writingtoa semaphore, only data pin Doisused. [falowlevel
iswrittenintoan unused semaphore location, thatflagwill be setto azero
onthatside anda oneonthe other side (see Table ll). That semaphore
can now only be modified by the side showing the zero. Whenaoneis
writteninto the same location from the same side, the flag will be settoa
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one for both sides (unless a semaphore request from the other side is
pending) and then can be written to by both sides. The fact that the side
whichisabletowriteazerointoasemaphore subsequentlylocksout writes
fromthe other side iswhatmakes semaphoreflags useful ininterprocessor
communications. (Athorough discussion on the use of this feature follows
shortly.) Azerowritten into the same location from the other side will be
storedin the semaphore requestlatch for that side untilthe semaphoreis
freed by the first side.

When a semaphore flagisread, 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 outputregisterwhenthatside's semaphoreselect (SEM)andoutput
enable (OE)signalsgoactive. This servesto disallowthe semaphore from
changing state in the middle of aread cycle due to awrite cycle fromthe
other side. Because ofthislatch, arepeatedread ofa semaphorein atest
loop mustcause either signal (SEM or OE) to go inactive orthe output will
never change.

Asequence WRITE/READ mustbe used by the semaphore in order
to guarantee that no system level contention will occur. A processor
requests accessto sharedresources by attemptingtowriteazerointoa
semaphore location. Ifthe semaphore is already in use, the semaphore
requestlatchwill containazero, yetthe semaphore flagwillappearasone,
afactwhich the processorwill verify by the subsequent read (see Table
11). Asan example, assume a processor writes azerotothe leftportata
free semaphore location. On asubsequentread, the processor will verify
thatithas written successfully to thatlocation andwill assume control 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 fail, as will be
verified by the factthata one will be read fromthat semaphore on theright
side during subsequent read. Had a sequence of READ/WRITE been
usedinstead, systemcontention problems couldhave occurredduring the
gap between the read and write cycles.

[tisimportantto note that a failed semaphore request mustbefollowed
by eitherrepeated reads or by writing a one intothe same location. The
reason for thisiseasily understood by looking at the simple logic diagram
ofthe semaphore flagin Figure 4. Two semaphore request latchesfeed
into a semaphore flag. Whichever latch is first to present a zero to the
semaphore flagwill forceits side of the semaphore flag LOW and the other
side HIGH. This condition will continue until aone is written to the same
semaphorerequestlatch. Shouldthe other side’s semaphore requestlatch
have been writtento azeroin the meantime, the semaphore flag will flip
overtothe other side assoonasaoneiswritten into the first side’srequest
latch. The second side’sflag willnow stay LOW untilits semaphore request
latchiswrittento aone. Fromthisitis easytounderstandthat, ifa semaphore
is requested and the processor which requestedit no longer needs the
resource, the entire system can hang up until a one is written into that
semaphore requestlatch.

The critical case of semaphore timing is when both sides requesta
single token by attempting to write a zero into it at the same time. The
semaphore logicis specially designed toresolve this problem. If simulta-
neousrequestsare made, thelogicguaranteesthatonly one side receives
thetoken. If one sideis earlierthanthe other in making the request, thefirst
sidetomakethe requestwill receive the token. Ifboth requests arrive at
the same time, the assignment will be arbitrarily made to one portorthe
other.

One caution that should be noted when using semaphores is that
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READ READ
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Figure 4. IDT7026 Semaphore Logic

semaphoresalone donotguarantee thataccesstoaresourceissecure.
Aswith any powerful programming technique, if semaphores are misused
or misinterpreted, a software error can easily happen.

Initialization of the semaphoresis notautomatic and mustbe handled
viathe initialization program atpower-up. Since any semaphore request
flagwhich containsa zero must beresetto a one, all semaphores onboth
sides shouldhave a one written into thematinitialization from both sides
to assure that they will be free when needed.

Using Semaphores—Some Examples

Perhapsthe simplestapplication of semaphoresistheir application
asresource markers for the IDT7026’s Dual-Port RAM. Say the 16K x
16 RAM was 1o be divided into two 8K x 16 blocks which were to be
dedicatedatanyonetimetoservicing eithertheleftorright port. Semaphore
0 could be usedtoindicate 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 aresource, in this example the lower 8K of Dual-Port RAM,
the processor on the left port could write and then read a zero in to
Semaphore 0. If this task were successfully completed (a zero was
read back rather than a one), the left processor would assume control
of the lower 8K. Meanwhile the right processor was attempting to gain
control ofthe resource after the left processor, itwould read backa one
inresponsetothe zeroithad attemptedto write into Semaphore 0. Atthis
point, the software could choose to try and gain control of the second 8K
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section by writing, then reading a zero into Semaphore 1. Ifit succeeded
ingaining control, itwouldlock outthe 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
Semaphore 1was still occupied by the right side, the left side could undo
its semaphore requestand performothertasksuntilitwas able towrite, then
readazerointo Semaphore 1. Iftheright processor performsa similartask
with Semaphore 0, this protocol would allow the two processors to swap
8K blocks of Dual-Port RAM with each other.

The blocks do not have to be any particular size and can even be
variable, depending upon the complexity of the software using the
semaphore flags. All eight semaphores could be usedto divide the Dual-
Port RAM or other shared resources into eight parts. Semaphores can
evenbe assigned differentmeanings on different sidesrather thanbeing
given acommon meaning as was shown in the example above.

Semaphores are a useful form of arbitration in systems like disk
interfaceswhere the CPUmustbe lockedout of asection of memory during
atransferandthe /O device cannottolerate any wait states. With the use
of semaphores, once the two deviceshasdeterminedwhichmemory area
was “off-limits”to the GPU, both the CPU and the /O devices could access
theirassignedportions of memory continuously withoutany wait states.

Semaphores arealsousefulinapplicationswhere no memory “WAIT”
stateisavailable on oneor both sides. Once asemaphore handshake has
been performed, both processors can access their assigned RAM
segmentsatfull speed.

Another application isinthe area of complex data structures. Inthis
case, blockarbitration isveryimportant. Forthis applicationone processor
may be responsible for buildingand updating a data structure. The other
processorthen reads andinterpretsthatdata structure. If theinterpreting
processor readsanincompletedata structure, amajor error condition may
exist. Therefore, some sort of arbitration mustbe used between the two
differentprocessors. The building processor arbitratesforthe block, locks
itandthenisableto goinandupdate the datastructure. When the update
is completed, the data structure block is released. This allows the
interpreting processorto come backandreadthe complete datastructure,
thereby guaranteeingaconsistent data structure.
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Ordering Information

IDT XXXXX A 999 A A
Device Power Speed Package Process/
Type Temperature
Range
Blank  Commercial (0 C to +70 C)
I Industrial (-40 C to + 85 C)
B Military (-55 C to +125 C)
Compliant to MIL-PRF-38535 QML
G 84-pin PGA (G84-3)
J 84-pin PLCC (J84-1)
15 Commercial Only
20 Commercial Or;\lX
o5 Commercial & Military Speed
35 Commercial & Military in hanoseconds
55 Commercial, Industrial
& Military
S Standard Power
L Low Power
| 7026 256K (16K x 16) Dual-Port RAM
2939 drw 18
NOTE:

1. Industrial temperature range is available on selected PLCC packages in standard power.
For other speed, packages and powers contact your sales office.

Datasheet Document History

1114/99: Initiated datasheetdocument history
Convertedtonewformat
Cosmeticand typographical corrections
Pages 2 and 3 Added additional notes to pin configurations

CORPORATE HEADQUARTERS for SALES: for Tech Support:

2975 Stender Way 800-345-7015 or 408-727-6116 831-754-4613

Santa Clara, CA 95054 fax: 408-492-8674 DualPortHelp@idt.com
www.idt.com

The IDT logo is a registered trademark of Integrated Device Technology, Inc.
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PLCC (Continued)

DeN [ rRev] DESCRIPTION | oA | arrrOvED
27647 | 06 |  REDRAW TO JEDEC FORMAT | 03/15/98]
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A\ EXACT SHAPE OF EACH CORNER S OPTIONAL
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PHONE: (408) 727-8118
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