
FEATURES: 
• High-density 64K1128K-bit CMOS dual-port RAM module 

• 16K x 8 organization (IDT7M135) with 8K x 8 
option (IDT7M134) 

• Low-power consumption 
• CEMOS·· process virtually eliminates alpha particle soft errors 

rates (with no organic die coating) 

• On-chip port arbitration logic 

• BUSY flags 
• Fully asynchronous operation from either port 

• Single 5V (±10%) power supply 

• Dual Vee and GND pins for maximum noise immunity 
• On-chip pull up resistors for open-drain BUSY flag option 

• Inputs and output directly TTL-compatible 

• Fully static operation 
• Modules available with semiconductor components 100% 

screened to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold temperatures 
for all AC and DC parameters as per customer requirement 

PIN CONFIGURATION 
GNO(1) 58 VCC(1) 

CEl 57 CER 
RtWl 56 RtWR 

R330l 55 R330R 
SUSYl 54 SUSYR 

OEl 53 OER 
AOl 52 AOR 
A1l 51 A1R 
A2l so A2R 
A3l 1D 4' A3R 
A4l 11 48 A4R 
A5l 12 47 A5R 
A6l 13 46 A6R 
A7L 14 4S A7R 
A8l 15 44 A8R 
A9l ,. 4' A9R 

A'0l 17 42 A'0R 
Al1l 18 41 A11R 
A12l ,. 40 A12R 

A13l(2) 20 3. A13R(2) 
I/OOl 21 38 I/OOR 
I/O'l 22 37 I/O'R 
I/02l 23 36 I/02R 
I/03l 24 35 I/03R 
I/04l 25 34 I/04R 
I/05l 26 33 I/05R 
I/06l 27 32 I/06R 
I/07l 26 31 I/07R 

GNO(1) 2. 3D Vcc(1) 

DIP 

NOTES 
TOPYIEW 

1. Both Vee pins need to be connected to the 5V supply, and both GND pins need 
to be grounded for proper operation. 

2. On 8Kx8 IOT7M134 option, A'3l and A'3A need to be externally connected to 
ground for proper operation. 

CEMOS is a trademark of Integrated Device Technology, Inc. 

DESCRIPTION: 
The IDT7M134/135 are 64K1128K-bit high-speed CMOS dual

port static RAM modules constructed on a multi-layered ceramic 
substrate using four IDT7132 2K x 8 dual-port RAMs (IDT7M134) 
or eight IDT7132 dual-port RAMs (IDT7M135) in lead less chip 
carriers. Dual-port function is achieved by utilization of the two 
on-board IDT54/74FCT138 decoder circuits that interpret the 
higher order addresses AL11-13 and ARI'-13 to select one of the 
eight 2K x 8 dual-port RAMs. (On IDT7M134 8K x 8 option, the 
AL13 and AR13 need to be externally grounded and the selection 
becomes one of the four 2K x 8 dual-port RAMs.) Extremely high 
speeds are achieved in this fashion due to the use of the IDT7132 
dual-port RAM, fabricated in IDT's high-performance CEMOS 
technology. 

The IDT7M134/IDT7M135 provide two ports with separate con
trol, address and I/O pins that permit independent access for 
reads or writes to any location in the memory. The BUSY flags 
are provided for the situation when both ports simultaneously 
access the same memory location. The on-Chip arbitration logic will 
determine which port has access and sets the BUSY flag of the 
delayed port. BUSY is set at speeds that permit the processor to 
hold the operation and its respective address and data. The 
delayed port will have access when BUSY goes high (inactive). 

The IDT7M134/135 are available with access times as fast as 
70ns commercial and 90ns military temperature range, with 
operating power consumption of only 2.1 W/3.5W (max.). The module 
also offers a standby power mode of 1.4W/2.8W (max.) and a full 
standby mode of 660mW/1.3W (max.). 

AIiIDT military module semiconductor components are 100% 
processed to the test methods of MIL-STD-883, Class B, making 
them ideally suited to applications demanding the highest level of 
performance and reliabi lity. 

PIN NAMES 
LEFTPORT RIGHT PORT NAMES 

CEl CER CHIP ENABLE 

R/Wl R/WR READ/WRITE ENABLE 

OEl OER OUTPUT ENABLE 

BUSYl BUSYR BUSY FLAG (OPEN DRAIN) 

R330l R330R 
PULL-UP RESISTORS for 
Open-drain BUSY FLAG option 

AOL-A'3L AOA-A'3R ADDRESS 

1/0 0l-1/0 7l 1/00R-1/0 7R DATA INPUTIOUTPUT 

Vee POWER 

GND GROUND 

MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1986 
@ 1986 Integrated Device Technology, Inc. 
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IDT7M134S/IDT7M135S CMOS DUAL·PORT 
RAM MODULE 64K (8K x 8·BIT) & 128K (16K x 8·BIT) 

FUNCTIONAL BLOCK DIAGRAMS 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) & 128K (16K x 8-BIT) 

ABSOLUTE MAXIMUM RATING(1) 
SYMBOL RATING VALUE UNIT 

VTERM 
Terminal Voltage with 

-0.5 to +7.0 V Respect to GND 

TA Operating Temperature -55 to +125 "C 

TSIAS 
Temperature 

-65 to +135 "C Under Bias 

TSTG 
Storage 

-65 to +150 "C Temperature 
f----- --

PT Power Dissipation S.O W 
----

lOUT DC Output Current 50 mA 

NOTE: 
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 

DC ELECTRICAL CHARACTERISTICS 
(Vee = 5V ± 10%, TA = -55"C to +125°C and oDe to +70°C) 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 

GRADE 
AMBIENT 

GND Vee TEMPERATURE 

Military -55"C to +125°C OV 5.0V ± 10% 

Commercial O"C to +70"C OV 5.0V ± 10% 

RECOMMENDED DC OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.5 5.0 5.5 V 

GND Supply Voltage 0 0 0 V 

VIH Input High Voltage 2.2 - 6.0 V 

VIL Input Low Voltage -0.5111 - O.S V 

NOTE: 

1. V1L '" -3.5V for pulse width less than 30ns 

SYMBOL PARAMETER TEST CONDITIONS 
IDT7M134S IDT7M135S 

UNIT 
MIN. TYP.(') MAX. MIN. TYP.(') MAX. 

IILlI Input Leakage Current Vee = 5.5V, VIN = OV to Vee - - 15 - - 20 }J.A 

IILOI Output Leakage Current CE 0 VIH . VOUT 0 OV to Vee - - 15 - - 20 }J.A 

VIH I n put H ig h Voltage 2.2 - 6.0 2.2 - 6.0 V 

VIL Input Low Voltage -1.012) - O.S -1.0(2) - O.S V 

Ice 
Dynamic Operating Current 

GE = Vll' Outputs Open - 190 3S0 - 320 640 mA (Both Ports Active) 

ISB 
Standby Current 

GEL and GER:> VIH - 130 260 - 260 520 mA (Both Ports Standby) 

188 1 
Standby Current CE l or CER:> VIH - 160 320 - 290 5S0 mA (One Port Standby) Active Port Outputs Open 

Full Standby Current Both Ports 
18B2 (Both Ports Full Standby) CE l and CER:> Vee -0.2V - 4 12013) - 10 240(3) mA 

VIN :> Vee -0.2V or VIN S 0.2V 

10l = 3.5mA, Vee 0 4.5V - - 0.4 - - 0.4 V 
VOL Output Low Voltage (110 0 - 1/07) 

10l = SmA, Vee = 4.5V - - 0.5 - - 0.5 V 

VOL 
Open Drain Output Low 

10lo 16mA, Vee = 4.5V - - 0.5 - - 0.5 V Voltage (BUSY) 

VOH Output High Voltage IOl 0 -4mA, Vee = 4.5V 2.4 - - 2.4 - - V 

NOTES: 

1. Vee = 5V, T A=: +25°C. 

2. V1L min. ::: -3.5V for pulse width less than 30ns. 

3. 18B2 max. of IDT7M134/IDT7M135 at commercial temperature = BOmA/150mA. 
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IDT7M134SIIDT7M135S CMOS DUAL·PORT 
RAM MODULE 64K (8K x 8-BIT) & 1281< (18K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

AC CHARACTERISTICS (Vee = 5V ±10%, TA = -55·C to +125·C and O·C to +70·C) 

IDT7M134S70 IDT7M134S90 IDT7M134S100 IDT7M134S120 IDT7M134S14O 

SYMBOL PARAMETER 
IDT7M135S70 IDT7M135S90 IDT7M135S100 IDT7M135S120 IDT7M135S140 

UNIT 
COM'L.ONLY MIL. ONLY 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

READ CYCLE 

tAC Read Cycle Time 70 - 90 - 100 - 120 - 140 - ns 

tM Address Access Time - 70 - 90 - 100 - 120 - 140 ns 

tACE Chip Enable Access Time - 70 - 90 - 100 - 120 - 140 ns 

tAOE Output Enable Access Time - 40 - 45 - 50 - 60 - 70 ns 

tOH Output Hold from Address Change 5 - 10 - 10 - 10 - 10 - ns 

tCLZ Chip Select to Output in Low Z 10 - 15 - 15 - 15 - 15 - ns 

tCHZ Chip Select to Output in High Z - 35 - 45 - 50 - 50 - 60 ns 

tOHZ Output Enable to Output in High Z - 30 - 40 - 40 - 40 - 50 ns 

tOLz Output Enable to Output in Low Z 5 - 5 - 5 - 5 - 5 - ns 

tpu Chip Enable to Power Up Time 0 - 0 - 0 - 0 - 0 - ns 

tpo Chip Disable to Power Down Time - 50 - 50 - 50 - 50 - 50 ns 

WRITE CYCLE 

twc Write Cycle Time 70 - 90 - 100 - 120 - 140 - ns 

tcw Chip Selection to End of Write 60 - 60 - 95 - 110 - 120 - ns 

tAW Address Valid to End of Write 60 - 80 - 95 - 110 - 120 - ns 

tAS Address Setup Time 10 - 10 - 10 - 10 - 10 - ns 

twp Write Pulse Width 40 - 50 - 55 - 65 - 75 - ns 

tWA Write Recovery Time 5 - 5 - 5 - 10 - 10 - ns 

tow Data Valid to End of Write 30 - 40 - 40 - 40 - 50 - ns 

tOH Data Hold Time 10 - 10 - 10 - 10 - 10 - ns 

tOHZ Output Enable to Output In High Z - 35 - 40 - 40 - 40 - 40 ns 

twz Write Enabled to Output in High Z - 35 - 40 - 40 - 50 - 60 ns 

tow Output Active from End of Write 0 - 0 - 0 - 0 - 0 - ns 

BUSY TIMING 

tAC Read Cycle Time 70 - 90 - 100 - 120 - 140 -
twc Write Cycle Time 70 - 90 - 100 - 120 - 140 -
tBAA BUSY Access Time to Address - 45 - 45 - 50 - 60 - 70 ns 

taoA BUSY Disable Time to Address - 45 - 45 - 50 - 60 - 70 ns 

t aAc BUSY Access Time to Chip Enable - 40 - 40 - 50 - 60 - 70 ns 

taoc BUSY Disable Time to Chip Enable - 35 - 35 - 50 - 60 - 70 ns 

teoo BUSY Disable to Valid Data - 50 - 50 - 60 - 60 - 90 ns 

twoo Write Pulse to Data Delay - 90 - 100 - 120 - 140 - 160 ns 

tO~~ 
Write Data Valid to - 70 - 80 - 100 - 120 - 140 ns . Read Data Delay 

tAPS Arbitration Priority Set Up Time 10 - 10 - 10 - 10 - 10 - ns 
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IDT1M134S/IDT1M13SS CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) & 128K (16K x B-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

AC TEST CONDITIONS 
Input Pulse Levels 
Input Rise/Fall Times 

GNDto3.0V 
IOns 
1.5V 
1.5V 

Input Timing Reference Levels 
Output Reference Levels 
Output Load See Figs. 1. 2. and 3 

+SV +SV 

12S0n 12S0n 

DOUT -.,----+ 
77sn 100pF* SpF" 

SRD7132-005 SRD7132-006 

Figure 1. Figure 2. 
Output Load Output Load 

(lor 'HZ, 'LZ, 'wz, and 'ow) 

"Including scope and jig. 

CAPACITANCE (TA ~ +25°C, f = 1.0MHz) 

SYMBOL PARAMETER(') CONDITIONS 7M134S 7M13SS UNIT 

C'N Input Capacitance Y'N ~ OV 150 180 pF 

COUT Output Capacitance VOUT~ OV 40 70 pF 

NOTE: 

1. This parameter is sampled and not 100% tested. 

TIMING WAVEFORM OF READ CYCLE NO.1 EITHER SIDE(1,2,6) 

+SV 

-1 330n BUSY 

I'OOW 

Figure 3. 

iiUSV OU'pu' Load 

~ ~I-------'RC----+-Il 
~~~~-------------------'AA-------~~~~~~:~----------------------~'1'~'OH~ 

DATAOUT ____ P_R_E_V_'O_U_S_D_AT_A_V_A_L_'D __ ~~~~JI'-------------D-A-TA--VA_L_'D ____________ -J 

SRD7132-008 
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IDT7M134S/IDT7Ml35S CMOS DUAL-PORT 
RAM MODULE 64K (8K x B-BIT) & 128K (16K x B-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TIMING WAVEFORM OF READ CYCLE NO.2 EITHER SIDE(1,3) 

~----"'eE----~ 

~Do~ -----------r--------------~~~-i 

ICC ____________ I .. __ 'PU __ 3-j,,..I: __ LZ-' .. -------~-' ________________ _ 

Vee CURRENT _ oru-'p 

I .. 
SRD7132-Q09 

TIMING WAVEFORM OF WRITE CYCLE NO.2 EITHER SIDE(4,7) 

Iwe 
------.. ADDRESS --
~ 

lew 
I' II Iii 

lAW IA. Iwp !+---IWA-
\\\ 

I IDy .. IDW 
+ ~'!lI(VALID 

'I 

LL{.,DHZ1• , 

\\\ 
HIGH IMPEDANCE 

SR07132-01O 

TIMING WAVEFORM OF WRITE CYCLE NO.1 EITHER SIDE(4,7) 

Iwe 
-----ADDRESS -

.1 
'ew 

~ \ \\-\ IIJ I I I I J 

_:AW IA. Iwp_ _IWR-
I 

AiW '\:\. 

I~ .'DH __ 
DATA VALID 

~lWzI') ~'OW 
~TAo~ 3>EE> 3>::>B>3>EE> 3>3:> 3>::>B>3>EE>1:}-~H~IGH~IM~PE~DAN~CE:...~_f~X6X~X3X8> 

SA07132-011 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) & 128K (16K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TIMING WAVEFORM OF CONTENTION CYCLE NO.1 CE ARBITRATION 

CEl VALID FIRST: 

ADOR 
LAND R 

-v ADDRESSES MATCH V--A~ ____________________ A-

crL~ r 
~" ~--:j b ... ~ . .--________ _ 

BUSYA t ---If 
SAD7132-012 

CER VALID FIRST: 

ADOR -V ADDRESSES MATCH V-LANDR --"~ __________________________________ A-

~"~-tB~9 ----+-b-tBDC=1==== 
SR07132-013 

TIMING WAVEFORM OF CONTENTION CYCLE NO.2 ADDRESS VALID ARBITRATION(S) 

LEFT ADDRESS VALID FIRST 

tRcOA twe - x== ADDRESSES MATCH ADDRESSES DO NOT MATCH 

lAPS --
ADDRSR 

~tBAA ~ IBDA 

SRD7132-Q14 

RIGHT ADDRESS VALID FIRST 

lAC OR twe 

ADDRSA ( ADDRESSES MATCH 
-

ADDRESSES DO NOT MATCH 

lAPS I+-

"'C 
j.--tBAA ......---laDA 

9--) 
SRD7132-015 
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IDT7Ml34SIIDT7Ml35S 
RAM MODULE 64K (8K x 8-BI1) " 128K (16K x 8-BI1) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TIMING WAVJ;:FORM OF READ WITH BUSY(S) 

----.. 
ADDRSLIR) ADDRESSES MATCH ADDRESSES DO NOT MATCH -

.. lAPS" 

ADDRSRIL) 

i----lSAA 

_I __ 

BUSYRIL) 

lAW 

_IAS-----<OOo{ -!wp 

~ 
-low 10H~. .1000(11). 

DATA VALID * DATA'N LIR) 

1000(10) 

DATAOUT RIL) 
HIGH IMPEDANCE ~(j DATA VALID , 

!w0011O) 

SRD7134{J01 

TIMING WAVEFORM OF WRITE WITH BUSY(S) 

--1foO--------IWP-------4-+1 

~:-----.... [ ... J F"~ 
SRD7134-002 

NOTES: 

1. RiW is high for Read Cycles. 

2. Device is continuously enabled, CE =:; ViL' 

3. Addresses valid prior to or coincident with CE transition low, 

4. If CE goes high simultaneously with RM high, the outputs remain in the high impedance state. 

5. CEL = CER = V,L -

6. OE = V,L . 

7. Riw = V1H during address transition. 

8. Transition is measured at ±500mV from low or high impedance voltage with load (Figures 1, 2 & 3). This parameter is guaranteed by design, but not tested. 

9. For slave port (IDT7M144/1DT7M145) only. 

10. Port-ta-port delay through RAM cells from writing port to reading port. 

11. This parameter guaranteed by design, but not tested. 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) " 128K (16K x 8-BIT) 

FUNCTIONAL DESCRIPTION: 
The IOT7M134/IOT7M135 provides two ports with separate 

control, address and I/O pins that permit independent access 
for reads or writes to any location in memory. The IOT7M134/ 
IDT7M135 has an automatic power-down feature controlled by 
CEo The CE controls on-chip power-down circuitry that permits 
the respective port to go into a standby mode when not selected 
(CE high). When a port is enabled, access to the entire memory 
array is permitted. Each port has its own Output Enable control 
(OE). In the read mode, the port's OE turns on the output drivers 
when set LOW. Non-contention REAOIWRITE conditions are 
illustrated in Table I. 

ARBITRATION LOGIC, 
FUNCTIONAL DESCRIPTION: 

The arbitration logic will resolve an address match or a chip 
enable match down to 10ns minimum and determine which port 
has access. In all cases, an active BUSY flag will be set for the 
delayed port. 

The BUSY flags are provided for the situation when both ports 
simultaneously access the same memory location. When this 
situation occurs, on-chip arbitration logic will determine which 
port has access and set the delayed port's BUSY flag. BUSY is set 
at speeds that permit the processor to hold the operation and its 
respective address and data. It is important to note that the 
operation is invalid for the port that has BOSY set LOW. The 
delayed port will have access when BUSY goes inactive. 

Contention occurs when both left and right ports are active and 
both addresses match. When this situation occurs, the on-Chip 
arbitration logic determines access. Two modes of arbitration are 
provided: (1) If the addresses match and are valid before CE, 
on-chip control logic arbitrates between CEL and CER for access; 

TRUTH TABLES 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

or (2) ifthe CEs are low before an address match, on-Chip control 
logic arbitrates between the left and right addresses for access 
(refer to Table III, Address Arbitration). In either mode of 
arbitration, the delayed port's BUSY flag is set and will reset when 
the port granted access completes its operation. 

DATA BUS WIDTH EXPANSION, 
MASTER/SLAVE DESCRIPTION: 

Expanding the data bus width to sixteen-or-more-bits in a 
dual-port RAM system implies that several chips will be active at 
the same time. If each chip includes a hardware arbitrator. and 
the addresses for each chip arrive at the same time, it is possible 
that one will activate its L BUSY while another activates its R 
BUSY signal. Both sides are now busy and the CPUs will wait 
indefinitely for their port to become free. 

To avoid this "Busy Lock-Out" problem, lOT has developed a 
MASTER/SLAVE approach where only one hardware arbitrator, 
in the MASTER, is used. The SLAVE has BUSY inputs which 
allow an interface to the MASTER with no external components 
and with a speed advantage over other systems. 

When expanding dual-port RAMs in width, the writing of the 
SLAVE RAMs must be delayed until after the BUSY input has 
settled. Otherwise, the SLAVE chip may begin a write cycle 
during a contention situation. Conversely, the write pulse must 
extend a hold time past BUSY to ensure that a write cycle takes 
place after the contention is resolved. This timing is inherent in all 
dual-port memory systems where more than one chip is active at 
the same time. 

The write pulse to the SLAVE should be delayed by the 
maximum arbitration time of the MASTER. If, then, a contention 
occurs, the write to the SLAVE will be inhibited dueto BUSY from 
the MASTER. 

TABLE I - NON-CONTENTION READIWRITE CONTROL, LEFT OR RIGHT PORT(1) 
RIW CE OE 1100-7 

X H X Z 

X H X Z 

L L X DATAIN 
H L L DATAoUT 
H L H Z 

NOTES: 

1. AOL - A 13L :; AOR - A 13R 

2. If BUSY = L. data is not written. 

3. If BUSY = L, data may not be valid, see t wDO and toeD timing. 

H = HIGH, L = LOW. X = DON'T CARE, Z = HIGH IMPEDANCE 

FUNCTION 

Port Disabled and in Power Down Mode, ISB 

CEA=CEl =H, Power Down Mode,IsB orlsB2 

Data on Port Written into Memory(2) 

Data in Memory Output on Port(3) 

High Impedance Outputs 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) & 128K (16K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TABLE II - ARBITRATION 

LEFTPORT RIGHT PORT 

CEl AOl-A 13l CER AOR-A13R BUSYl 

H X H X H 

L Any H X H 

H X L Any H 

l # Ao..-A'3R L # AOL-A'3L H 

ADDR!,SS ARBITRATION WITH CE LOW BEFORE ADDRESS MATCH 

L LV10R L LV10R H 

L RV10L L LV10R L 

L Same L Same H 

L Same L Same L 

CE ARBITRATION WITH ADDRESS MATCH BEFORE CE 

LL10R ~ AOR - A'3R LL10R ~ AOL - A'3L H 

RL10L ~ A OR - A'3R RL10R ~ AOL - A'3L L 

LW10R ~ AOR - A'3R LW10R ~ AOL - A'3L H 

LW10R ~ A OA - A'3R LW10R ~ AOL - A'3L L 

NOTE: 
X = DON'T CARE,I- = LOW, H ~ HIGH, Same = Left and Right Addresses match within IOns of each other. 

LV10R = Left Address Valid ~ 1 Ons before Right Address. 

RVl0L = Right Address Valid 2: IOns before Left Address. 

LL lOR = Left CE = LOW 2: IOns before Right CEo 

RL 10L = Right CE = LOW 2: 10ns before Left CEo 

LW10R = Left and Right CE = LOW within IOns of each other. 
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FLAGS 
FUNCTION 

BUSYR 

H No Contention 

H No Contention 

H No Contention 

H No Contention 

L Left-Port Wins 

H Right-Port Wins 

L Arbitration Resolved 

H Arbitration Resolved 

L Left-Port Wins 

H Right-Port Wins 

L Arbitration Resolved 

H Arbitration Resolved 


