PRELIMINARY FOR NCR 53C720SE Electrical Characteristics

— Chapter 7
Electrical Characteristics

. Absolute Maximum
Stress Ratings*

Table 7-1: Absolute Maximum Stress Ratings

Parameter Symbol Min Max Units

o Storage temperature Tsta -55 150 °C

o Supply voltage Vbbp -0.5 7.0 \"
Input voltage VIN Vgs-0.5 Vpp + 0.5 \Y

T Latch-up current Iip * 200 - mA**
Electrostatic discharge ESD*** - 2K \"

* Stresses beyond those listed above may cause permanent damage to the device. These are siress ratings only; functional operation of
the device at these or any other conditions beyond those indicated in the Operating Conditions section of this specification is not
. smplied.

** 2V =Vpin > +8V
**x SCSI pins only. Measured according to MIL-STD-883C, Method 3015.7

]
Operating Conditions

Table 7-2: Operating Conditions

Parameter Symbol Min Max Units
Supply voltage Vpb 4.75 5.25 \Y%
—_ Supply current (Static) Iop - 1 mA
Supply current (Dynamic) Iop - 75 mA
Operating temperature (free air) Ta 0 70 °C
. Thermal resistance (junction-ambient) Oy, 50 65 °C/w
Power dissipation Ppp 0 0.40 w
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Electrical Characteristics
DC Characteristics

PRELIMINARY FOR NCR 53C720SE

DC Characteristics

Vpp =5Vt 5%,Ta =0 to 70 °C, unless otherwise noted.

Table 7-3: SCSI Signals — SD(15-0)/*, SDP0/*, REQ/*, MSG/, I_O/, C_D/, ATN/, ACK/*, BSY/, SEL/, RST/, SDP1*

Parameter Symbol Min Max Units Conditions
Input high voltage Vin 2.0 Vpp + 0.5 \Y% -

Input low voltage Vi Vgs - 0.5 0.8 \Y -

Output low voltage Voi Vgs 0.5 v Ior + 48 mA
Hysteresis Vuys 300 - mV -

Input leakage current Iin -10 10 HA -

Input leakage—SCSI RST/ -400 10 A -

Tristate leakage current Ioz -10 10 HA -

*TolerANT not enabled

Table 7-4: Input Signals—BG/-HLDAI/, BOFF/, RESET/, CS/, BS(2-0)/, BCLK, SCLK, AUTO/, DIFFSENS

Parameter Symbol Min Max Units Conditions
Input high voltage Vin 2.0 Vpp + 0.5 A% -

Input low voltage ViL Veg-0.5 0.8 \Y -

Input leakage current IIN -1.0 1.0 MA -

Table 7-5: Input Signal—TSTIN/

Parameter Symbol Min Max Units Conditions
Input high voltage Viu 2.0 Vpp + 0.5 \Y -

Input low voltage ViL Vgs-0.5 0.8 A -

Input high leakage current Iin -10 10 HA Vid =Vpp
Input low pull-up current In -200 -50 MA ViL=0V
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PRELIMINARY FOR NCR 53C720SE

Electrical Characteristics
DC Characteristics

Table 7-6: Output Signals—~SDIR(15-0), SDIRP0, BSYDIR, SELDIR, RSTDIR, TGS, IGS, SDIRP1

Parameter Symbol Min Max Units Conditions
Ourtput high voltage Vou 2.4 VpDp \Y Iog = 4mA
Output low voltage VoL Vss 0.4 \Y IoL =4mA
Output high current Ion -2.0 - mA Vou =Vpp-0.5V
Output low current IoL 4.0 - mA VoL = 0.4V
Table 7-7: Output Signals—FETCH/, IRQ/, TSTOUT

Parameter Symbol Min Max Units Conditions
Output high voltage VoH 2.4 Vpp \Y Ioy = -8 mA
Output low voltage VoL Vss 0.4 A% Ior = 8mA
Output high current Ion -4.0 - mA VoH=Vpp-0.5V
Output low current IoL 8.0 - mA VoL =04V

Table 7-8: Output Signal—SLACK/-READYO/, MASTER/, MAC/
Parameter Symbol Min Max Units Conditions
Output high voltage Vou 2.4 Vbp v Iop =-16 mA
Output low voltage VoL Vss 0.4 \Y% IoL. =16 mA
Output high current Iony -8.0 - mA Vou =Vpp - 0.5V
Output low current IoL 16.0 - mA VoL =04V

NCR 53C720/53C720SE Data Manual
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PRELIMINARY FOR NCR 53C720SE

Table 7-9: Tristate Output Signals—A(31-7), FC(2-0)-TM(2-0), SC(1-0), UPSO-TT0/, CBREQ/-TT1/, BR/-HOLD/

Parameter Symbol Min Max Units Conditions

Output high voltage Von 2.4 Vo \Y Iop =-16 mA
Output low voltage VoL Vs 0.4 \Y IoL = 16mA
Output high current Ion -8.0 - mA Vou=Vpp -0.5V
Output low current IoL 16.0 - mA VoL =04V
Tristate leakage current Ioz -10 10 pA -

Table 7-10: Bidirectional Signals—A(6-0), D(31-0), DP(3-0), DS/-DLE/, AS/-TS/-ADS/, R_W/, BE0, BE1/, SIZ1-0,
BHE/-BE2, SIZ1-BE3, BERR/-TEA/, HALT/-TIP/, BGACK-BB/, CBACK/-TBI/, STERM/-TA/-READYV,

GPIO (4-0)
Parameter Symbol Min Max Units  Conditions
Input high voltage Vin 2.0 Vpp + 0.5 A% -
Input low voltage ViL Vgg- 0.5 0.8 v -
Output high voltage VoH 2.4 Vbbb v Iog =-16 mA
Output low voltage VoL Vss 0.5 Vv IoL =16 mA
Output high current’ IoHn -8.0 - mA  Vou=Vpp-0.5V
Output low current IoL 16.0 - mA VoL =04V
Input leakage current Iin -10 10 HA -
Tristate leakage current Ioz -10 10 HA -

Table 7-11: Capacitance

Parameter Symbol Min Max Units
Input capacitance of input pads G - 7 pF
Input capacitance of I/O pads Cio - 10 pF

7-4
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PRELIMINARY FOR NCR 53C720SE

Electrical Characteristics
NCR TolerANT Technology

NCR TolerANT Technology

Table 7-12: NCRTolerANT Active Negation Technology Electrical Characteristics

Symbol Parameter Min Typ Max Units Test Conditions

Vou! Output high voltage 2.5 3.1 3.5 % Iop = 2.5 mA

VoL Output low voltage 0.1 0.2 0.5 v IpL. =48 mA

Viu Input high voltage 2.0 - 7.0 \Y% -

ViL Input low voltage -0.5 - 0.8 \Y Referenced to Vgg

Vik Input clamp voltage -0.66 -0.74 -0.77 v Vpp = 4.75;
I] =-20 mA

VrH Threshold, high to low 1.1 1.2 1.3 A" -

VL Threshold, low to high 1.5 1.6 1.7 \" -

VrH- Hysteresis 300 350 400 mV -

V1L

Ion Output high current 2.5 15 24 mA Vo =2.5V

IoL Output low current 100 150 200 mA VoL =05V

IosH Short-circuit output - - 625 mA Output driving low,

high current pin shorted to Vpp

supply?

Iost Short-circuit output low - - 95 mA Output driving

current high, pin shorted to

Vss supply

Iin Input high leakage - 0.05 10 HA -0.5 <Vpp <5.25
VP]N =27V

I Input low leakage - -0.05 -10 HA -0.5 <Vpp <5.25
V[’IN =0.5V

Ry Input resistance - 20 - MQ SCSI pins?

Note: These values are guaranteed by periodic characterization; they are not 100% tested on every device.
! Active negation outputs only: Data, Parity, SREQ/, SACK/
zSz'ngIe pin only; irreversible damage may occur if sustained for one second

3SCSI RESET pin has 10 kQ pull-up resistor
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PRELIMINARY FOR NCR 53C720SE

Table 7-12: NCRTolerANT Active Negation Technology Electrical Characteristics (Continued)

Symbol Parameter Min Tvp Max Units Test Conditions
Cp Capacitance per pin - 8 10 pF PQFP
tR! Rise time, 10% t0 90% 9.7 15.0 18.5 ns Figure 7-1
tg Fall time, 90% to 10% 52 8.1 147 ns Figure 7-1
dVy/de Slew rate, low to high 0.15 0.23 0.49 V/ns Figure 7-1
dVp/de Slew rate, high to low 0.19 0.37 0.67 V/ns Figure 7-1
ESD Electrostatic discharge 2 - - KV MIL-STD-883C;
3015-7
Latch-up 100 - - mA -
Filter delay 20 25 30 ns Figure 7-2
Extended filter delay 40 50 60 ns Figure 7-2

Note: These values are guaranteed by periodic characterization; they are not 100% tested on every device.

! Active negation ousputs only: Data, Parity, SREQ/, SACK/

ZSingle pin only; irreversible damage may occur if sustained for one second

3SCSI RESET pin has 10 kQ pull-up resistor

47Q

20 pF 25V

Figure 7-1: Rise and Fall Time Test Conditions
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Electrical Characteristics
NCR TolerANT Technology

REQY/ or ACK/ Input

1§]

VTH

t1 = input filtering period

Figure 7-2: SCSI Input Filtering

Received Logic Level

Input Voltage (Volts)

Figure 7-3: Hysteresis of SCSI Receiver

INPUT CURRENT (milliAmperes)

+40

+20

144V
82
07V
..... H}-Z
TPUT
ACTIVE
-4 0 4 8 12 16

INPUT VOLTAGE (Volts)

Figure 7-4: Input current as a Function of Input Voltage
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Electrical Characteristics

PRELIMINARY FOR NCR 53C720SE

NCR TolerANT Technology

-200

-400 1.

N\

OUTPUT SINK CURRENT (milliAmperes)

-800

0 1 2 3 4
QUTPUT VOLTAGE (Volts)

Output source current as a function
of output voltage (Iopy)

OUTPUT SOURCE CURRENT (milliAmperes)

01 2 3 4 5
OUTPUT VOLTAGE (Voits)

Output sink current as a function of
output voltage (Ioy )

Figure 7-5: Output Current as a Function of Output Voltage
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Electrical Characteristics
AC Characteristics

AC Characteristics

The AC characteristics in this section apply over the entire range of operating conditions (refer to
Table 7-2, “Operating Conditions” ). Chip timings are based on simulation at worst case voltage, temper-

ature, and processing.

Clock Timings
l———— t | ——»
t3
14V
BCLK/SCLK N—
—->l 1, - -
ty
Figure 7-6: Clock Waveform
Table 7-13: Clock Timings
Parameter Symbol Min Max Units
Bus clock cycle ime (BCLK) t 40 DC ns
Bus Mode 1 30 DC ns
Bus Mode 2, 3, 4
SCSI clock cycle time (SCLK)* 15 60 ns
BCLK low time 1, 40% of BCLK DC ns
Bus Mode 1 cycle ime DC ns
Bus Modes 2, 3, 4
SCLK low time* 40% of SCLK 33 ns
cycle ime
BCLK high time 4 40% of BCLK - ns
Bus Mode 1 cycle ime - ns
Bus Modes 2, 3,4
SCLK high time 40% of SCLK 33 ns
cycle time
BCLK slew rate 4y 1 - V/ns
SCLK slew rate 1 - V/ns

* This parameter must be met to insure SCSI timings are within specification

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE

AC Characteristics
Reset Input
RESET/
\ ) /]
(( 2,
[e ty >
Figure 7-7: Reset Input Waveforms
Table 7-14: Reset Input Timings
Parameter Symbol Min Max Units
Reset pulse width t 10 - BCLK
Reset deasserted setup to BCLK high t 10 - ns
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AC Characteristics
Interrupt Output
) )
IRQ/ ( { ( —\
B t "l
Figure 7-8: Interrupt Output Waveforms
Table 7-15: Interrupt Output Timings
Parameter Symbol Min Max Units
BCLK high to IRQ/ high 19} - 20 ns
BCLK high to IRQ/ low ty - 58 ns
IRQ/ deassertion time t3 3 - BCLK

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 1 Slave Cycle

Bus Mode 1 Slave Cycle

Bus Mode 1 Slave
Read Sequence

1.

2
3
4.
5

7-12

R_W/, Address, and Size lines are asserted by the CPU.

. Address Strobe is asserted by the CPU.
. Chip Select is validated by the NCR 53C720/53C720SE on any following rising edge of BCLK.

Cache Burst Acknowledge is deasserted by the NCR 53C720/53C720SE.

. Two clock cycles of wait state are inserted (these wait states are required) and the data lines are

asserted by the NCR 53C720/53C720SE.

Slave Acknowledge is asserted by the NCR 53C720/53C720SE if the cycle ends normally, or Bus
Error is asserted if a bus error is detected.

STERM/ is sampled.
Address Strobe is deasserted by the CPU.

Slave Acknowledge or Bus Error is deasserted by the NCR 53C720/53C720SE and the data lines are
tristated by the NCR 53C720/53C720SE.
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Electrical Characteristics

Bus Mode 1 Slave Cycle

AS/
(Driven by CPU)

{Driven by CPU)

(")
(Driven by address
decoder)

CBACK/
(Driven by 53C720¢
§3C720SE)

SLACK/

BERR/

(Driven by 53C720/
53C720SE)

STERM/
(Driven by CPU)*

Read Data
(Driven by 53C720/
53C720SE)

Start

_—

Select

Wait

Wait

ACK

13

th—| |

A(6-0), $12(1-0 _<_
(6-0) éw) Vaiid

t,—|

—] ‘_tﬂ)
""t"
/
]
‘
— tia
Valid Read Data

* This signal may be driven the by NCR 53C720/53C720SE if the Enable ACK bit is set (DCNTL bit S). See the explanation in
Chapter 2 for use of this signal as an output.

Figure 7-9: Bus Mode 1 Slave Read Waveforms
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PRELIMINARY FOR NCR 53C720SE

Table 7-16: Bus Mode 1 Slave Read Timings

Parameter Symbol Min Max Units
AS/ setup to CS/ clocked active t 5 - ns
A(6-0), SIZ(1-0), R_W/ setup to t; 4 - ns
AS/

A(6-0), SIZ(1-0), R_W/hold from 13 8 - ns
AS/

CS/ setup to BCLK high after AS/ ¢, 5 - ns
CS/ hold from BCLK high after tg 5 - ns
AS/

BCLK high to CBACK/ high ts 5 30 ns
AS/ high to CBACK/ low ty 3 17 ns
BCLK high to SLACK/, BERR/ tg - 22 ns
low

AS/ high to SLACK/, BERR/ high t4 - 22 ns
STERM/ setup to BCLK high tyo 3 - ns
STERM/ hold from BCLK high ty 7 - ns
BCLK high to data bus driven 197} 8 28 ns
BCLK high to read data valid 3 - 75 ns
AS/ high to data bus high-Z t4 7 32 ns

7-14
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PRELIMINARY FOR NCR 53C720SE Elsctrical Characteristics
Bus Mode 1 Slave Cycle

|
Bus Mode 1 Slave
Write Sequence

R _W/, Address, and Size lines are asserted by the CPU.

Address Strobe is asserted by the CPU.

Chip Select is validated by the NCR 53C720/53C720SE on any following rising edge of BCLK.
Cache Burst Acknowledge is deasserted by the NCR 53C720/53C720SE

The data lines are asserted by the CPU.

A O o

Slave Acknowledge is asserted by the NCR 53C720/53C720SE if the cycle ends normally, or Bus
Error is asserted if a bus error is detected.

STERM/ is sampled.
8. Address Strobe is deasserted by the CPU.

-~

9. Slave Acknowledge or Bus Error is deasserted by the NCR 53C720/53C720SE.
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PRELIMINARY FOR NCR 53C720SE

BCLK

AS/
(Driven by CPU)

A(6-0), SIZ(1-0)
R_W/
(Driven by CPU)

Ccy/
(Driven by address
decoder)

CBACK/
(Driven by 53C720/
53C720SE)

SLACK/
BERR/

(Driven by 53C720/
53C720SE)

STERM/
(Driven by CPU)*

Write Data
{Driven by GPU)

STERM/

Start Select Wait

Wait

ACK

‘t" ,l — rb
__________ - \
‘ta —lp "—tg
Rty
lio—»| |a—

—> b3

t 12_’|
/

AN

Valid Write Data

* This signal may be driven by the NCR 53C720/53C720SE if the Enable ACK bit is set (DCNTL bit 5). See Chapter 2 for infor-
mation on using this signal as an output.

Note: data is latched on the rising edge of the ACK cycle when SLACK/ is asserted. Wait states cannot be inserted by using

7-16

Figure 7-10: Bus Mode 1 Slave Write Waveforms
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PRELIMINARY FOR NCR 53C720SE Electrical Characteristics

Bus Mode 1 Slave Cycle

Table 7-17: Bus Mode 1 Slave Write Timings

Parameter Symboi Min Max Units
AS/ setup to CS/ clocked active t) 5 - ns
A(6-0), SIZ(1-0), R_W/ setup to AS/ t, 4 - ns
A(6-0), SIZ(1-0), R/W/ hold from AS/ t3 8 - ns
CS/ setup to BCLK high after AS/ ty 5 - ns
CS/ hold from BCLK high after AS/ 5 - ns
BCLK high to CBACK! high 5 30 ns
AS/ high to SLACK/ BERR/ high t; 3 17 ns
BCLK high to SLACK/, BERR/ low Ty - 22 ns
AS/ high to SLACK/, BERR/ high %) - 22 ns
STERM/ (input) setup to BCLK high to 3 - ns
STERM/ (input) hold from BCLK high t;, 7 - ns
Write data setup to BCLK low t)2 4 - ns
Write data hold from BCLK low 13 6 - ns

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 1 Host Bus Arbitration

Bus Mode 1 Host Bus Arbitration

Bus Arbitration
Sequence

1. The NCR 53C720/53C7208SE internally determines bus mastership is required. If appropriate,
FETCHY/ is asserted.

2. Bus Request is asserted.

3. The NCR 53C720/53C720SE waits for Bus Grant and checks that Bus Grand Acknowledge is
deasserted. Then the NCR 53C720/53C720SE asserts Bus Grant Acknowledge and Master, and
deasserts Bus Request.

(First Cycle) (Last Cycle)
Last Qwner Request Grant Qwn Start Ack Release

Start Ack
o _f [\ | Y W W W5 VY N VY (i

t2

I"[_"‘ ( ()

sco |  / | \
B rglmega)l t3 : 1
us Requ! i
(Driven by SAC72059C712086) | - ~——1 "
BR/ \ / ((
(Driven by 53C720/53C7205E)

B
(Driven by CPU)**

AS/, STERM/***

1 15 -t

et 1
BGACK/” <-97

{Driven by CPU to start / \ 3
of grant cycle, driven by ——
53C720/53C720SE from
start of grant cycle.) ,_,l -
Master/
{Oriven by 53C720/ \ () ()
53C720SE) tya i ‘j
- 1 15 18

Fetch/ \

{Driven by 53C720/ () ()
53C720SE)

‘I_“)
|

*If the Fast Arbitration bit is set (DCNTL bit 1), the NCR 53C720/53C720SE will drive the BGACK]/ signal as soon as 1t
recetves a Bus Grant. One clock cycle of arbitration will be saved.

*** 4S8/ and STERM/ must be deasserted at this point for the NCR 53C720/53C720SE to take control of the bus.

Note: the NCR 53C720/53C720SE unll periodically assert the BR/ signal and receive a SCSI interrupt at the same time. When
this happens, the chip will wait for the BG/ signal to complete the normal bus arbitration handshake. The chip no longer wants host
bus access—it deasserts the BR/, MASTERY, and all control lines after one BCLK, and does not assert TS/, the signal that indicates
a valid bus cycle is starting. The chip unll then generate an interrupt, which the system may service.

Figure 7-11: Bus Mode 1 Host Bus Arbitration
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Table 7-18: Bus Mode 1 Host Bus Arbitration Timings

PRELIMINARY FOR NCR 53C720SE

tlectrical Characteristics
Bus Mode 1 Host Bus Arbitration

Parameter Symbol Min Max Unit
SCO high to BR/ low* 3 1 2 BCLK
BCLK high to SCO low on last cycles ty 5 28 ns
BCLK high to BR/ low t3 4 20 ns
BCLK high to BR/ high ty 5 25 ns
BG/ setup to BCLK high ts 4 - ns
(any rising edge after BR/)

BG/ hold from BCLK high te 5 - ns
(any rising edge after BRY)

BGACK/ setup to BCLK high t 5 - ns
(any rising edge after BR/)

BCLK high to BGACK/ low tg 4 24 ns
BCLK high to BGACK/ high to 3 19 ns
BCLK high to BGACK/ high-Z tio 7 32 ns
BCLK high to MASTER/ low 4 5 22 ns
BCLK high to MASTER!/ high 2 6 26 ns
BCLK high to FETCH/ low 3 5 36 ns
BCLK high to FETCH/ high 1S 5 36 ns
FETCH/ low to BR/ low 15 1 2 BCLK
BGACK! high to FETCH/ high** 41 1 2 BCLK

*When Snoop Mode bit 0 of CTEST3 is set to |

** During a retry operation, FETCH/ will remain low unul a successful completion of the op code fetch or a fatal bus error.

NCR 53C720/53G720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 1 Fast Arbitration

Bus Mode 1 Fast Arbitration

Fast Arbitraton
Sequence*

1. The 53C720/53C720SE internally determines if bus mastership is required. FETCH/ is asserted
during cycles in which the NCR 53C720/53C720SE is retrieving new SCRIPTS instructions.

2. Bus Request is asserted.

3. The NCR 53C720/53C720SE waits for Bus Grant. The NCR 53C720/53C720SE becomes bus
master asynchronously on the leading edge of BG/. The NCR 53C720/53C720SE asynchronously
asserts Bus Grant Acknowledge and Master, then deasserts Bus Request.

4. The NCR 53C720/53C720SE issues a start cycle on the next rising edge of BCLK.
* The Fast Arbitration bit must be set.

Note: In fast arbitration mode, the NCR 53C720/53C720SE will take bus ownership on the assertion of
BG/ regardless of the state of BR/ or BGACK/
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Bus Mode 1 Fast Arbitration

(First Cycle) (Last Cycle)
Request and Grant Start Ack Ack Release
[\ .\ ) /
Bk W \_?j A/ \
Y

))

BR/ 4y h y i
(Driven by 53C720/
53C720SE) t --1

/'\
/
oy |\ sy /
53CT206)
Figure 7-12: Bus Mode 1 Fast Arbitration
Table 7-19: Bus Mode 1 Fast Arbitration Timings

Parameter Symbol Min Max Units
BCLK high to BR/ asserted t - 20 ns
BG/ setup to BCLK high ty 12 - ns
BG/ asserted to BR/ deasserted t3 - 22 ns
BG/ asserted to BGACK!/ asserted ty - 20 ns
BG/ asserted to MASTER! asserted ts - 16 ns
BG/ hold after BR/ deasserted* 193 0 - ns
BR/ asserted to BG/ asserted t; 0 - ns

*BG/ may not be asserted prior to BR/
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 1 Master Cycle

Bus Mode 1 Master Cycle

Bus Mode 1 Master
Read Sequence

1.
2.

7-22

The NCR 53C720/53C720SE has attained bus mastership.

The NCR 53C720/53C7208SE asserts the R_W/, Snoop Control, Function Control, and general
purpose lines.

The NCR 53C720/53C720SE asserts the address and size lines.

The NCR 53C720/53C720SE asserts Address Strobe, Cache Burst Request (if bursting is enabled),
and Data Strobe.

The NCR 53C720/53C720SE waits for Synchronous Termination, Valid Data, Cache Burst
Acknowledge, Bus Error, and Halt.

» If Cache Burst Acknowledge is asserted, attempt bursting. Otherwise, proceed with non-cache
transfers.

= If Bus Error and Halt are asserted, attempt a retry.

» If Synchronous Termination is asserted without Bus Error or Halt, and the NCR 53C720/
53C720SE requires more cycles, then return to step 3.

Upon acknowledge of the last bus cycle, the NCR 53C720/53C720SE deasserts Master and Bus
Grant Acknowledge.

The NCR 53C720/53C720SE floats the control and address lines.

NCR 53C720/53C720SE Data Manual
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Bus Mode 1 Master Cycle

Oown Start ACK Start Wait ACK Release

BCLK

BOFF/
(Driven by CPU)

AS/
{Driven by 53C720¢
53C720SE)

STERW
(Driven by Memory)

tyg r‘—

SIZ(1-0), A(31-0) — Oid Addr #1 Addr #2 e
SAOA) < o4 X A )

53C720SE
) - t12"‘ ti3

R_W/
SC(1-0)*, FC(2-0) ——( Valid for all transfers within this ownership )—
UPSO

(Driven by 53C720/ =t
53C720SE) f*-tis

Read Data
(Driven by Memory)

- t1j: -
DS/
(Driven by 53C720/ ) _\_
53C720SE)

T b
:
[:s

CBREQ/
(Driven by 53C720/
53C720SE)

CBACK/
{Driven by Memory)

BERR/
HALT/
(Driven by Memory)

* SC(1-0) timings apply only if Snoop Mode bit 0 of CTEST3 = 0

Figure 7-13: Bus Mode 1 Bus Master Read (Cache Line Burst Requested but not Acknowledged)
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Electrical Characteristics
Bus Mode 1 Master Cycle

PRELIMINARY FOR NCR 53C720SE

BOFF/
(Driven by CPU)

AS/
(Driven by 53C720/
53C720SE)

S1Z(10), A(31-0) —
(Driven by 53C720/
53C720SE) —e]

RW —

SC(1-0)*, FC(2-0)
UPSO

(Driven by 53C720/
53C720SE)
Read Data

ACK Release

Addr #1, Size =

o

Valid for all transfers within this ownership

——I

-

|l1-4‘15

(Driven by memory)

—

DS/ _ ]
(Driven by 53C720/
53C720SE)

CBREQ/) = — = = -/

(Driven by 53C720/
53C720SE)

CBACK/
(Driven by memory)

BERR/
HALT/
(Driven by memory)

_1\4*

o) )y (Co———

da |

L

i~ ™~

* SC(1-0) tmings apply only if Snoop Mode bit 0 of CTEST3 = 0
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Figure 7-14: Bus Mode 1 Bus Master Read (Cache Line Burst)
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PRELIMINARY FOR NCR 53C720SE

Table 7-20: Bus Mode 1 Master Read Timings

Electrical Characteristics
Bus Mode 1 Master Cycle

Parameter Symbol Min Max Units
BOFF/ setup to BCLK high T 8 - ns
BOFF/ hold from BCLK high t, 7 - ns
BCLK high to AS/ driven t3 5 32 ns
BCLK low to AS/ low 1y 3 15 ns
BCLK low to AS/ high ts 3 15 ns
BCLXK high to AS/ high-Z tg 7 34 ns
STERM setup to BCLK high ty 3 - ns
STERM/ hold from BCLK high tg 7 - ns
BCLK high to SIZ(1-0), A(31-0) driven t 5 28 ns
BCLK high to SIZ (1-0), A(31-0) valid 10 4 20 ns
BCLK high to SIZ(1-0), A(31-0) high-Z ty 7 34 ns
BCLK high to R_W/, SC(1-0), FC(2-0), UPSO driven and valid t)2 5 28 ns
BCLK high to R_W/, SC(1-0), FC(2-0), UPSO high-Z t3 6 30 ns
Read Data setup to BCLK low ti4 4 - ns
Read Data hold from BCLK low ty5 6 - ns
BCLK h igh to DS/ driven te 5 28 ns
BCLK low to DS/ low ty7 3 17 ns
BCLK low to DS/ high 118 3 17 ns
BCLK high to DS/ high-Z 19 7 32 ns
BCLK high to CBREQY driven tyg 5 28 ns
BCLK high to CBREQ/ low 123 3 18 ns
BCLK low to CBREQY high ty 3 18 ns
BCLK high to CBREQ/ high-Z ty3 7 32 ns
CBACK!/ setup to BCLK low ta4 8 - ns
CBACK! hold from BCLK low tz5 4 - ns
BERR/, HALT/ setup to BCLK low te 6 - ns
BERR/, HALTY hold from BCLK low ty7 4 - ns

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 1 Master Cycle

]
Bus Mode 1 Bus Master
Write Sequence

1.
2.

SO

7-26

The NCR 53C720/53C720SE has attained bus mastership.

The NCR 53C720/53C720SE asserts the R_W/, Snoop Control, Function Control, and General
Purpose lines

The NCR 53C720/53C720SE asserts the Address, Size, and Data lines
The NCR 53C720/53C720SE asserts Address Strobe and Cache Burst Request.
The NCR 53C720/53C720SE asserts Data Strobe.

The NCR 53C720/53C720SE waits for Synchronous Termination, Cache Burst Acknowledge, Bus
Error, and Halt.

s If Cache Burst Acknowledge is asserted, attempt bursting. Otherwise, proceed with non-cache
transfers.

» If Bus Error and Halt are asserted, attempt a retry.

« If Synchronous Termination is asserted without Bus Error or Halt, and the NCR 53C720/
53C720SE requires more cycles, then return to step 3.

Upon acknowledge of the last bus cycle, the NCR 53C720/53C720SE deasserts Master and Bus
Grant Acknowledge

The NCR 53C720/53C720SE floats the Control, Address, and Data lines.

NCR 53C720/53C720SE Data Manual



PRELIMINARY FOR NCR 53C720SE Electrical Characteristics
Bus Mode 1 Master Cycle

ACK

BCLK

BOFF/
(Driven by CPU)

AS/
(Driven by 53C720/
53C720SE)

STERW/
(Driven by Memory)

SIZ(1-0), A31-0) —t oid adr# X Addr #2 )
Drivan by 53C720/

53C720SE
. th- o t13

R_W/
SC(1-0)", Fc(g':s% ——( Valid for all transfers within this ownership )—
UP:
(Driven by 53C720/ t t
53C720SE 5
) <—>‘ <—|—| __-l
Wiite Data —t———( 0d X Data#t X Data #2 r—

(Driven by 53C720/
53C720SE)

Ds/
(Driven by 53C720/
53C720SE)

CBREQ/
(Driven by 53C720/
53C720SE)

CBACK/
{Driven by Memory)*

BERR/
HALT/
{Driven by Memory)

*SC(1-0 timings apply only if Snoop Mode bit 0 of CTEST3 = 0

Figure 7-15: Bus Mode 1 Bus Master Write (Cache Line Burst Requested but not Acknowledged)
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Electrical Characteristics

Bus Mode 1 Master Cycle

PRELIMINARY FOR NCR 53C720SE

Take Ownership  Start
BCLK

ACK

ACK ACK ACK

BOFF/
(Driven by CPU)

AY
(Driven by 53C720/
53C720SE)

STERW
(Driven by Memory)

Release

$1Z(1-0),A31-0) ——{ oid X

Addr #1, Size=0

(Oriven by 53C720/
53C720SE) ~1t, fa—

Valid for

all transfers within this ownership

AW —(
SC(1-0)*, FC(2-0)
UPSO

(Driven by 53C72%/
53C720SE)

- ety

Write Data —f Old

Data

# X pata#2 X Data#3
[

(Driven by 53C72(¢/
53C720SE)

DY
(Driven by 53C720/
53C720SE)

CBREQ/
(Oriven by 53C720/
53C720SE)

CBACK/
(Driven by Memory)

BERR/
HALT/
(Driven by Memory)

* SC(1-0) timings apply only if the Snoop Mode bit (CTEST3 bit 0) 1s clear.
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Figure 7-16: Bus Mode 1 Bus Master Write (Cache Line Burst)
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Table 7-21: Bus Mode 1 Master Write Timings

Electrical Characteristics
Bus Mode 1 Master Cycle

Parameter Symbol Min Max Units
BOFF/ setup to BCLK high 1 9] 8 - ns
BOFF/ hold from BCLK high T 7 - ns
BCLK high to AS/ driven t3 5 32 ns
BCLK low to AS/ low ty 3 15 ns
BCLK low to AS/ high ts 3 15 ns
BCLK high to AS/ high-Z tg 7 34 ns
STERM/ setup to BCLK high ty 3 - ns
STERM hold from BCLK high tg 7 - ns
BCLK high to SIZ(1-0), A(31-0) driven ty 5 28 ns
BCLK high to SIZ(1-0), A(31-0), valid tio 4 20 ns
BCLK high to SIZ(1-0), A(31-0) high-Z t 7 34 as
BCLK high to R_W/, SC(1-0), FC(2-0), UPSO driven and valid g2 5 28 ns
BCLK high to R_W/, SC(1-0), FC(2-0), UPSO high-Z 3 6 30 ns
BCLK high to Write Data driven tyy 6 34 ns
BCLK high to Write Data valid s 6 24 ns
BCLK high to Write Data high-Z t1s 6 32 ns
BCLK high to DS/ driven ty7 5 32 ns
BCLK low to DS/ low tig 3 17 ns
BCLK low to DS/ high 197 3 17 ns
BCLK high to DS/ high-Z ty0 7 34 ns
BCLK high to CBREQY/ driven ) 5 30 ns
BCLK low to CBREQY/ low tz2 3 18 ns
BCLK low to CBREQ/ high ty3 3 18 ns
BCLK high to CBREQ/ high-Z g 7 32 ns
CBACK/ setup to BCLK high ts 8 - ns
CBACK/ hold from BCLK high 6 4 - ns
BERR/, HALT/ setup to BCLK low ty7 6 - ns
BERR/, HALT hold from BCLK low tg 4 - ns

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 2 Slave Cycle

Bus Mode 2 Slave Cycle

.|
Bus Mode 2 Slave
Read Sequence

1
2
3.
4
5

o

10.

7-30

R_W/, Address, Transfer Start, and the Size lines are asserted by the CPU.
Chip Select is validated by the NCR 53C720/53C720SE on any following rising edge of BCLK.

Transfer Burst Inhibit is asserted.

. Transfer Start is deasserted by the CPU.

. Three clock cycles of wait state are inserted (these wait states are required) and the data lines are

asserted.

Slave Acknowledge is asserted by the NCR 53C720/53C720SE, if no errors are detected.

If a bus error is detected, only Transfer Error Acknowledge is asserted and the bus cycle ends on the
next rising edge of BCLK.

Slave Acknowledge or Transfer Error Acknowledge is deasserted.

The NCR 53C720/53C720SE waits for Transfer Acknowledge to be asserted and then ends the slave
cycle, if no errors are detected.

The data lines are tristated by the NCR 53C720/53C720SE.

NCR 53C720/53C720SE Data Manual



PRELIMINARY FOR NCR 53C720SE Electrical Characteristics
Bus Mode 2 Slave Cycle

Start Select Wait Wait Wait ACK

BCLK

TS/
(Driven by CPU)

cS/
(Driven by address decoder)

TBY

{Driven by 53C720/
53C720SE)

TEN

(Driven by 53C720/
53C720SE)

SLACK/
(Driven by 53C720/
53C720SE)

™w
(Driven by CPU, EA set)

™"
(Driven by CPU, EA clear)

Read Data Valid Read Data
(Driven by 53C720/
53C720SE)

A(6-0), SIZ(1-0) Valid
R_W/
(Driven by CPU)

* This signal may be driven by the NCR 53C720/53C7208E if the Enable Ack bit is set (DCNTL bit 5). See the explanation in
Chapter 2 of this manual for use of this signal as an outpul.

Figure 7-17: Bus Mode 2 Slave Read

NCR 53C720/53C720SE Data Manual
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Electrical Charactsristics PRELIMINARY FOR NCR 53C720SE

NCR 53C720/53C720SE Data Manual

Bus Moda 2 Slave Cycle
Table 7-22: Bus Mode 2 Slave Read Timings
Parameter Symbol Min Max Units
TS/ setup to BCLK high 11} 4 - ns
TS/ hold from BCLK high t, 4 - ns
CS/ setup to BCLK high after TS/ 3 5 - ns
CS/ hold from BCLK high after TS/ 5 - ns
BCLK high to TBI/ low 5 30 ns
BCLK high to TBI/ high 4 22 ns
BCLK high to SLACK/, TEA/ low t 5 20 ns
BCLK high to SLACK/, TEA/ high 4 20 ns
TA/ setup to BCLK high during or after SLACK/, 9 - ns
TEA/
TA/ hold from BCLK high during or after tio 5 - ns
SLACK/, TEA/
BCLK high to data bus driven ) 8 28 ns
BCLK high to read data valid t2 - 75 ns
BCLK high to data bus high-Z 3 7 34 ns
A(6-0), SIZ(1-0), R_W/ setup to BCLK high 137 4 - ns
A(6-0), SIZ(1-0), R_W/ hold from BCLK high 15 12 - ns
BCLK high to TBI/ high-Z 46 8 32 ns
BCLK high to TEA/ driven t7 8 27 ns
BCLK high to TEA/ high-Z tg 9 34 ns
BCLK high to TA/ driven tio 8 27 ns
BCLK high to TA/ high-Z ty 9 33 ns
7-32



PRELIMINARY FOR NCR 53C720SE Electrical Characteristics
Bus Mode 2 Slave Cycle

|
Bus Mode 2 Slave
Write Sequence

R_W/, Address, Transfer Start, and the Size Lines are asserted by the CPU.

Chip Select is validated by the NCR 53C720/53C720SE on any following rising edge of BCLK.
Transfer Burst Inhibit is asserted.

Transfer Start is deasserted by the CPU.

The data lines are asserted by the CPU.

Three clock cycles of wait state are inserted (these wait states are required).

Slave Acknowledge is asserted by the NCR 53C720/53C720SE, if no errors are detected.

® N ook Wb

If a bus error is detected, only Transfer Error Acknowledge is asserted and the bus cycle ends on the
next rising edge of BCLK.

9. The NCR 53C720/53C720SE waits for Transfer Acknowledge to be asserted and then ends the slave
cycle, if there are no errors.

10. Slave Acknowledge or Transfer Error Acknowledge is deasserted.

NCR 53C720/53C720SE Data Manual 7-33



Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 2 Slave Cycla -

Start Select Wait Wait Wait ACK

o]

e
tz—’
Y, ff

(Driven by CPU) 3 _.{

v T ]

(Driven by address decoder) —

»

5 [
TBY I —
(Oriven by 536720  _ _ __ _ _| -——1r- ,

53C720SE)

su;cwx/ t; —s]
(Driven by 53C720/ \ /

53C720SE)

tyg —
wW —___ ___rr I 115
(Driven by : : v
NCR 530720’5307?085, \—
EA bit set) toe] e
—»

W
(Driven by CPU,
EA bit clear)*

Write Data Valid Write Data
{Driven by CPU) t“

A(6-0), S1Z(1-0) Valid
A_W/
(Driven by CPU) )

*This signal may be driven by the NCR $3C720/53C720SE if the Enable Ack bit (DCNTL bic 5) is set. See the explanation in
Chapter 2 of this manual for use of this signal as an output.

Figure 7-18: Bus Mode 2 Slave Write
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PRELIMINARY FOR NCR 53C720SE Electrical Characteristics

Bus Mode 2 Slave Cycle

Table 7-23: Bus Mode 2 Slave Write Timings
Parameter Symbol Min Max Units
TS/ setup to BCLK high t 4 - ns
TS/ hold from BCLK high ty 4 - ns
CS/ setup to BCLK high after TS/ t3 5 - ns
CS/ hold from BCLK high after TS/ ty 5 - ns
BCLK high to TBI/ low tg 5 30 ns
BCLK high to TBI/ high tg 4 22 ns
BCLK high to SLACK/, TEA/ low ty 5 20 ns
BCLK high to SLACK/, TEA/ high tg 4 20 ns
TA/ setup to BCLK high during or after SLACK/, 1t 9 - ns
TEA/
TA/ hold from BCLK high during or after tio 5 - ns
SLACK/, TEA/
Valid write data setup to BCLK high th 6 - ns
Valid write data hold from BCLK high t)2 14 - ns
A(6-0), SIZ(1-0), R_W/ setup to BCLK high ti3 4 - ns
A(6-0), SIZ(1-0), R_W/ hold from BCLK high t14 12 - ns
BCLK high to TA/ driven tys5 8 27 ns
BCLK high to TA/ high-Z e 9 33 ns

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 2 Host Bus Arbitration

Bus Mode 2 Host Bus Arbitration

Bus Mode 2 Bus
Arbitration Sequence

1.

during cycles in which the NCR 53C720/53C720SE is retrieving new SCRIPTS instructions.
Bus Request is asserted.

The NCR 53C720/53C720SE waits for BG/ and checks that BB/ is deasserted. Then the NCR
53C720/53C720SE asserts BB/ and MASTER/, and deasserts BR/.

The NCR 53C720/53C720SE internally determines bus mastership is required. FETCH/ is asserted

(First Cycle) {Last Cycle)

Last Owner Request Grant Start Ack Start Ack Release
and Own

(JJ. "5 [ VA W A W) (R GV A W (R Y A

[

$C0 __/
(Internal t t
Bus Request) 3 4

(Ortven by 53C720/ - "_'I
53C720SE) ) )

BR/
(Driven by 53C720/
53C720SE)

Ba/
(Driven by CPU)

1
BYY "1 |
(Driven by CPU to start N -

of grant cycle, driven by 1(
53C720/53C720SE from 1
start of grant cycle.)* !

Master/ \ )

(Oriven by 53720/ { 114

53C7208E) tys -
-

Fetelv 3 / —
(Oriven by 53C720/ T 2
53C7208E)

* If the Fast Arbitration bit is set (DCNTL bit 1), the NCR 53C720/53C720SE will drive the Bus Grant Acknowledge signal as
soon as it recetves a bus grant. One clock cycle of arbitration will be saved.

Note: the NCR 53C720/53C720SE will periodically assert the BR/ signal and recesve a SCSI interrupt at the same time. When
this happens, the chip will wast for the BG/ signal to complete the normal bus arbitration handshake. The chip no longer wants host
bus access—it deasserts the BR/, MASTER/, and all control lines after one BCLK,, and does not assert TS/, the signal that indicates
a valid bus cycle is starting. The chip will next generate an interrupt which the system may service.

7-36

Figure 7-19: Bus Mode 2 Host Bus Arbitration
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Table 7-24: Bus Mode 2 Host Bus Arbitration Timings

Electrical Characteristics
Bus Mode 2 Host Bus Arbitration

Parameter Symbol Min Max Units
SCO high to BR/ low* Y 1 2 BCLK
BCLK high to SCO low on last cycle* t, 5 28 ns
BCLK high to BR/ low t3 4 20 ns
BCLK high to BR/ high 17} 5 25 ns
BG/ setup to BCLK high (any rising edge after BR/) 4 4 - ns
BG/ hold from BCLK high (any rising edge after 5 - ns
BR/)

BB/ setup to BCLK high (any rising edge after BR/) t; 4 - ns
BCLK high to BB/ low tg 4 24 ns
BCLK high to BB/ high ty 3 19 ns
BCLK high to BB/ high-Z tio 7 32 ns
BCLK high to MASTER/ low t, 5 22 ns
BCLK high to MASTER!/ high t12 6 26

BCLK high to FETCH/ low ti3 5 36 ns
BCLK high to FETCH/ high 4 5 36 ns
FETCH/ low to BR/ low 45 1 2 BCLK
BB/ high to FETCH/ high** e 1 2 BCLK

*When Snoop Mode bit of CTEST3 is set to 1.

**During a retry operation, FETCH/ will remain low until successful completion of an op code fetch or a fatal bus error.

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 2 Fast Arbitration

Bus Mode 2 Fast Arbitration

Bus Mode 2 Fast
Arbitraton Sequence*

1. The NCR 53C720/53C720SE determines bus mastership is required. FETCHY is asserted during
cycles in which the NCR 53C720/53C720SE is retrieving new SCRIPTS instructions.

2. Bus request is asserted

3. The NCR 53C720/53C720SE waits for Bus Grant. The NCR 53C720/53C720SE becomes bus
master asynchronously on the leading edge of BG/. Then the NCR 53C720/53C720SE
asynchronously asserts Bus Busy and Master, and deasserts Bus Request.

4. The NCR 53C720/53C7208SE issues a start cycle on the next rising edge of BCLK.

* Fast Arbitration bit must be set.

Note: in fast arbitration mode, the NCR 53C720/53C720SE will take bus ownership on the assertion of
BG/ regardless of the state of BR/ or BB/.
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Electrical Characteristics

Bus Mode 2 Fast Arbitration
(irst Cycle} {Last Cycle)
Request and Grant Start Ack Ack Releass
bk _f ' J __ ) \___/ \N____ [

BRY
(Oriven by 53C720/
53CT208E)

BG/
(Driven by CPUY**

W
(Driven by 53C720)
BG”
(Oriven by CPU to start
of grant cycle, driven by
53C720/53CT20SE from
start of grank cycle)
Mastor \ )
(Driven gyacsragszg tg :_l 1(
Fch | /
(Driven by 53CT2Y [\ (’ ()
53C720SE)
Figure 7-20: Bus Mode 2 Fast Arbitration
Table 7-25: Bus Mode 2 Fast Arbitration Timings
Parameter Symbol Min Max Units
BCLK high to BR/ asserted Yy - 20 ns
BG/ setup to BCLK high 1) 12 - ns
BG/ asserted to BR/ deasserted 13 - 22 ns
BG/ asserted to BB/ asserted Ty - 20 ns
BG/ asserted to MASTER/ asserted t5 - 16 ns
BG/ hold after BR/ deasserted tg 0 - ns
BR/ asserted to BG/ asserted t7 0 - ns

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 2 Master Cycle

Bus Mode 2 Master Cycle

Bus Mode 2 Master
Read Sequence

1.
2,

The NCR 53C720/53C720SE has attained bus mastership.

The NCR 53C720/53C720SE asserts the R_W/, Snoop Control, Transfer Modifier, and Transfer

Type lines.

a. The NCR 53C720/53C720SE asserts Transfer in Progress.

b. The NCR 53C720/53C720SE asserts Transfer Start, Address, and Size lines.

The NCR 53C720/53C720SE deasserts Transfer Start.

5. The NCR 53C720/53C720SE waits for Transfer Acknowledge, Valid Data, Transfer Burst Inhibit, and

7-40

Transfer Error Acknowledge.

» If Transfer Burst Inhibit is not asserted, attempt cache bursting. Otherwise, proceed with non-

cache transfers.

« If Transfer Error Acknowledge and Transfer Acknowledge are asserted, attempt a retry.

= If Transfer Error Acknowledge is asserted and Transfer Acknowledge is not asserted, a bus fault

condition will be generated.

s If Transfer Acknowledge is asserted and Transfer Error Acknowledge is not asserted and the NCR

53C720/53C720SE requires more cycles, then return to step 3b.

Upon acknowledge of the last bus cycle, the NCR 53C720/53C720SE deasserts Master, Bus Busy,

and Transfer in Progress.

The NCR 53C720/53C720SE floats the Control and Address lines.

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics
Bus Mode 2 Master Cycle

BOFF/
(Driven by CPU)

TP/
(Driven by 53C720/
53C720SE)

TS/
{Driven by 53C720/
53C720SE)

1LY
(Driven by memory)

SIZ(1-0), A(31-0)
(Driven by 53C720/
53C720SE)

R_W/

SC(1-0)*, TM(2-0)
TT1(1-0)

(Driven by 53C720/
53C720SE)

Read Data
(Driven by memory)

DLE
{Driven by Memory)

T8I/
(Driven by memory)

TEA
(Driven by memory)

] U

Own Start ACK Start Wait ACK

S W

13

t3 > ta T
—— od X s X Addr #2 —
t16 I‘— 1 t17
——( Valid for all transfers within this ownership )—
"L‘-h 8
|<-t19
C- D

SC(1-0) timings apply only if Snoop Mode bit, bit 0 of CTEST3 = 0

Figure 7-21: Bus Mode 2 Bus Master Read (Cache Line Burst Requested but not Acknowledged)

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics

Bus Mode 2 Master Cycle

PRELIMINARY FOR NCR 53C720SE

Own Start ACK ACK ACK ACK  Release
BCLK _\__/ \ [\ \
- |t
b tg "—
BOFF/ \ i
(Driven by CPU)
- tg
— t5
TIP/ }:\. -
(Driven by 53C720/
53C720SE) t
tg f*=
TS/ \ [ -
(Driven by 53C720/ et
53C720SE) "
tye
W \ / \ / \ [ |

(Driven by memory)

s1z(1-0), A31-0) ——

Addr #1, Size =3

(Driven by 53C720/
53C720SE)
—tyg In—
R_W/ /
SC(1-0)*, TM(2-0) \

Valid for all transfers within this ownership

TT(1-0)
(Driven by 53C720/
53C720SE)

| tyg

->t19|<-

Read Data
(Driven by memory)

DLE

{ Data #1 }{_ Data £2)~ Data #3

Data #4 )————

tay

(Driven by Memory)

T8I/
(Driven by memory)

TEeN
{Driven by memory)

<—t22

123 |-

g
-

SC(1-0) timings apply only if the Snoop Mode bit (bit 0 of CTESTO) is zero.
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Figure 7-22: Bus Mode 2 Bus Master Read (Cache Line Burst)
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Elsctrical Characteristics

Bus Mode 2 Master Cycle

Table 7-26: Bus Mode 2 Bus Master Read Timings
Parameter Symbol Min Max Units
BOFF/ setup to BCLK high 11 8 - ns
BOFF/ hold from BCLK high t, 7 - ns
BCLK high to TIP/ driven 13 5 32 ns
BCLK high to TIP/ low 1, 3 20 ns
BCLK high to TIP/ high t5 3 20 ns
BCLK high to TIP/ high-Z tg 7 32 ns
BCLK high to TS/ driven tg 5 30 ns
BCLK high to TS/ low ty 3 17 ns
BCLK high to TS/ high t 4 17 ns
BCLK high to TS/ high-Z to 7 32 ns
TA/ setup to BCLK high t 9 - ns
TA/ hold from BCLK high 2 5 - ns
BCLK high to A(31-0), SIZ(1-0) driven t3 5 28 ns
BCLK high to A(31-0), SIZ(1-0) valid ti 5 20 ns
BCLK high o A(31-0), SIZ(1-0) 15 7 32 ns
BCLK high to R_W/, SC(1-0), TM(2-0), TT(1-0) 144 5 30 ns
driven and valid
BCLK high to R_W/, SC(1-0), TM(2-0), TT(1-0) t,, - 32 ns
high-Z
Read Data setup to BCLK high s 6 - ns
Read data hold from BCLK high tyo 6 - ns
Read data setup to DLE low tyo 4 - ns
Read data hold from DLE low t7) 6 - ns
TBV/ setup to BCLK high tao 6 - ns
TBU hold from BCLK high ty3 4 - ns
TEA/ setup to BCLK high ty 9 - ns
TEA/ hold from BCLK high tys 5 - ns

NCR §3C720/53C720SE Data Manual
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Electrical Charactaristics PRELIMINARY FOR NCR 53C720SE
Bus Mode 2 Master Cycle

Bus Mode 2
Bus Master Write Sequence

1.
2,

7-44

The NCR 53C720/53C720SE has attained bus mastership.

The NCR 53C720/53C720SE asserts the R_W/, Snoop Control, Transfer Modifier, and Transfer
Type Lines.

a. The NCR 53C720/53C720SE asserts Transfer in Progress
b. The NCR 53C720/53C720SE asserts Transfer Start, Address, Size lines, and Data lines.
The NCR 53C720/53C720SE deasserts Transfer Start.

The NCR 53C720/53C720SE waits for Transfer Acknowledge, Transfer Burst Inhibit, and Transfer
Error Acknowledge

s If Transfer Burst Inhibit is not asserted, attempt cache bursting. Otherwise, proceed with non-
cache transfers.

s If Transfer Error Acknowledge and Transfer Acknowledge are asserted, attempt a retry.

s If Transfer Error Acknowledge and Transfer Acknowledge is not asserted, a bus fault condition
will be generated.

= If Transfer Acknowledge is asserted and Transfer Error Acknowledge is not asserted and the NCR

53C720/53C720SE requires more cycles, then return to step 3b.

Upon acknowledge of the last bus cycle, the NCR 53C720/53C720SE deasserts Master, Busy, and
Transfer in Progress.

. The NCR 53C720/53C720SE floats the Control, Address, and Data lines.

NCR 53C720/53C720SE Data Manual
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Electrical Characteristics
Bus Mode 2 Master Cycle

Own Start ACK
BCLK

BOFF/

TIP/
(Driven by 536720/

Start

Wait

53C720SE)

TS/
(Driven by 53C720/
53C720SE)

1LY
{Driven by memory)

T | e
SIZ(1-0), A(31-0) — Oid Addr #1 x Addr #2 }——
(Driven by 53C720/ —( X |
53C720SE) 17
—t46 I-— - -
w/
SC(1-0)", TMF(‘E.O) ——( Valid for all transfers within this ownership )———
(10

(Driven by 53C720/
53C720SE)

Wit Data ———( Od X  Da#i
J

(Driven by 53C720/
53C720SE)

TBI/
(Driven by memory)

TEN
(Driven by memory)

*SC(1-0) umings apply only if the Snoop Mode bit (bit 0 of CTEST3) is zero.

Figure 7-23: Bus Mode 2 Bus Master Write (Cache Line Burst Requested but not Acknowledged)
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Electrical Characteristics PRELIMINARY FOR NCR 53C720SE
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Own Start ACK ACK ACK ACK Release

LA A I

(Driven by 53C720/
63C720SE)

TS/ - 4/ \ ,
(Driven by 53C720/

Jat— { 1
53C720SE) t
12

TA/ fatae s, Ty ‘
(Driven by memory) [ L J \ /-\ [-\

SIZ(1-0), A(31-0) = old Addr #1, Size = 3
(Driven by 53C720/ — A
53C720SE)
—tse r<— 1y
R_W/
SC(1-0)*, TM{2-0) ——( Valid for all transfers within this ownership )—
TT(1-0
(Driven by 53C720/ ta0
53C720SE) tyg \ F‘ -—
[— 'I — l49
\
wite pata ————0i0X___ Data#1 Data#2 X Data#3 X Data #4
(Driven by 53C720/ A /
53C720SE) | [t2
TBI/ DM /
(Driven by memory)

o 7

(Driven by memory)

*SC(1-0) timings apply only if the Snoop Mode bit (CTEST?3, bit 0) is zero.

Figure 7-24: Bus Mode 2 Bus Master Write (Cache Line Burst)
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Bus Mode 2 Master Cycle

Table 7-27: Bus Mode 2 Bus Master Write Timings
Parameter Symbol Min Max Units
BOFF/ setup to BCLK high t 8 - ns
BOFF/ hold from BCLK high t, 7 - ns
BCLK high to TIP/ driven 13 5 32 ns
BCLK high to TIP/ low 1y 3 20 ns
BCLK high to TIP/ high t5 3 20 ns
BCLK high to TIP/ high-Z 193 7 32 ns
BCLK high to TS/ driven ty 5 30 ns
BCLK high to TS/ low tg 3 17 ns
BCLK high to TS/ high ty 3 17 ns
BCLK high to TS/ high-Z 191 7 32 ns
TA/ setup to BCLK high L% 9 - ns
TA/ hold from BCLK high 2 5 - ns
BCLK high to A(31-0), SIZ(1-0) driven 3 5 30 ns
BCLK high to A(31-0), SIZ(1-0) valid Ty 3 20 ns
BCLK high to A(31-0), SIZ(1-0) high-Z s 7 32 ns
BCLK high to R_W/, SC(1-0), TM(2-0), tie 5 30 ns
TT(1-0) driven and valid
BCLK high to R_W/, SC(1-0), TM(2-0), t7 5 32 ns
TT(1-0) high-Z
BCLK high to write data driven g 5 34 ns
BCLK high to write data valid tio 7 24 ns
BCLK high to Write data high-Z tz0 5 30 ns
TBI/ setup to BCLK high ty) 6 - ns
TBI/ hold from BCLK high tyy 4 - ns
TEA/ setup to BCLK high ty3 9 - ns
TEA/ hold from BCLK high thy 5 - ns

NCR 53C720/53C720SE Data Manual
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Bus Mode 2 Mux Mode Cycle

Mux Mode Read
Sequence
1. The NCR 53C720/53C720SE has attained bus mastership
2. The NCR 53C720/53C720SE asserts the R_W/, Snoop Control, Function Control, and Transfer
Type lines.
3.
a. The NCR 53C720/53C720SE asserts Transfer in Progress .
b. The NCR 53C720/53C720SE asserts the Transfer Start, Address, and Size lines.
4. The NCR 53C720/53C720SE deasserts Transfer Start and floats the address lines.
5. The NCR 53C720/53C720SE waits for transfer acknowledge, Valid Data driven on the data pins,
Transfer Burst Inhibit, and Transfer Error Acknowledge.
» If Transfer Burst Inhibit is not asserted, attempt cache bursting. Otherwise, proceed with non-
cache transfers.
¢ If Transfer Error Acknowledge and Transfer Acknowledge are asserted, attempt a retry.
s If Transfer Error Acknowledge is asserted and Transfer Acknowledge is not asserted, a bus fault
condition will be generated.
» If Transfer Acknowledge is asserted and Transfer Error Acknowledge is not asserted and the NCR
53C720/53C720SE requires more cycles, then return to step 3b.
6. The NCR 53C720/53C720SE deasserts the control lines.
7. Upon acknowledgment of the last bus cycle, the NCR 53C720/53C720SE deasserts Master and Bus

Grant Acknowledge.

Note: this mode of operation expects D(31-0) to be physically tied to A(31-0), respectively.
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BOLK J'_\_/_\_‘
.y

BG/
(Driven by CPU)

MASTER/
(Driven by 53C720/
53C720SE)

TS
{Driven by 53C720/
§3C720SE)

™
Driven by Memory)

Address,

SIZ(1-0)*

(Driven by 53C720/
53C720SE)

Read Data
{Driven by Memory)

Grant

Own

[\

Start

ACK Start ACK

S A A

Release

ts

\ [
LT
P A \ [ "\ [ ]
o et -
i 1 y——(Vald #2)—
-

1

b

* For cache line bursting, the value of the SIZ(1-0) bits must be 03h

Y

{2
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Figure 7-25: Mux Mode Read Cycle (Cache Line Burst Requested but not Acknowledged)
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Bus Mode 2 Mux Mode Cycle
Grant Own Start ACK ACK ACK ACK Release
LS AN BV A U (R U (Y AU B W A
BG/
(Driven by CPU) \—'/
MASTER/ — [
(Driven by 53C720/ \
53C720SE)
TS/ | N
(Driven by 53C720/
53C720SE) 7, 7y
223 £
w i )
(Driven by Memory)
S0
1- Valid #1
(Driven by 530(720/ =/
53C720SE) ts-—L4
t 4 l‘.
Read Data {n X 2 X B8 X #u
(Driven by Memory) T T
Figure 7-26: Mux Mode Read Cycle (Cache Line Burst)
Table 7-28: Bus Mode 2 Mux Mode Read Timings
Parameter Symbol Min Max Units
BCLK high to Address driven 19 5 22 ns
BCLK high to Address high-Z tp - 23 ns
Read Data setup to BCLK high t3 5 - ns
Read data hold from BCLK high ty 6 - ns
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Mux Mode Write
Sequence
1. The NCR 53C720/53C720SE has attained bus mastership.
2. The NCR 53C720/53C720SE asserts the Read/Write, Snoop Control, Function Control, and
Transfer Type lines.
3.
a. The NCR 53C720/53C720SE asserts Transfer in Progress.
b. The NCR 53C720/53C720SE asserts Transfer Start, Address, Size lines, and floats the Data lines.
4. The NCR 53C720/53C720SE deasserts Transfer Start, floats the address bus, and asserts the data
bus.
5. The NCR 53C720/53C720SE waits for Transfer Acknowledge, Transfer Burst Inhibit, and Transfer
Error Acknowledge.
« If Transfer Burst Inhibit is not asserted, attempt cache bursting. Otherwise, proceed with non-
cache transfers.
* If Transfer Error Acknowledge and Transfer Acknowledge are asserted, attempt a retry.
» If Transfer Error Acknowledge is asserted and Transfer Acknowledge is not asserted, a bus fault
condition will be generated.
s If Transfer Acknowledge is asserted, Transfer Error Acknowledge is not asserted, and the NCR
53C720/53C720SE requires more cycles, return to step 3b.
6. The NCR 53C720/53C720SE deasserts the Control and Data lines.
7. Upon acknowledge of the last bus cycle, the NCR 53C720/53C720SE deasserts Master and Bus

Grant Acknowledge.

Note: This mode of operation expects D(31-0) to be physically tied to A(31-0), respectively.
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Grant Own Start ACK Start ACK Release

(U U (O U (R W Y B Y B W A
s | L/

(Driven by CPU)

BCLK _‘

53C720SE)

(Driven by sac'ég; _\——/ _\__/

§3C720SE)

wp - \if \ o/ \

(Driven by memory)

MASTER/ —
(Driven by 53C720/ \ /
[ —
[

12
Address, > |4" nd

SIZ(1-0)* —( Valid # 1 { valid#2)
(Driven by 53C720/
53C720SE) t
>l
. F e\ oo\ a0 )
Write Data 0ld Data Data #1 Data #2
(Driven by 53720/ — t Y— | —1
53C720SE) - e
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Figure 7-27: Mux Mode Write Cycle (Non-Cache Line Burst)

NCR 53C720/53C720SE Data Manual



PRELIMINARY FOR NCR 53C720SE

Electrical Characteristics
Bus Mode 2 Mux Mode Cycle

I (U L A R VY I W (R

b | \__ 1/

(Driven by CPU)
MASTER/
{Driven by 53C720/ \
53C720SE)
TS/ / | W
(Driven by 53720/ _\——/
53C720SE)
W \ / \ [\ [ [
(Driven by Memory)
t to
Address -~ 1 I‘--N II;
(Driven by 53C720/ id # 1
53C720SE) N— A
t4 — 3 I“
—]
Write Data {(0id Data —E)-ata #1 X Data #2 XData #3 X Data #4 }—
{Driven by 53C720/ tg T — T
53C720SE) -
Figure 7-28: Mux Mode Write Cycle (Cache Line Burst)
Table 7-29: Bus Mode 2 Mux Mode Write Timings
Parameter Symbol Min Max Units
BCLK high to Old Data driven ty - 34 ns
BCLK high to Address driven t; 5 22 ns
BCLK high to New Data driven t3 8 24 ns
Write data High-Z to driven switching time ty 1 - ns
BCLK high to Next Data 5 - 24 ns
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Bus Mode 3 and 4 Slave Cycle

Bus Mode 3 and 4
Slave Read Sequence

1.

o

Address, Address Status, and the Byte Enable signals are asserted by the CPU.
Chip Select is validated by the NCR 53C720/53C720SE on any following rising edge of BCLK.

. Transfer Burst Inhibit is asserted.

2
3
4.
5

Address Status may be deasserted by the CPU.

. Three clock cycles of wait state are inserted (these wait states are required) and the Data lines are

asserted.

Ready Out is asserted by NCR 53C720/53C720SE, if no errors are detected.

. If a bus error is detected, only Transfer Error Acknowledge is asserted and the bus cycle ends on the

next rising edge of BCLK.
Ready Out or Transfer Error Acknowledge is deasserted.

The NCR 53C720/53C720SE waits for Ready In to be asserted and then ends the slave cycle, if no
errors are detected.

10. The Data lines are tristated by the NCR 53C720/53C720SE.

Recommended Setup for Bus Mode 3 and 4

1
2
3.
4
5

Disable Cache Line Burst Mode (if cache line is not supported; set CTESTO, bit 7).
Set the Bus Mode bit (DCNTL, bit 6),
Set the Snoop Mode bit (CTEST3, bit0).

. Tie BB/ high resistively.
. Tie TEA/ high resistively.
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T T2 Tw Tw Tw Tt
BoLK J_E_/_\_]F\_/_\_/’\_J_\_/_\_/_\_
]1 [—
1y~ t‘_
ADS/
(Driven by CPU)
cs/
(Driven by address decoder)
t
ts 6
TBY '—’| |
(Driven by 53C720/ = = = =1 = = —|—\ e
53C720SE) 1 t
7 8 |
READYOQ/ [
My ————f——a- \__/_\__
(Driven by 53C720/
53C720SE) 19 _’l"t‘—‘;l‘_
READYI/*
(Driven by CPU) \ /
Readc Dg(t; Valid Read Data
(Driven by 53C7.
sacraose) 114 T
15

A(6-2), BE(3-0)
W_R/

(Driven by CPU)

nation in Chapter 2 of this manual for use of this signal as an output.

* This signal may be driven by the NCR 53C720/53C720SE if the Enable Acknowledge bit is set (DCNTL bit 5). See the expla-

Figure 7-29: Bus Mode 3 and 4 Slave Read Cycle
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Table 7-30: Bus Mode 3 and 4 Slave Read Timings

Electrical Characteristics
Bus Mode 3 and 4 Slave Cycle

Parameter Symbol Min Max Units
ADS/ setup to BCLK high t 4 - ns
ADS/ hold from BCLK high t, 4 - ns
CS/ setup to BCLK high after ADS/ t3 5 - ns
CS/ hold from BCLK high after ADS/ ty 5 - ns
BCLK high to TBI/ low tg 5 30 ns
BCLK high to TBI/ high tg 4 22 ns
BCLK high to READYO/, TEA/ low ty 5 20 ns
BCLK high to READYO/, TEA/ high tg 4 20 ns
READYY/ setup to BCLK high during or after ty 9 - ns
READYO/, TEA/

READYY/ hold from BCLK high during or after to 5 - ns
READYO/, TEA/

BCLK high to data bus driven t 8 28 ns
BCLK high to read data valid ty2 - 75 ns
BCLK high to data bus high-Z ty3 7 34 ns
A(6-0), SIZ(1-0), W_R/ setup to BCLK high tiy4 4 - ns
A(6-0), SIZ(1-0), W_R/ hold from BCLK high tys 12 - ns
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Bus Mode 3 and 4
Slave Write Sequence

I I O

10.

W_R/, the address lines, and the Address Status and Byte Enable signals are asserted by the CPU.
Chip Select is validated by the NCR 53C720/53C720SE on any following rising edge of BCLK.
Transfer Burst Inhibit is asserted.

Address Status may be deasserted by the CPU.

The data lines are asserted by the CPU.

Three clock cycles of wait state are inserted (these wait states are required).

Ready Out is asserted by the NCR 53C720/53C720SE, if no errors are detected.

If a bus error is detected, only Transfer Error Acknowledge is asserted and the bus cycle ends on the
next rising edge of BCLK.

Ready Out or Transfer Error Acknowledge is deasserted.

The NCR 53C720/53C720SE waits for Ready In to be asserted and then ends the slave cycle, if there
are no errors.

*This signal may be driven by the NCR 53C720/53C720SE if the Enable Acknowledge bit (DCNTL bit S) is set. See the explana-
tion in Chapter 2 of this manual for use of this signal as an output.

T T2 Tw Tw Tw ™

BCLK

ADS/
(Driven by CPU)

Cs/ E
(Driven by address decoder)

TBY
{Driven by 53C720/
53C720SE)

READY(/

TEA/
{Driven by 53CT20/
53C720SE)

READYV
{Driven by CPU)*

Write Data

(Driven by CPU) Y
thy -

wo2.0600) R vee ¥
W_R

(Driven by CPU)

{  Valid Write Data }
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Figure 7-30: Bus Mode 3 and 4 Slave Write Cycle
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Electrical Characteristics

Bus Mode 3 and 4 Siave Cycle
Table 7-31: Bus Mode 3 and 4 Slave Write Timings

Parameter Symbo! Min Max Units
ADS/ setup to BCLK high t 4 - ns
ADS/ hold from BCLK high 1} 4 - ns
CS/ setup to BCLK high after ADS/ t3 5 - ns
CS/ hold from BCLK high after ADS/ Uy 5 - ns
BCLK high to TBI/ low ts 5 30 ns
BCLK high to TBI/ high t 4 22 ns
BCLK high to READYO/, TEA/ low 1) 5 20 ns
BCLK high to READYO/, TEA/ high tg 4 20 ns
READYY/ setup to BCLK high during or after ty 9 - ns
READYO/, TEA/

READYY hold from BCLK high during or after to 5 - ns
READYO/, TEA/

Valid write data setup to BCLK high t 6 - ns
Valid write data hold from BCLK high t, 14 - ns
A(6-0), SIZ(1-0), W_R/ setup to BCLK high 3 4 - ns
A(6-0), SIZ(1-0), W_R/ hold from BCLK high 1< 12 - ns
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Bus Mode 3 and 4 Host Bus Arbitration

Bus Arbitration
Sequence

1. The NCR 53C720/53C720SE internally determines bus mastership is required. FETCHY/ is asserted
during cycles in which the NCR 53C720/53C720SE is retrieving new SCRIPTS instructions.

2. HOLDY is asserted.

3. The NCR 53C720/53C720SE waits for Hold Acknowledge and checks that Bus Busy is deasserted.
Then the NCR 53C720/53C720SE asserts Hold Acknowledge and Master, and deasserts Hold.

{First Cycle) (Last Cycle)
Last Owner Request Grant T T2 Release

SURN s WY W o U W W U W

T
/
t -—.'tz
$C0 e ‘{
(Intemal | / ( T \
Bus Request)

(Driven by 53C720/
53C720SE)

HOLD/**
(Driven by 53C720/
53C720SE)

HLDAY
{Driven by CPU)

88/

{Driven by CPU to start
of grant cycle, driven by
53C720 from start of

grant cycle.)* t
Master/
(Driven by 53C720/ W () () ti4
53C720SE) ty3
t1g

Fetch/ -
(Driven by 53C720/ ()8 /
53C720SE)

]

* BB/ should be tied high resistively if not used.

**HOLD/ may be NANDed with MASTER/ to obtain HOLD required by the 80286 or 80386 processors.

Note: the NCR 53C720/53C720SE will periodically assert the HOLD/ signal and recerve a SCSI interrupt at the same time.
When this happens, the chip will wait for the HLDAI/ signal to complete the normal bus arbitration and handshake. The chip no
longer wants host bus access—it deasserts the HOLD/, MASTER/, and all control lines after one BCLK, and does not assert

ADS/, the signal that indicates a valid bus cycle is starting. The chip will then generate an interrupt, which the system may then ser-
vice.

Figure 7-31: Bus Modes 3 and 4 Host Bus Arbitration
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Table 7-32: Bus Mode 3 and 4 Bus Arbitration Timings

Electrical Characteristics
Bus Mode 3 and 4 Host Bus Arbitration

Parameter Symbol Min Max Units
SCO high to HOLD/ low* 3 1 2 BCLK
BCLK high to SCO low on last cycle* ty 5 28 ns
BCLK high to HOLDY low t3 4 20 ns
BCLK high to HOLDY high 9 5 25 ns
HLDALI/ setup to BCLK high (any rising edge after s 4 - ns
HOLD/)

HIDAY/ hold from BCLK high (any rising edge tg 5 - ns
after HOLD/)

BB/ setup to BCLK high (any rising edge after g 4 - ns
HOLD/)

BCILK high to BB/ low tg 4 24 ns
BCLK high to BB/ high t 3 19 ns
BCLK high to BB/ high-Z tio 7 32 ns
BCLK high to MASTER/ low t 5 22 ns
BCLK high to MASTER/ high t)2 6 26 ns
BCLK high to FETCH/ low t3 5 36 ns
BCLK high to FETCH/ high t4 5 36 ns
RETCHY/ low to HOLD/ low tis 1 2 BCLK
BB/ high to FETCH/ high** Ue 1 2 BCLK

*When Snoop Mode bit 0 of CTEST3 s set to 1.

**During a retry operation, FETCH/ will remain low until a successful completion of the op code fetch or a fatal bus error.

NCR 53C720/53C720SE Data Manual
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Bus Mode 3 and 4 Fast Arbitration

Fast Arbitration
Sequence

1. The NCR 53C720/53C720SE internally determines if bus mastership is required. FETCH/ is
asserted during cycles in which the NCR 53C720/53C720SE is retrieving new SCRIPTS
instructions.

2. HOLDY/ is asserted.

3. The NCR 53C720/53C720SE waits for Hold Acknowledge (HLIDAI). The NCR 53C720/53C720SE
becomes bus master asynchronously on the leading edge of HLDAV/. The the NCR 53C720/
53C720SE asynchronously asserts Bus Busy and Master, and deasserts HOLDY/.

4. The NCR 53C720/53C720SE issues a start cycle on the next rising edge of BCLK.

Note: in fast arbitration mode, the NCR 53C720/53C720SE will take bus ownership on the assertion of
HIDAI, regardless of the state of HOLD/ or BB/.
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Raquest and Grant

Bk 1 \ A

(First Cycle)

Tint

T2

HOLD/
(Driven by 53C720/
53C720SE)

HLDAY/
(Oriven by CPU)"*

READYY/
(Oriven by S3CT20/
B3C720SE)

BB/

(Oriven by CPU to start
of grant cycle, driven by
53C720/53C720SE from
start of grant cycle.)

Mastst/ \

{Driven by 53C720/
83C720SE)

Fetchy
(Driven by 536720/
$3C7205E)

Address, S12(1-0),
Data, FC(20)

Figure 7-32: Bus Mode 3 and 4 Fast Arbitration

Table 7-33:

Bus Mode 3 and 4 Fast Arbitration

Parameter

Symbol

Max

Units

BCLK high to HOLDY asserted
HLDAI/ setup to BCLK high

HLDALY/ asserted to HOLD/ deasserted
HLDAL asserted to BB/ asserted
HLDAL/ asserted to MASTER/ asserted
HLDAL hold after HOLDY deasserted*

HOLDY asserted to HLDAV/ asserted

4

%)

12

20

22

20

16

ns

ns

ns

ns

ns

ns

ns

*HLDAI/ may not be asserted prior to HOLD/
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Bus Mode 3 and 4 Master Cycle

Bus Mode 3 and 4
Bus Master Read
Sequence

1.
2.
3.

7-66

The NCR 53C720/53C720SE has attained bus mastership.
The NCR 53C720/53C720SE asserts the W_R/, Transfer Modifier and Transfer Type lines.

a. The NCR 53C720/53C720SE asserts Transfer in Progress
b. The NCR 53C720/53C720SE asserts Address Status, Address, and Busy Enable signals.
The NCR 53C720/53C720SE deasserts Address Status.

The NCR 53C720/53C720SE waits for Transfer Acknowledge, Valid Data, Transfer Burst Inhibit, and
Transfer Error Acknowledge

« If Transfer Burst Inhibit is not asserted attempt cache bursting. Otherwise, proceed with non-
cache transfers.

s If Transfer Error Acknowledge and Transfer Acknowledge are asserted, attempt a retry.

s If Transfer Error Acknowledge is asserted and Ready In is not asserted, a bus fault condition will
be generated.

* If Ready In is asserted and Transfer Error Acknowledge is not asserted and the NCR 53C720/
53C720SE requires more cycles, then return to step 3b.

Upon acknowledge of the last bus cycle, the NCR 53C720/53C720SE deasserts Master, Bus Busy,
and Transfer in Progress.

The NCR 53C720/53C720SE floats the Control and Address lines.
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Grantand Own T1 T2 Tt Tw T2 Release

BOFF/
{Driven by CPU)

TIP/
(Driven by 53GC720/
53C720SE)

ADS/
{Driven by 53C720/
53C720SE)

READYV/
(Driven by memory)

Addr #2

‘13"‘ - gy H
A31-2),BE30) ——(  od X Adr#t X

(Driven by 53C720/
- t""‘_ tyy

53G720SE) -
W_R/ - P .
TT(1-0) —( Valid for all transfers within this ownership )—

(Driven by 53C720/
53C720SE) ‘j <ty
l‘“tg
o C——

{Driven by memory)

PA/
{Driven by CPU) 1

w T\ "

(Oriven by memory)

TEN
{Driven by memory)

Note: this diagram shows two back-to-back cycles for a burst size of two.

Figure 7-33: Bus Mode 3 and 4 Bus Master Read (Non-Preview of Address)
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BOFF/
(Driven by CPU)

TIe/
(Driven by 53C720/
53C720SE)

ADY/
(Driven by 53C72(0/
53C720SE)

READYV
(Driven by memory)

A(31-2), BE(3-0)
(Driven by 53C720¢
53C720SE)

W_R/

TT(1-0)

(Driven by 53C720¢/
53C720SE)

Read Data

(Driven by mernory)

PN
(Driven by CPU)

TBY/

{Driven by memory)

TEA
(Driven by memory)

Grantand Own T1

T2 T

—.{h -

— th‘—

oo gxy-»sr P
S
22 &-52’&:../6&’”4'&

Tw

T2

R

Adr#t X Addr#2 X Addr#3 ) ———
—] Q—-.l
t16|‘_ iy
— Valid for all transfers within this ownership —
1
I‘-hg
A ()
| WA \ LA
120 |to1

Note: this diagram shows two back-to back cycles for a burst size of two
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Figure 7-34: Bus Mode 3 and 4 Bus Master Read (Preview of Address)
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Table 7-34: Bus Mode 3 and 4 Bus Master Read Timings

Electrical Characteristics
Bus Mode 3 and 4 Master Cycle

Parameter Symbo! Min Max Units
BOFF/ setup to BCLK high ty 8 - ns
BOFF/ hold from BCLK high t, 7 - ns
BCLK high to TIP/ driven t3 5 32 ns
BCLK high to TTP/ low 19} 3 20 ns
BCLK high to TTP/ high ts 3 20 ns
BCLK high to TIP/ high-Z tg 7 32 ns
BCLK high to ADS/ driven ty 5 30 ns
BCLK high to ADS/ low tg 3 17 ns
BCLK high to ADS/ high tg 3 17 ns
BCLK high to ADS/ high-Z o 7 32 ns
READYV/ setup to BCLK high t 9 - ns
READY/ hold from BCLK high t)2 5 - ns
BCLK high to A(31-2), SIZ(1-0) driven ty3 5 28 ns
BCLK high to A(31-2), SIZ(1-0) valid t4 3 20 ns
BCLK high to A(31-2), SIZ(1-0) high-Z ts 7 32 ns
BCLK high to W_R/, TT(1-0) high-Z tie 5 30 ns
BCLK high to W_R/,TT(1-0) high-Z ty7 - 32 ns
Read Data setup to BCLK high 197 6 - ns
Read Data hold from BCLK high o 6 - ns
PA/ setup to BCLK high ty 5 - ns
PA/ hold from BCLK high ty) 5 - ns
TBI/ setup to BCLK high ty; 6 - ns
TBI hold from BCLK high o3 4 - ns
TEA/ setup to BCLK high 129 9 - ns
TEA/ hold from BCLK high t5 5 - ns
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Bus Mode 3 and 4 Master Cycle

Grant
and T T2 T2 T2 T2 Release
BoLK I W A U A U I WY A U A
1t
~ 1 2 Iﬂ—
BOFF/
(Driven by CPU) “'ﬂ
TIP/ = <
(Driven by 53C720/
53C720SE)
—
ADS/ -
(Driven by 53C720/ _\——[ 14
53C720SE)

READYI/
(Driven by memory)

A(31-2), BE(3-0)

Addr #1 ) —

{Driven by 53G720/
53C720SE) —» gmlq- -
W_R/, TT0 . -

(Driven by 53C720/ ——( Valid for all transfers within this ownership )——
53C720SE)

tig
— I1g|<—
Read Data {0ata #1 Y Data #2)~ Data #3 ) Data #4 y———
(Driven by memory)
—>| k— t2(]
5 |-

T8I
(Driven by memory)

TeA
{Driven by memory)

CBREQ
(Driven by 53C720/
53C720SE) |

Note: this diagram shows one cache line burst of four.

Figure 7-35: Bus Mode 4 Bus Master Read (Cache Line Burst)
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Table 7-35: Bus Mode 4 Bus Master Read Timings (Cache Line Burst)

Parameter Symbol Min Max Units
BOFF/ setup to BCLK high t 8 - ns
BOFF/ hold from BCLK high ty 7 - ns
BCLK high to TIP/ driven t3 5 32 ns
BCLK high to TIP/ low ty 3 20 ns
BCLK high to TIP/ high ts 3 20 ns
BCLK high to TIP/ high-Z 193 7 32 ns
BCLK high to ADS/ driven ty 5 30 ns
BCLK high to ADS/ low tg 3 17 ns
BCLK high to ADS/ high tg 3 17 ns
BCLK high to ADS/ high-Z tio 7 32 ns
READYTY/ setup to BCLK high t 9 - ns
READYY/ hold from BCLK high t)2 5 - ns
BCLK high to A(31-2), SIZ(1-0) driven )3 5 28 ns
BCLK high to A(31-2), SIZ(1-0) valid tr4 3 20 ns
BCLK high to A(31-2), SIZ(1-0) high-Z t;5 7 32 ns
BCLK high toW_R/, TT(1-0) high-Z tye 5 30 ns
BCLK high to W_R/, TT(1-0) high-Z ty7 5 32 ns
Read Data setup to BCLK high t1g 6 - ns
Read Data hold from BCLK high tio 6 - ns
TBI/ setup to BCLK high 0 6 - ns
TBI/ hold from BCLK high 7] 4 - ns
TEA/ setup to BCLK high tao 9 - ns
TEA/ hold from BCLK high ty3 5 - ns
BCLK high to CBREQ/ driven to4 5 28 ns
BCLK high to CBREQ/ low tas 5 20 ns
BCLK! high to CBREQY/ high tye 5 20 ns
BCLK high to CBREQY/ high-Z ty7 7 32 ns
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Bus Mode 3 and 4 Master Cycle

]
Bus Mode 3 and 4
Bus Master Write
Sequence

1.
2.
3.

7-72

The NCR 53C720/53C720SE has attained bus mastership.
The NCR 53C720/53C720SE asserts the W_R/, Transfer Modifier, and Transfer Type lines.

a. The NCR 53C720/53C720SE asserts Transfer in Progress.

b. The NCR 53C720/53C720SE asserts the Address Status and Byte Enable signals, and the
Address and Data lines.

The NCR 53C720/53C720SE deasserts Address Status.

. The NCR 53C720/53C720SE waits for Ready In, Transfer Burst Inhibit, and Transfer Error

Acknowledge.

s If Transfer Burst Inhibit is not asserted, attempt cache bursting. Otherwise, proceed with non-
cache transfers.

s If Transfer Error Acknowledge and Transfer Acknowledge are asserted, attempt a retry.

e If Transfer Error Acknowledge is asserted and Ready In is not asserted, a bus fault condition will
be generated.

» If Transfer Error Acknowledge is asserted and Ready In is not asserted and the NCR 53C720/
53C720SE requires more cycles, then return to step 3b.

Upon acknowledge of the last bus cycle, the NCR 53C720/53C720SE deasserts Master, Busy, and
Transfer in Progress.

The NCR 53C720/53C720SE floats the Control, Address, and Data Lines.
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—_— Bus Mode 3 and 4 Master Cycle

Grantand Own T1 12 1} Tw T2 Release

e BCLK

BOFF/
(Driven by CPU)

TIP/
{Driven by 53C720/
53C720SE)

ADS/
(Driven by 53C720/
53C720SE)

READYl/
(Driven by memary)

~fof= =) b
A31-2),BE30) —— o0 X Addr#t X Addr #2 —

(Driven by 536720/
— 53C720SE) 1

— 17
t15' <——|
W_R/
™ 1'20) ——-( Valid for all transfers within this ownership 4)—

— (Driven by 53C720/
53C720SE)

l1g tyg t2
Wrke Data od X  data#t X Dans )
T

(Driven by 53C720/
53C720SE)

PA/
{Driven by CPU)

T8I/
(Driven by memory)

TEN
(Driven by memory)

Note: this diagram shows two back-to-back transfers for a transfer size of two.

Figure 7-36: Bus Mode 3 and 4 Bus Master Write (Non-Preview of Address)
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PRELIMINARY FOR NCR 53C720SE
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——
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Figure 7-37: Bus Mode 3 and 4 Bus Master Write (Preview of Address)
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Table 7-36: Bus Mode 3 and 4 Bus Master Write Timings

Electrical Characteristics
Bus Mode 3 and 4 Master Cycle

Parameter Symbol Min Max Units
BOFF/ setup to BCLK high 9] 8 - ns
BOFF/ hold from BCLK high t, 7 - ns
BCLK high to TIP/ driven t3 5 32 ns
BCLK high to TIP/ low ty 3 20 ns
BCLK high to TIP/ high ts 3 20 ns
BCLK high to TIP/ high-Z tg 7 32 ns
BCLK high to ADS/ driven ty 5 30 ns
BCLK high to ADS/ low tg 3 17 ns
BCLK high to ADS/ high ty 4 17 ns
BCLK high to ADS/ high-Z to 7 32 ns
READYY/ setup to BCLK high t 9 - ns
READY! hold from BCLK high ty2 5 - ns
BCLK high to A(31-2), SIZ(1-0) driven 3 5 28 ns
BCLK high to A(31-2), SIZ(1-0) valid t14 3 20 ns
BCLK high to A(31-2), SIZ(1-0) high-Z tys 7 32 ns
BCLK high to W_R/, TT(1-0) driven and valid t1e 5 30 ns
BCLK high to W_R/, TT(1-0) high-Z t7 5 32 ns
BCLK high to Write Data driven g 5 34 ns
BCLK high to Write Data valid tio 5 24 ns
BCLK high to Write Data high-Z ty0 5 30 ns
PA/ setup to BCLK high Tty 5 - ns
PA/ hold from BCLK high tyo 5 - ns
TBI/ setup to BCLK high ty3 6 - ns
TBI/ hold from BCLK high oy 4 - ns
TEA/ setup to BCLK high tys 9 - ns
TEA/ hold from BCLK high tye 5 - ns
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PRELIMINARY FOR NCR 53C720SE

BOFF/

TIP/
(Driven by 53C720/
53C720SE)

ADS/
(Driven by 53C72(/
53C720SE)

READYV
(Driven by memory)

A(31-2), BE(3-0)
(Driven by 53C720/
53C720SE)

W_R/, TTO
(Driven by 53C720/
53C720SE)

Write Data
(Oriven by 53G720/
§3C720SE)

TBY
{Driven by memory)

TEN
{Driven by memory)

CBREQ/
(Driven by 53C720/
53C720SE)

A

tis

Addr #1

tyy

Valid for all transfers within this ownership

-

‘19}“

ta

%

Data#t X Data#2 X Data#3 X  Datatd )———

—DI <—t21
"‘22“‘

Note: this diagram shows two back-to-back transfers for a burst size of two.

Figure 7-38: Bus Mode 4 Bus Master Write (Cache Line Burst)
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Table 7-37: Bus Mode 4 Bus Master Write Timings (Cache Line Burst)

Electrical Characteristics
Bus Mode 3 and 4 Master Cycle

Parameter Symbol Min Max Units
BOFF/ setup to BCLK high Yy 8 - ns
BOFF/ hold from BCLK high 1) 7 - ns
BCLK high to TIP/ driven 4 5 32 ns
BCLK high to TIP/ low 3 20 ns
BCLK high to TIP/ high ts 3 20 ns
BCLK high to TIP/ high-Z tg 7 32 ns
BCLK high to ADS/ driven ty 5 30 ns
BCLK high to ADS/ low tg 3 17 ns
BCLK high to ADS/ high T 3 17 ns
BCLK high to ADS/ high-Z tio 7 32 ns
READYYV setup to BCLK high t 9 - ns
READYY/ hold from BCLK high ti2 5 - ns
BCLK high to A(31-2), SIZ(1-0) driven t)3 5 28 ns
BCLK high to A(31-2), SIZ(1-0) valid 14 20 ns
BCLXK high to A(31-2), SIZ(1-0) high-Z tys5 32 ns
BCLK high to W_R/, TT(1-0) driven and valid tie 5 30 ns
BCLK high to W_R/, TT(1-0) high-Z ty7 5 32 ns
BCLK high to Write Data driven 197 5 34 ns
BCLK high to Write Data valid o 5 24 ns
BCLK high to Write Data high-Z Ty 5 30 ns
TBI/ setup to BCLK high 18] 6 - ns
TBI/ hold from BCLK high ty2 4 - ns
TEA/ setup to BCLK high )3 9 - ns
TEA/ hold from BCLK high o 5 - ns
BCLK high to CBREQ/ driven ;s 5 28 ns
BCLK high to CBREQ/ low t26 5 20 ns
BCLK high to CBREQ/ high ty7 5 20 ns
BCLK high to CBREQ/ high-Z tzg 7 32 ns
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SCS! Timings

SCSI Timings

Initator Asynchronous

Send

REQY \' n [, n+l

t
1 1 2
|<-t1->: -
ACK/ o, N+t
}‘_t3_". |"‘4"|
SD15-S00, T
SDP1-SDPO/ 0 at X )| 0.l

Figure 7-39: Initiator Asynchronous Send

Table 7-38: Initiator Asynchronous Send Timings

Parameter Symbol Min Max Units
ACK! asserted from REQ/ asserted 1 10 - ns
ACK/ deasserted from REQ/ deasserted ty 10 - ns
Data setup to ACK/ asserted t3 55 - ns
Data hold from ACK/ asserted ty 20 - ns
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SCSI Timings
Ininator Asynchronous
Receive
t |
REY ' n .
1 i
- ty -P: Iﬂ-lp_ ->1
ACK/ v\ n /
|
petye -ty
sggissggg/ vahd o x x Yalig niat
Figure 7-40: Initiator Asynchronous Receive
Table 7-39: Initiator Asynchronous Receive Timings
Parameter Symbol Min Max Units
ACK/ asserted from REQ/ asserted t 10 - ns
ACK/ deasserted from REQ/ deasserted t, 10 - ns
Data setup to REQ/ asserted t3 0 - ns
Data hold from ACK/ asserted ty 0 - ns
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SCSI Timings
Target Asynchronous
Send
i 1 |
REQ/ | n I N+l
|
\ ety g ) »>!
ACK/ b’ / Nt
el el
3321155:328/ i alvin x Ch x vaedlm !
Figure 7-41: Target Asynchronous Send Waveforms
Table 7-40: Target Asynchronous Send Timings
Parameter Symbol Min Max Units
REQY/ deasserted from ACK/ asserted T 10 - ns
REQY asserted from ACK/ deasserted t, 10 - ns
Data setup to REQ/ asserted t3 55 - ns
Data hold from ACK/ asserted ty 20 - ns
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SCSI Timings
Target Asynchronous
Receive
| t
REQ/ \ n ’ I nal
1
ety e 12 >
ACK/ I ni nl
3 1oty
fe—
SD15-SDO, Iy o s
SDP1-SDPO/ x valn: x x dangt
Figure 7-42: Target Asynchronous Receive
Table 7-41: Target Asynchronous Receive Timings
Parameter Symbol Min Max Units
REQ/ deasserted from CK/ asserted t 10 - ns
REQ/ asserted from ACK/ deasserted 193 10 - ns
Data setup to ACK/ asserted t3 0 - ns
Data hold from REQ/ deasserted ty 0 - ns
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Initiator and Target
Synchronous Transfers

PRELIMINARY FOR NCR 53C720SE

:-1— t _D'Q— 1, —pl
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or ACK/
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3™ . 4
SD?-SSSSdSDSFt’3 """"""""""" x : vadn Yarined
I
I
Receive Data
SD15-SDo, Jarin.d
SDP1/ - SDPO/
Figure 7-43: Initiator and Target Synchronous Transfers
Table 7-42: SCSI-1Transfers (Single-ended, 5.0 MB/s)
Parameter Symbol Min Max Units
Send REQ/ or ACK/ assertion pulse width t 90 - ns
Send REQ/ or ACK/ deassertion pulse width tp 90 - ns
Receive REQ/ or ACK/ assertion pulse width ty 90 - ns
Receive REQ/ or ACK/ deassertion pulse width T, 90 - ns
Send data setup to REQ/ or ACK/ asserted t3 55 - ns
Send data hold from REQ/ or ACK/ asserted ty 100 - ns
Receive data setup to REQ/ or ACK/ asserted ts 0 - ns
Receive data hold from REQ/ or ACK/ asserted ts 45 - ns
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Electrical Characteristics
SCSI Timings

Table 7-43: SCSI-1 Transfers (Differential, 4.17 MB/s) (NCR 53C720 Only)

Parameter Symbol Min Max Units
Send REQ/ or ACK!/ assertion pulse width t 96 - ns
Send REQ/ or ACK/ deassertion pulse width 193 96 - ns
Receive REQ/ or ACK/ assertion pulse width t 84 - ns
Receive REQ/ or ACK/ deassertion pulse width ty 84 - ns
Send data setup to REQ/ or ACK/ asserted t3 65 - ns
Send data hold from REQ/ or ACK/ asserted ty 110 - ns
Receive data setup to REQ/ or ACK/ asserted ts 0 - ns
Receive data hold from REQ/ or ACK/ asserted te 45 - ns
Table 7-44: SCSI-2 Fast Transfers (10.0 MB/s, 40 MHz clock)
Parameter Symbol Min Max Units
Send REQ/ or ACK/ assertion pulse width t 35 - ns
Send REQ/ or ACK/ deassertion pulse width t; 35 - ns
Receive REQ/ or ACK/ assertion pulse width t 20 - ns
Receive REQ/ or ACK/ deassertion pulse width t; 20 - ns
Send data setup to REQ/ or ACK/ asserted t3 33 - ns
Send data hold from REQ/ or ACK/ asserted ty 45 - ns
Receive data setup to REQ/ or ACK/ asserted ts 0 - ns
Receive data hold from REQ/ or ACK/ asserted ts 10 - ns
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Table 7-45: SCSI-2 Fast Transfers (10.0 MB/s, 50 MHz clock)

Parameter Symbol Min Max Units
Send REQ/ or ACK!/ assertion pulse width t 35 - ns
Send REQ/ or ACK/ deassertion pulse width ty 35 - ns
Receive REQ/ or ACK/ assertion pulse width t 20 - ns
Receive REQ/ or ACK/ deassertion pulse width t, 20 - ns
Send data setup to REQ/ or ACK/ asserted 3 33 - ns
Send data hold from REQ/ or ACK/ asserted t 40** - ns
Receive data setup to REQ/ or ACK/ asserted ts 0 - ns
Receive data hold from REQ/ or ACK/ asserted tg 10 - ns

*Transfer Period bits (bits 6-4 in the SXFER register) are set 1o zero and the extra Clock Cycle of Data Setup bit (bit
7 in SCNTL) s set.

** Analysis of system configuration is recommended due to reduced driver skew margin in differential systems.

Note: for fast SCSI, the TolerANT Enable bit (STEST3 bit 7) should be set.
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