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Timing Control Units

General Description

The NS32201 Timing Control Unit (TCU) is a 24-pin device
fabricated on a Schottky bipolar process. it provides a two-
phase clock, system control logic and cycle extension logic
for the Series 32000® microprocessor family. The TCU in-
put clock can be pravided by either a crystal or an external
clock signal whose frequency is twice the system clock fre-
quency.

In addition to the two-phase clock for the CPU and MMU
(PHI1 and PHI2), it also pravides two system clocks for gen-
eral use within the system (FCLK and CTTL). FCLK is a fast
clock whose frequency is the same as the input clock, while
CTTL is a TTL replica of PHI1 clock.

The system control logic and cycle extension logic make the
TCU very attractive by providing extremely accurate bus
control signals, and allowing extensive control over the bus
cycle timing.

Features

m Oscillator at twice the CPU clack frequency

® 2 phase full Voo swing high capacitance clock drivers
(PHI1 and PHI2)

® 4-bit input (WAITn) allowing precise specification of 0 to
15 wait states

B8 Cycle Hold for system arbitration and/or memory
refresh

® System timing (FCLK, CTTL) and control (RD, WR, and
DBE) outputs

® General purpose Timing State Output (TSO} that
identifies internal states

B Peripheral cycle to accomodate slower MOS
peripherals

B Provides “ready” (RDY) output for the Series 32000
CPUs

® Synchronous system reset generation from Schmitt
trigger input

B Phase synchronization to a reference signal

= Single 5V power supply

W 24-pin dual-in-line package
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1.0 Functional Description

1.1 POWER AND GROUNDING

The NS32201 requires a single + 5V power supply, applied
to pin 24 (Vcc). See D.C. Electrical Characteristics. The
Logic Ground on pin 12 (GND), is the common pin for the
TCU.

A 0.1 pf, ceramic decoupling capacitor must be connected
across Ve and GND, as close to the TCU as possible.

1.2 CRYSTAL OSCILLATOR CHARACTERISTICS

The NS32201 has a “Pierce”-type oscillator. Connections
of the crystal and bias components to XIN and XOUT are
shown in Figure 1-1. it is important that the crystaf and the
RC components be mounted in close proximity to the XIN,
XOUT and Ve pins to keep printed circuit trace lengths to
an absolute minimum,

Typlcal Crystal Specifications:

TP o At-Cut
Tolerance...........ccviiininininn. 0.005% at 25°C
Stability .......................... 0.01% from 0° to 70°C
Resonance
Capacitance
Maximum Series Rasistance
e
0o CRYSTAL
1000 ' FREQUENCY R
’m’,’ (MHz) (OHM)
= @6 o
(",g") ——:r 18-24 100
TL/EE/5580-3 24-30 47
FIGURE 1-1. Crystal Connection Diagram

1.3 CLOCKS

The NS32201 TCU has four clock output pins. The PHI1
and PHI2 ciocks are required by the Series 32000 CPUs.
These clocks are non-overlapping as shown in Figure 1-2.

Each rising edge of PHI1 defines a transition in the timing
state of the CPU.

ONE T-STATE =

NON-OVERLAPPING
TIMES

As the TCU generates the various clock signals with very
short transition timings, it is recommended that the conduc-
tors carrying PHI1 and PHI2 be kept as short as possible. It

is also recommended that only the Series 32000 CPU and, if
used, the MMU (Memory Management Unit) be connected
to the PHI1 and PHI2 clocks. In addition to the CPU and
MMU, 25 pF ceramic capacitors from these pins to ground
are recommended as they provide a better VOH on the out-
puts. These capacitors should be mounted close to the TCU
to minimize trace inductances.

CTTL is a TTL compatible clock signal which runs at the
same frequency as PHI1 and is closely balanced with it.
CTTL is intended for driving TTL loads.

FCLK is also a TTL compatible clock, running at the fre-
quency of XIN input. This clock is also intended for driving
TTL loads and has a frequency that is twice the CTTL clock
frequency. The exact phase relationship between PHI1,
PHI2, CTTL and FLCK can be found in Section 2.

1.4 RESETTING

The NS32201 TCU provides circuitry to meet the reset re-
quirements of the Series 32000 CPUs. If the Reset Input
line, RSTT is pulled low, the TCU asserts RSTO which resets
the Series 32000 CPU. This Reset Output may also be used
as a system reset signal. Figure 7-3a illustrates the reset
connections for a non Memory-Managed system. Figure 7-
3b illustrates the reset connections for a Memory-Managed
system.

1.5 SYNCHRONIZING TWO OR MORE TCUs

During reset, {(when RSTO is low), one or more TCUs can
be synchronized with a reference (Master) TCU. The
RWEN/SYNC input to the slave TCU(s) is used for synchro-
nization. The Slave TCU samples the RWEN/SYNC input
on the rising edge of FCLK when RSTO is low and CTTL is
high (see Figure 1-5). It RWEN/SYNC is sampled high, the
phase of CTTL of the Slave TCU is shifted by one XIN clock
cycle.

Two possible circuits for TCU synchronization are illustrated
in Figures 1-4a and 7-4b. It should be noted that when
RWEN/SYNC is high, the RD and WR signals will be TRI-
STATE on the slave TCU.

FOs

TL/EE/5580-4

FIGURE 1.2. PHI1 and PHI2 Clock Signals
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1.0 Functional Description (continued)
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TL/EE/5590-5
FIGURE 1-3a. Recommended Reset Connections (Non Memory-Managed System)
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FIGURE 1-3b. Recommended Reset Connections (Memory-Managed System)

RWEN/ SYNC —omemtp FWEN /SYNC s}
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Exrmék = TL/EE/5590-8
FIGURE 1-4b. Slave TCU Uses

TL/EE/5590-7 Both SYNC and RWEN
FIGURE 1-4a. Slave TCU does not use

RWEN during Normal Operation
Note: When two or more TCUs are to be synchronized, the XIN of all the TCUs should be connected to an external clock source. For details on the external clock,
see Switching Characteristics in Section 2.
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wm o\

TL/EE/5590-9
FIGURE 1-5. Synchronizing Two TCUs
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1.0 Functional Description (continued)

Rmm

RWEN/SYNC

o

/SN

TL/EE/5590-10

FIGURE 1-6. Synchronizing one TCU to an External Pulse

In addition to synchronizing two or more TCUs, the RWEN/
SYNC input can be used to “fix”* the phase of one TCU to
an external pulse. The pulse to be used must be high for
only one rising edge of FCLK. Independent of CTTL's state
at the FCLK rising edge, its state following the next FCLK
rising edge should be low. Figure 7-6 shows the timing of
this sequence.

1.6 BUS CYCLES

In addition to providing all the necessary clock signals, the
NS32201 TCU provides bus control signals to the system.
The TCU senses the ADS ADS signal from the CPU or MMU to
start a bus cycle. The DDIN input signal is also sampled to

CPU STATES Ll T2 T3 T
TCU STATES m T2 3 T4

determine whether a Read or Write cycle is to be generated.
In addition to RD and WR, other signals are provided: DBE
and TSO. DBE is used to enable data buffers. The leading
edge of DBE is delayed a half clock period during Read
cycles to avoid bus conflicts between data buffers and ei-
ther the CPU or the MMU. This is shown in Figure 7-7.

The Timing State Output (TSO) is a general purpose signal
that may be used by external logic for synchronizing to a
System cycle. TSO is activated at the beginning of state T2
and returns to the high level at the beginning of state T4 of
the CPU cycle. TSO can be used to gate the CWAIT signal
when continuous waits are required. Another application of
TSO is the control of interface circuitry for dynamic RAMSs.

Notes:

. The CPU and TCU view some tim-
ing states (T-states) differently.
For clarity, references ta T-states

-

ADS

us Sl W A AW
\J

~

will sometimes be followed by
(TCU) or {CPU). {CPU) also im-
plies (MMU).
. Arrows indicate when the TCU
samples the input.
RWEN is assumed low (RD and
WR enabled) unless specified dif-
ferently.

[

»

. For clarity, T-states for both the
TCU and CPU are shown above
the diagrams. (See Note 1.}

— 1 [
[} \ i
| Sy ISP 1)
- -~ /__
DBE ‘ \
1
ADY HIBH

FIGURE 1-7. Basic TCU Cycle (Fast Cycle)

TL/EE/5580-11
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1.0 Functional Description (continued)
1.7 BUS CYCLE EXTENSION

The NS32201 TCU uses the Wait input signals to extend

normal bus cycles. A normal bus cycle consists of four PHIt

clock cycles. Whenever one or more Wait inputs to the TCU

are activated, a bus cycle is extended by at least one PHI1

clock cycle. The purpose is to allow the CPU to access slow
memories or peripherals. The TCU responds to the Wait
signals by pulling the RDY signal low as long as Wait States

are to be inserted in the Bus cycle.

bp1

NN T

There are three basic cycle extension modes provided by
the TCU, as described below.

1.7.1 Normal Wait States

This is a normal Wait State insertion mode. It is initiated by
pulling CWAIT or any of the WAITn lines low in the middle of
T2. Figure 1-8 shows the timing diagram of a bus cycle
when CWAIT is sampled high at the end of Tt and low in the
middte of T2.

........ T3 T3 T4

... TCW T3 T4

18y

51

CPU STATES ™ T2
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w [\ [\
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50
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14

53
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ady

Ja

e

)

(4s

o)

e

by T

X¢

h§_

WAITn

RDY

7

7

]

TL/EE/5580-12

FIGURE 1-8. Wait State Insertion Using CWAIT (Fast Cycle)
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1.0 Functional Description (continued)

The RDY signal goes low during T2 and remains low until CWAIT is high during the entire bus cycle, then the RDY line
CWAIT is sampled high by the TCU. RDY is pulled high by goes low for 1 to 15 clock cycles, depending on the binary
the TCU during the same PHI1 cycle in which the CTWAIT weighted value of WAITn. If, for example, WATT1 and
line is sampled high. WAIT4 are sampled low, then five wait states will be insert-
if any of the WATTn signals are sampled low during T2 and ed. This is shown in Figure 7-9.
CPU STATES T T2 T3 T3oorrrenen T3 13 T4
TCU STATES m T2 ™? ™we........TWn 13 T4
i Jr\_Jr\_/_\_Jr\_f\_lr\_/r\_Jr
— b)) T
=T\
750
\2;
= g o
T
ok
i
h )N
C
WR L /
1‘\;
0o
A ‘\L /
om
1 -
w | A []
LY b T
CWAIT
¥
WAITn

RDY /
)2

] ] ]u

TL/EE/5590-13

FIGURE 1-9. Wait State Insertion Using WAITn (Fast Cycle)
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1.0 Functional Description (continued)

1.7.2 Peripheral Cycle

This cycle is entered when the PER signal line is sampled
low at the beginning of T2. The TCU adds five wait states
identified as TDO-TD4 into a normal bus cycle. The RD and
WR signals are also re-shaped so the setup and hold times

CPU STATES T T2 T3 LK)
TCU STATES m T2 TDO 01

= LU

for address and data will be increased.

This may be necessary when slower peripherals must be
accessed.

Figure 1-10 shows the timing diagram of a peripheral cycle.

T3 T3 T3 T3 T4
02 T03 04 T3 T4

A AW AW AW

{

——— e

DODIN I
——— o o ol e e o e ] e e e e e e o o

- b - o —— — s

S -
DBE

oo =

SO PR IV AU S I

\

TL/EE/5590-14

FIGURE 1-10. Peripheral Cycle
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1.0 Functional Description (continued)

1.7.3 Cycle Hold

If the CWAIT input is sampled low at the end of state T1, the
TCU will go into cycle hold mode and stay in this mode for
as long as CWAIT is kept low. During this mode the control
signals RD, WR, TSO and DBE are kept inactive; RDY is

pulled low, thus causing wait states to be inserted into the
bus cycle. The cycle hold feature can be used in applica-
tions involving dynamic RAMs. A timing diagram showing
the cycle hold featurs is shown in Figure 1-71.

CPU STATES ™ 12 n {F] 13 T4
TCU STATES T THevepoon TH T2 T3 T4
P JLLﬁLFuLLF
— )
= ST T
>g_‘ -
TS0 \
- 2
DDIN x
1 8 5%
LC
3
]
)
J— N I'
RO
L ]
byl
. 2y —\ p——
DBE \ /
1
PER
' { Voo
WA
RDY /
pS———

TL/EE/5580-15

FIGURE 1-11. Cycle Hold Timing Diagram

1.8 BUS CYCLE EXTENSION COMBINATIONS

Any combination of the TCU input signals used for extend-
ing a bus cycle can be activated at one time. The TCU wil
honor all of the requests according to a certain priority
scheme. A cycle hold request is assigned top priority. It fol-
lows a peripheral cycle request, and then CWAIT and
WAITn respectively.

If, for example, all the input signals CWAIT, PER and WATTh
are asserted at the beginning of the cycle, the TCU will en-
ter the cycle hold mode. As soon as CWAIT goes high, the

input signal PER is sampled to determine whether a periph-
eral cycle is requested.

Next, the TCU samples CWAIT again and WAITh to check
whether additional wait states have to be inserted into the
bus cycle. This sampling point depends on whether BER
was sampled high or low. if PER was samplad high, then the
sampling point will be in the middle of the TCU state T2,
(Figure 1-14), otherwise it will occur three clock cycles later
(Figure 1-15). Figures 1-12 to 1-15 show the timing dia-
grams for different combinations of cycle extensions.
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1.0 Functional Description (continued)

CPU STATES n T T3 T3 T3 ceniennn 3 T3 T4
TCU STATES n T oW oW ™t.......TWit T3 T4
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FIGURE 1-12. Fast Cycle With 12 Wait States
(2 CWAIT and WAIT10) (Read Cycie)
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1.0 Functional Description (continueq)

CPU STATES n T 3 1 1 13 M, n 1 1 1
1CU STATES n 12 ™M T ™2 TCew . TWIL...TWs  To3 ™ T
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FIGURE 1-13. Peripheral Cycle With Six Wait States
(1 CWAIT and WAIT5) (Write Cycle)

TL/EE/5590-17
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1.0 Functional Description (continued)

CPU STATES
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FIGURE 1-14. Cycle Hold With Three Wait States
(1 CWAIT and WAIT2) (Read Cycle)

TL/EE/5580-18
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1.0 Functional Description (continueq)

CPU STATES m T2 LK 13

TCU STATES ™.. T2
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o ! i

I I i I
TL/EE/5590-19

FIGURE 1-15. Cycle Hold of a Peripheral Cycle

1.9 OVERRIDING WAITn Wait STATES

The TCU handles the WAITn Wait States by means of an
internal counter that is reloaded with the binary value corre-
sponding to the state of the WAITn inputs each time CWAIT
is sampled low, and is decremented when CWAIT is high.
This allows to either extend a bus cycle of a predefined
number of clock cycles, or prematurely terminate it. To ter-

minate a bus cycle, for example, CWAIT must be asserted
for at least one clock cycle, and the WAITn inputs must be
forced to their inactive state.

At least one wait state is always inserted when using this
procedure as a result of CWAIT being sampled low. Figure
7-16 shows the timing diagram of a prematurely terminated
bus cycle where eleven wait states were being inserted.
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1.0 Functional Description (continued)
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FIGURE 1-16. Overriding WAITn Walt States

(Write Cycle)
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2.0 Device Specifications

2.1 NS32201 PIN DESCRIPTIONS

The following is a description of all NS32201 pins. The de-
scriptions reference portions of the Functional Description,
Chapter 2.

2.1.1 SUPPLIES
Power (Vgc): + 5V positive supply. Sec. 1.1.
Ground (GND): Power supply return. Sec. 1.1.

2.1.2 INPUT SIGNALS

Reset input (RSTI): Active low. Schmitt triggered, asyn-
chronous signal used to generate a system reset. Sac. 1.4.
Address Strobe (ADS): Active low. Identifies the first timing
state (T1) of a bus cycle.

Data Direction input (DDIN): Active low. Indicates the di-
rection of the data transfer during a bus cycle. Implies a
Read when low and a Write when high.

Read/Write Enable and Synchronization (RWEN/
SYNC): TRI-STATE® the RD and the WR outputs when high
and enables them when low. Also used to synchronize the
phase of the TCU clock signals, when two or more TCUs
are used. Sec. 1.5.

Crystal or External Clock Source (XIN): Input from a crys-
tal or an external clock source. Sec. 1.3.

Continuous Walt (CWAIT): Active low. Initiates a continu-
ous wait if sampled low in the middle of T2 during a fast
cycls, or in the middle of TD2 during a peripheral cycle. If
CWATT is low at the end of T1, it initiates a Cycle Hold. Sec.
1.7.1.

Four-Bit Wait State Inputs (WAIT1, WAIT2, WAIT4 and
WAITS): Active low. These inputs, (collectively called
WAITR), allow from zero to fifteen wait states to be Speci-
fied. They are binary weighted. Sec. 1.7.1.

Peripheral Cycle (PER): Active low. If active, causes the
TCU to insert five wait states into a normal bus cycle. It also
causes the Read and Write signals to be re-shaped to mest
the setup and hold timing requirement of slower MOS pe-
ripherals. Sec. 1.7.2.

2.1.3 OUTPUT SIGNALS

Reset Output (RSTO): Active low. This signal becomes ac-
tive when RSTI is low, initiating a system reset. RSTO goes
high on the first rising edge of PHI1 after RSTI goes high.
Sec. 1.4.

Read Strobe (RD): (TRI-STATE) Active low. Identifies a
Read cycle. It is decoded from DDIN and TRI-STATE by
RWEN/SYNC. Sec. 1.6.

Write Strobe (WR): (TRI-STATE) Active low. Identifies a
Wirite cycle. It is decoded from DDIN and TRI-STATE by
RWEN/SYNC. Sec. 1.6.

NOTE: RD and WR are mutually exclusive in any cycle.
Hence they are never low at the same time.

Data Buffer Enable (DBE): Active low. This signal is used
to control the data bus buffers. It is low when the data buff-
ers are 1o be enabled. Sec. 1.6.

Timing State Output (TSO): Active low. The falling edge of
TS0 signals the beginning of state T2 of a bus cycle. The
rising edge of TSO signals the beginning of state T4. Sec.
1.6.

Ready (RDY): Active high. This signa! will go low and re-
main low as long as wait states are to be inserted in a bus
cycle. Itis normally connected to the RDY input of the CPU.
Sec. 1.7.

Fast Clock (FCLK): This is a TTL level clock running at the
same frequency as the crystal or the external source. Its
frequency is twice that of the CPU clocks. Sec. 1.3.

CPU Clocks (PHI1 and PHI2): These outputs provide the
Series 32000 CPU with two phase, non-overlapping clock
signals. Their frequency is half that of the crystal or external
source. Sec. 1.3.

TTL System Clock (CTTL): This is a TTL compatible ver-
sion of the PHI1 clock. Hence, it operates at the CPU clock
frequency. Sec. 1.3.

Crystal Output (XOUTY): This line is used as the return path
for the crystal (if used). It must be left open when an exter-
nal clock source is used to drive XIN. Sec. 1.2.
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2.0 Device Specifications (continued)
2.2 ABSOLUTE MAXIMUM RATINGS (Note 1)

Note: Absolute maximum ratings indicate limits beyond
which permament damage may occur. Continuous opera-

Supply Voltage [Ad tion at these limits is not intended, operation should be limit-
Input Voltages —1t0 +56.5V ed to those conditions specified under Electrial Characteris-
Output Voltages -1to +5.5V lics.
Storage Temperature —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300°C
Continuous Power Dissipation at 25°C
Free-Air (Note 1)
Cavity Package 3030 mW
Molded Package 2840 mW
2.3 ELECTRICAL CHARACTERISTICS T = 0°to +70°C, Vg = 5V £5%, GND=0V
Symbol Parameter Conditions Min Typ Max Units
ViL Input Low Voltage All Inputs Except RSTI & XIN 0.8 v
ViH Input High Voltage All inputs Except RSTI & XIN 2 \
Vi RSTI Rising Threshold
Voltage 0.50 Vee 0.60 Ve 0.70 Ve v
VHys RSTI Hysteresis Voltage 0.10 Vge 0.20 Vo 0.25 Vo \)
Vix XIN Input Threshold
Voltage 0.40 Ve 0.5Vce 0.60 Vco v
lix XIN Input Load
Current 0.5V < V)N < 4.5V +£500 pA
lie Input Low Current Vin= 0.5V Except XIN —500 nA
IIH Input High Current Vin=5.25V Except XIN 50 pA
VoL Output Low Voltage PHI1 & PHI2 1= 1mA —-0.5 0.3
All Other Outputs Except 05 v
XOuT = 20 mA ’
VoH Output High Volitage PHI1 & PHI2 = —1mA Veg—0.3
All Other Outputs Except 04 v
XOUT = —1mA ’
lo(oth) Output Leakage Current 0.4V < Vout < Voo +50 A
OnBD and WR W
VCLAMP Input Clamp Voltage Iin= — 18 mA Except XIN -0.7 —-1.2 v
lcc Supply Current fXIN = 20 MHz 180 260 mA

Note 1: For operation over 25°C free-air lemperature, for cavity package, derate linearly to 2121 mW at 70°C at the rate of 20.2 mW/°C, and for molded package,

derate linsarly to 1818 mW at 70°C al the rate of 22.7 mW/°C.
Note 2: All typical values are for Vog = 5V and T = 25°C.

Connection Diagram

Dual-In-Line Package

\J
beE—41 % |—we
AWEN/SYNC —] 2 23 p— R
m—3 22 | CWATT
WR— 4 21 | WAITY
o0IN—{ § 20 t— WAIT2
05— 6 18 b—waima Order Nu;‘nsbsezrzr;?:ﬂmD or
b o ey See NS Package Number D24C or
N24A
RoY — 9 16 f—crmL
PHIz— 10 15 |—FCLK
PHIt —] 11 14— xout
6ND—] 12 13 |—xi¥
TL/EE/5690-1
Top View
FIGURE 2-1
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2.0 Device Specifications (continued)
2.4 SWITCHING CHARACTERISTICS

2.4.1 Definitions

All the timing specifications given in this section refer to
2.0V on the rising or falling edges of the clock phases PHI1
or PHI2, and to 0.8V or 2.0V on all TTL compatible signals,

ABBREVIATIONS
L.E.—Leading Edge
T.E.—Trailing Edge
R.E.—Rising Edge
F.E.—Falling Edge

unless specifically stated otherwise.
2.4.2 Output Load Circuits (Notes 1, 2, 3)

L vee
2009 1%
vee
p T0 QUTPUT TO OUTPUT |
San UNDER TEST UNDER TEST
<
. 3
T0 QUTPUT | cL 15pF <
UNDER TEST S
200pF <
1 = =
T',_ JEE/5580-21 TL/EE/5590-22 TL/EE/5580-23
LOAD 1 LOAD 2 LOAD 3
Note 1: Unless otherwise specified, the timing measurements are taken with the output pins in the following conditions.
Load 1 PHI1 and PHI2
Load 2 CL=50 pF all TTL outputs
CL=100 pF only CTTL
Load 3 RD and WR for TRI-STATE measurements only.
Note 2: Lead Capacitance includes probe and jig capacitance.
Nate 3: All diodes are 1N914 or equivalent.
2.4.3 Timing Tables
Name |Figure Description Reference/Conditions NS$32201-6 NS32201-8 NS32201-10 Units
Min , Max Min l Max Min ] Max
CLOCK-SIGNALS (XIN, FCLK, PHI1 & PHI2) TIMING (Note 3)
tcp 2.2 |Clock Period PHi1 R.E. to Next PHI1 R.E. 160 120 100 ns
. . AtVcc —0.9VonPHI1,PHI2Z |05 tcp [ 0.51cp [0.51cp[0.5 tcp | 0.5tcp (0.5 1cp
toLh 2.2 |Clock High Time {Both Edges) —17ns| —7ns{—16ns| —7ns |—15ns| —7 ns
. At 0.8V on PHI1, PHI2 051, 0.51cp 0.5tcp
oLl 2.2 [Clock Low Time (Both Edges) 0.51cp +12ng 0.5tcp 1118 0.51cp £10ns
: At 2.0V on PHI1, PHI2 051cp[0.5tcp [0.5tcp | 0.51cp | 0.51c, | 051¢p
IcLw(1,2) | 22 |Clock Pulse Width (Both Edges) —14ns| —4ns|—12ns| —4ns|~10ns| —4ns
PHI1, PHI2 Asymmetry
At 2.0V on PHI1, PHI2 -5 5 -5 5 -5 5 n
fCLwas (toLw1) - towi) S
tolR 2.2 |Clock Rise Time Voo oV 9 8 7 | ns
X Vee —0.9Vto 0.8V
toLr 2.2 |Clock Fall Time onPHI, PHI2F.E. 7 7 7 ns
thovi(1,2| 22 |Glock Nonovertap Time |08Y on PHIT, PHIZ . to o | 5 | o | 5| o s |ns
Non-Overlap Asymmetry| At 0.8V on PHI1, PHI2
t -4 4 —4 4 -4 4
nOvLas {thovi(1) - thovie) s
txig 2.3 |XIN Rise Time 1.5V to Vgc — 1.5V on XIN R.E. 15 11 9 ns
txiF 2.3 [XIN Fall Time Vce —1.5Vto 1.5V on XINF.E. 15 1 9 ns
txn 2.2 1XIN High Time 2.5V on XINRE. to 25 20 16 ns
(External Input) 2.5Von XINF.E.
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NS32201-6/NS32201-8/NS32201-10

2.0 Device Specifications (continued)
2.4 SWITCHING CHARACTERISTICS (Continued)

2.4.3 Timing Tables
Name |Figure Description Reference/Conditions NS32201-6 NS$32201-8 NS32201-10 |4
Min Max Min Max Min Max
txi 2.2 |XIN Low Time 2.5Von XINF.E. to 25 20 16 ns
(External Input) 2.5Von XINR.E.
txer | 2.2 |XINtoFCLKRE. Delay |2.5VonXINRE.toFCLKRE.| 15 29 15 28 15 27 | ns
txFf 2.2 [XINto FCLKF.E.Delay [2.5V onXINF.E.to FCLKF.E. 15 29 15 28 15 27 ns
txcr 2.2 [XINtoCTTLR.E.Delay [2.5VonXINR.E.toCTTLRE.| 24 40 24 39 24 35 ns
txpr 2.2 |XINtoPHI1 R.E.Dslay [2.5V onXINR.E. to PHI1 R.E. 21 40 21 37 21 32 ns
tecR 2.3 |FCLK Rise Time 0.8V to 2.0V on FCLK R.E. 12 9 7 ns
tece | 2.3 |FCLK Fall Time 2.0V 10 0.8V on FCLK F.E. 12 ) 7 ns
trer 2.2 |FCLK 1o CTTLR.E. Delay|FCLK R.EE.to CTTL R.E. 5 17 5 16 5 15 ns
trct 2.2 |FCLKto CTTLF.E. Delay |FCLK R.E. to CTTL F.E. 5 17 5 16 5 15 ns
trpr 2.3 |FCLKtoPHI1 R.E. Delay |FCLK R.E. to PHI1 R.E. 2 17 2 13 2 10 ns
trpt 23 |FCLKto PHI1 F.E. Delay |FCLKR.E.to PHI1 F.E. —4 8 —4 6 -4 4 ns
trw | 23 E‘%‘é:is‘-‘t:lﬂme At2.0V on FCLK (Both Edges)| %25 10p|0.25 tp| 0-25 tcp|0.25 top) 0.23 Lo 0,23 o
tpct 2.3 |PHI2R.E.to CTTL PHI2 R.E.to CTTL F.E. -8 12 -7 11 -6 10 ns
F.E. Delay
totw | 23 |CTTLHigh Time At2.0V on CTTL (Both Edges)| %5'Cp A 02 tcp &%‘gg pch 02 %o
CTTL TIMING (CL =50 pF)
tpcr 2.4 |PHI1to CTTLR.E. Delay |PHI1 R.E.to CTTL R.E. -2 7 -2 6 -2 5 ns
tcTR 2.3 |CTTL Rise Time 0.8Vt0o20Von CTTLR.E. 6 6 5 ns
tcTF 2.3 |CTTL Fall Time 2.0Vt00.8Von CTTLF.E. 5 5 4 ns

Note 1: PHIt and PHI2 are interchangeable for the following parameters: tcp, tcLh, toun tolw toLR. toLF. thovLs tepr trpr tRPE
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2.0 Device Specifications (continued) (4
2.4.3 Timing Tables (Continued) S
s
Name | Figure Description Reference/Conditions NS32201-6 | NS32201-8 | NS32201-10 Units g
Min | Max | Min | Max | Min | Max 7]
CTTL TIMING (CL= 100 pF) §
tror 2.3 |PHI1to CTTL R.E. Delay PHI1 R.E. to CTTLR.E. 2| 8| -2|7|-2]86|n |9
tcTR 2.3 CTTL Rise Time 0.8V10 2.0V on CTTL R.E. 8 8 7 ns é
toTE 2.2 CTTL Fall Time 20V10 08VonCTTLFE. 6 6 5 ns §
CONTROL INPUTS (RST1, RSTO, ADS, DDIN) TIMING B
tRsTr 24 |RSTOR.E. Delay After PHI1 R.E. 25 20 15 | ns -_?
tRsTs 24 |RSTISetup Time Before PHI1 R.E. 20 20 20 ns | S
tADs 2.4 ADS Setup Time Before PHI1 R.E. 30 28 25 ns
tADw 2.4 | ADS Pulse Width ADSLE.t0 ADST.E. 25 25 25 ns
toDs 2.4 |DDIN Setup Time Before PHI1 R.E. 10 10 10 ns
tooh 2.4 | DDIN Hold Time After PHI1 R.E. 15 15 15 ns
CONTROL QUTPUTS (TSD, RD, WR, DBE & RWEN/SYNC) TIMING
tr¢ 25 TSO L.E. Delay After PHI1 R.E, 12 11 10 ns
trr 25 TSO T.E. Delay After PHI1 R.E. 20 18 15 ns
tRwiF) 25 RD/WH L.E. Delay (Fast Cycle) | After PHI1 R.E. 50 40 30 ns
tRwi(s) 26 RD/WR L.E. Delay After PHI1 R.E. 30 23 15 ns
(Peripheral Cycle)
tRwr 2.5/6 |RD/WR T.E. Delay After PHI1 R.E. 25 23 20 ns
tpeiow) 2.5/6 |DBE L.E. Delay (Write Cycle) After PHI1 R.E. 35 30 24 ns
tDBi(R) 2.5/6 BE L.E. Delay (Read Cycle) After PHI2 R.E. 30 23 15 ns
toer 2.5/6 |DBET.E. Delay After PHI2 R.E. 20 20 20 ns
oLz 2.7 | RD,WR Low Level to TRI-STATE | After RWEN/SYNC R.E. 20 20 20 | ns
toHz 2.7 RD,WR High Level to TRI-STATE | Atter RWEN/SYNC R.E. 20 20 20 ns
tpzL 2.7 |RD,WR TRI-STATE to Low Level | After BWEN/SYNC F.E. 25 23 20 | ns
tozH 2.7 RD,WR TRI-STATE to High Level | After RWEN/SYNC F.E, 25 23 20 ns
WAIT STATES & CYCLE HOLD (CWAIT, WAITh, PER & RDY) TIMING m
tows(H) 2.8 | CWAIT Setup Time (Cycle Hold) | Before PHI1 R.E. 35 30 25 ns
tcwh(H) 28 CWAIT Hold Time {Cycle Hold) | After PHI1 R.E. 0 0 0 ns
lowsw) | 2.8/9 | CWAIT Setup Time (Wait States) | Before PHI2 R.E. 13 12 10 ns
townw)| 2.9 [CWAIT Hold Time (Wait States) | After PHI2 R.E. 20 14 8 ns
tws 29 WAITn Setup Time Before PHI2 R.E. 5 5 ns
twh 29 WAITn Hold Time After PHI2 R.E. 25 20 15 ns
tps 2.10 | PER Setup Time Before PHI1 R.E. 0 0 0 ns
tph 2.10 |PER Hold Time After PHI1 R.E. 30 25 20 ns
tRd 2.8/9/10 | RDY Delay After PHI2 R.E. 30 26 23 ns
SYNCHRONIZATION (SYNC) TIMING
tsys 2.1 SYNC Setup Time Before FCLK R.E. 20 18 18 ns
tsyh 2.11 | SYNC Hold Time After FCLK R.E. 3 2 0 ns
tcs 211 CTTL/SYNC Inversion Delay mmaster) to 25 20 15 ns
RWEN/SYNC (slave)
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NS32201-6/NS32201-8/NS32201-10

2.0 Device Specifications (Continued)
2.4.4 Timing Diagrams

fa— X —ola— 1X] —

w o\ F X F v
— IXFr | — e |
FCLK J \ f \_/—

er tFCr e tFC

CTiL ’ '
——wi tXPr |} tCLW{1) —] F%—— teUF Gl —
~F v oV
PHII jE 20¢ A 0.8V

tcp

[—1CLw(2) — teu

Puiz \ IE J —f— 0.8V

thovL() tnOvL(2)

H

TL/EE/5590-24
FIGURE 2-2. Clock Signals (a)
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PHI
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TL/EE/5580-25

FIGURE 2-3. Clock Signals (b)
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2.0 Device Specifications continued)
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FIGURE 2-4. Control Inputs
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FIGURE 2-5. Control Qutputs (Fast Cycle)
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2.0 Device Specifications (continued)
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FIGURE 2-6. Control Outputs (Peripheral Cycle)
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FIGURE 2-7. Controi Outputs (TRI-STATE Timing)
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2.0 Device Specifications (continued)
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FIGURE 2-9. Wait States (Fast Cycle)
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2.0 Device Specifications (Continued)
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FIGURE 2-11. Synchronization Timing
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