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NS32C201-10/NS32C201-15 Timing Control Units

General Description W 4-bit input (WAITn) allowing precise specification of 0 to

15 wait states
The NS32C201 Timing Control Unit (TCU) is a 24-pin device m Cycle Hold f te bitrati / o
fabricated using National’s microCMOS technology. It pro- re);fesh old for system arbitration and/or memory
vides a two-phase clock, system control logic and cycle ex- - = o
tension logic for the Series 32000® microprocessor family. ® System timing (FCLK, CTTL) and control (RD, WR, and

The TCU input clock can be provided by either a crystal or DBE) outputs »
an external clock signal whose frequency is twice the sys- ™ General purpose Timing State Output (TSO) that
tem clock frequency. identifies internal states

In addition to the two-phase clock for the CPU and MMU . Per_lpheral cycle to accommodate slower MOS

(PHI1 and PHI2), it also provides two system clocks for gen- penpherali Y .

eral use within the system (FCLK and CTTL). FCLK is a fast ™ Provides “ready” (RDY) output for the Series 32000
clock whose frequency is the same as the input clock, while CPUs

CTTL is a replica of PHI1 clock. Synchronous system reset generation from Schmitt

The system control logic and cycle extension logic make the trigger input

TCU very attractive by providing extremely accurate bus ™ Phase synchronization to a reference signal
control signals, and allowing extensive control over the bus ~ ® High-speed CMOS technology
cycle timing. B TTL compatible inputs
m Single 5V power supply
Features W 24-pin dual-in-line package

m Oscillator at twice the CPU clock frequency
W 2 phase full Vg swing clock drivers (PHI1 and PHI2)
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1.0 Functional Description

1.1 POWER AND GROUNDING

The NS32C201 requires a single +5V power supply, ap-
plied to pin 24 (Vgg). See Electrical Characteristics. The
Logic Ground on pin 12 (GND), is the common pin for the
TCU.

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

1.2 CRYSTAL OSCILLATOR CHARACTERISTICS

The NS32C201 has an internal oscillator that requires con-
nections of the crystal and bias components to XIN and
XOUT as shown in Figure 1-1. It is important that the crystal
and the RC components be mounted in close proximity to
the XIN, XOUT and V¢ pins to keep printed circuit trace
lengths to an absolute minimum.

Typical Crystal Specifications:

L3/ 1= S At-Cut
Tolerance. ...l 0.005% at 25°C
Stability ........................ 0.01% from 0° to 70°C
Resonance ...................... Fundamental (parallel)
Capacitance ........... ...l 20 pF
Maximum Series Resistance........................ 50Q
vee
CRYSTAL
30pF
1800 FREQUENCY R
XoUuT
(14) T (MHz) (OHM)
ok "] 6-12 470
12-18 220
XIN
(13) 18-24 100
TL/EE/8524-3 24-30 47

FIGURE 1-1. Crystal Connection Diagram
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1.3 CLOCKS

The NS32C201 TCU has four clock output pins. The PHI1
and PHI2 clocks are required by the Series 32000 CPUs.
These clocks are non-overlapping as shown in Figure 1-2.

(==~ ONE T-STATE =

NON-OVERLAPPING
TIMES

TL/EE/8524-4
FIGURE 1.2. PHI1 and PHI2 Clock Signals

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

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.

CTTL is a clock signal which runs at the same frequency as
PHI1 and is closely balanced with it.

FCLK is a clock, running at the frequency of XIN input. This
clock has a frequency that is twice the CTTL clock frequen-
cy. The exact phase relationship between PHI1, PHI2, CTTL
and FLCK can be found in Section 2.

NS32C201 NS32C016
TCU CPU

RSTI ASTO RST/ABT

SYSTEMRESET

TL/EE/8524-5

FIGURE 1-3a. Recommended Reset Connections (Non Memory-Managed System)
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FIGURE 1-3b. Recommended Reset Connections (Memory-Managed System)




1.0 Functional Description (continued)

1.4 RESETTING RWEN/SYNC input to the slave TCU(s) is used for synchro-
The NS32C201 TCU provides circuitry to meet the reset nization. The Slave TCU samples the RWEN/SYNC input
requirements of the Series 32000 CPUs. If the Reset Input on the rising edge of XIN. When RSTO is low and CTTL is
line, RSTl is pulled low, the TCU asserts RSTO which resets high (see Figure 1-5), it RWEN/SYNC is sampled high, the
the Series 32000 CPU. This Reset Output may also be used phase of CTTL of the Slave TCU is shifted by one XIN clock
as a system reset signal. Figure 71-3a illustrates the reset cycle.

connections for a non Memory-Managed system. Figure Two possible circuits for TCU synchronization are illustrated
71-3b illustrates the reset connections for a Memory-Man- in Figures 1-4a and 7-4b. It should be noted that when
aged system. RWEN/SYNC is high, the RD and WR signals will be TRI-

STATE on the slave TCU.

1.5 SYNCHRONIZING TWO OR MORE TCUs — ) )
Note: RWEN/SYNC should not be kept constantly high during reset, other-

During reset, (when RSTO is low), one or more TCUs can wise the clock will be stopped and the device will not exit reset when RSTl is
be synchronized with a reference (Master) TCU. The deasserted.

RWEN/SYNC

(Must Be Low

During Reset) MASTER

XIN] TCU  JeTTL

SLAVE )8
EXTERNAL XIN] TCU RWEN/SYNC
CLOCK 13 <

TL/EE/8524-7

FIGURE 1-4a. Slave TCU Does Not Use RWEN During Normal Operation

RWEN/SYNC
{Must Be Low
During Reset]
9 ) XIN M,%ITJER CTTL
13 1%
RWEN >=—
RSTO
SLAVE | 8
EXTERNAL o, XIN | Teu RWEN/SYNC
CLOCK = 13 2

TL/EE/8524-8

FIGURE 1-4b. Slave TCU Uses Both SYNC and RWEN

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 Specifications in Section 2.

CTi(s) \ / | PHASE CHANGE, \_/_E_\_/—
¥ t t
W/SYNC—/_\_/_\_/_\_
RSTI \
RSTO \

FIGURE 1-5. Synchronizing Two TCUs

TL/EE/8524-9
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1.0 Functional Description (continued)

RSTO

RWEN/SYNC

xmw/w_\_/_\_z,“\_/\_/\_/\_/_\
—\

CTTL(s)

74

n__/

TL/EE/8524-10

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 XIN. Independent of CTTL’s state at
the XIN rising edge, the CTTL state following the XIN rising
edge will be high. Figure 1-6 shows the timing of this se-
quence.

1.6 BUS CYCLES

In addition to providing all the necessary clock signals, the
NS32C201 TCU provides bus control signals to the system.
The TCU senses the ADS signal from the CPU or MMU to
start a bus cycle. The DDIN input signal is also sampled to
determine whether a Read or Write cycle is to be gener-

CPU STATES Ll T2 3
TCU STATES ™ T2 3

NN

T4
T4

ala

ated. 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
either the CPU or the MMU. This is shown in Figure 1-7.

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 RAMs.

Notes:

. The CPU and TCU view some tim-
ing states (T-states) differently.

For clarity, references to T-states

W)

will sometimes be followed by

(TCU) or (CPU). (CPU) also im-

plies (MMU).

Arrows indicate when the TCU

samples the input.

3. RWEN is assumed low (RD and
WR enabled) unless specified dif-
ferently.

. For clarity, T-states for both the

N

IS

) I

D S

TCU and CPU are shown above
the diagrams. (See Note 1.)

- 1 [J
AD \ ]
| S SR, J
_ \ - /_ .
DBE \
1
ROY HIGH

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

TL/EE/8524-11




1.0 Functional Description (continued)
1.7 BUS CYCLE EXTENSION

The NS32C201 TCU uses the Wait input signals to extend
normal bus cycles. A normal bus cycle consists of four PHI1
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.

CPU STATES T2

TCU STATES

PHI1

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 T1 and low in the
middle of T2.

T3 T4

T4

Al )
W,

—_—T—- ¢
bON X
— =t
)
e
« T ]
b))
b))t
__ N T
RD ‘\ ]
\ ox d

9
mi

hds

CWAIT

WAITn

RDY

TL/EE/8524-12

FIGURE 1-8. Wait State Insertion Using CWAIT (Fast Cycle)




1.0 Functional Description (continued)

The RDY signal goes low during T2 and remains low until
CWAIT is sampled high by the TCU. RDY is pulled high by
the TCU during the same PHI1 cycle in which the CWAIT
line is sampled high.

If any of the WAITn signals are sampled low during T2 and

CPU STATES T2 T3

TCU STATES T2 ™1

—

NS

CWAIT is high during the entire bus cycle, then the RDY line
goes low for 1 to 15 clock cycles, depending on the binary
weighted value of WAITn. If, for example, WAIT1 and
WAIT4 are sampled low, then five wait states will be insert-
ed. This is shown in Figure 1-9.

T3veeenenn T3 T3 T4
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FIGURE 1-9. Wait State Insertion Using WAITn (Fast Cycle)




1.0 Functional Description (continued)

1.7.2 Peripheral Cycle WR signals are also re-shaped so the setup and hold times
This cycle is entered when the PER signal line is sampled for address and data will be increased.

low at the beginning of T2. The TCU adds five wait states This may be necessary when slower peripherals must be
identified as TDO-TD4 into a normal bus cycle. The RD and accessed.

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

CPU STATES T T2 T3 T3 T3 T3 T3 T3 T4
TCU STATES TDO 01 TD2 TD3 T04 T4

S A A A a e AW al ol

]
C

i
[ ]
(=

— o o ol o e o e e e e - ————— - - - - ——— - ——— - o ——— - - —

-
e
\

T Y LYy PNV S SR ——

=T a8

| /

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

CPU STATES T T2

TCU STATES TH....

— 0

T3

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 feature is shown in Figure 1-11.

T3 T3 T4

T2 3 T4
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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 will
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 WAITn
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 WAITn to check
whether additional wait states have to be inserted into the
bus cycle. This sampling point depends on whether PER
was sampled high or low. If PER was sampled 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.




1.0 Functional Description (continued)

TCU STATES T T2 TcwW oW W1.......TW10 T3 T4

B AWAW AW AW AWAW AWAWAY

T

¥ ' ' ' '
Cwi ’
v '
v v
" /
\ /_L__\
} '
WAIT!
WAlTn m, | 1010,
sampled 159 1040
RDY N ’
Qed
FIGURE 1-12. Fast Cycle With 12 Wait States

(2 CWAIT and WAIT10) (Read Cycle)

10




1.0 Functional Description (continued)

CPU STATES ™ T2 13 T3 ) 13 L 3 I 13 )
TCU STATES m T2 00 101 ™2 Tow ™I...,... TWS T03 i 13
e JF\JF\_JF\JF\_IF\JF\_IF\_IF\_IF\JF\_JF\_
TS0
R,
C
\
b)Y
ALy
L:
- HIGH
DBE
b)Y
A8y
|
= m
* ‘ + * h)1 *
A8
TWATT
|
WATTi Low
\.:
. »
LS
WAIT2 HIGH
i
WAITS
Low 2
‘ C
WAITE HIGH
WAITn
valus 0101,
sampled 510
RDY \ I
&

FIGURE 1-13. Peripheral Cycle with Six Wait States

(1 CWAIT and WAIT5) (Write Cycle)

TL/EE/8524-17
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1.0 Functional Description (continued)

T3 13 T3 T4

TCU STATES T TH TH T2 TCW TW?2 T3 T4
S AWAN AW AN AN AN AN AWAYE
ADS \ ,

|

' } i i i

T\

{
WAITY
WAIT2 LOW l
!
w
|
WAITS
AlTn

\ |

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




1.0 Functional Description (continued)

CPU STATES m T2 T3 T3 Lk T3 T3 3 T3 T3 T4

AN AN AN AN AN AN AW AW AW AW
w T\ T

g
>ﬁ

)

o — -

\ [

1 NS S N P N N

]
- /

=

o

RDY

[
/////////////
FIGURE 1-15. Cycle Hold of a Peripheral Cycle

1.9 OVERRIDING WAITn WAIT STATES minate a bus cycle, for example, CWAIT must be asserted
The TCU handles the WAITn Wait States by means of an for at least one clock cycle, and the WAITn inputs must be
internal counter that is reloaded with the binary value corre- forced to their inactive state.

sponding to the state of the WAITn inputs each time CWAIT At least one wait state is always inserted when using this
is sampled low, and is decremented when CWAIT is high. procedure as a result of CWAIT being sampled low. Figure
This allows to either extend a bus cycle of a predefined 1-16 shows the timing diagram of a prematurely terminated
number of clock cycles, or prematurely terminate it. To ter- bus cycle where eleven wait states were being inserted.

13




1.0 Functional Description (continued)
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2.0 Device Specifications
2.1 PIN DESCRIPTIONS
The following is a description of all NS32C201 pins. The

descriptions reference portions of the Functional Descrip-
tion, Section 1.

2.1.1 Supplies
Power (Vgg): +5V positive supply. Section 1.1.
Ground (GND): Power supply return. Section 1.1.

2.1.2 Input Signals

Reset Input (RSTI): Active low. Schmitt triggered, asyn-

chronous signal used to generate a system reset. Section

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.

Note: In Rev. A of the NS32C201 this signal is CMOS compatible. In later
revisions it is TTL compatible.

Read/Write Enable and Synchﬂ\ization (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. Section 1.5.

Crystal or External Clock Source (XIN): Input from a crys-

tal or an external clock source. Section 1.3.

Continuous Wait (CWAIT): Active low. Initiates a continu-

ous wait if sampled low in the middle of T2 during a Fast

cycle, or in the middle of TD2, during a peripheral cycle. If

CWAIT is low at the end of T1, it initiates a Cycle Hold.

Section 1.7.1.

Four-Bit Wait State Inputs (WAIT1, WAIT2, WAIT4 and

WAIT8): Active low. These inputs, (collectively called

WAITn), allow from zero to fifteen wait states to be speci-

fied. They are binary weighted. Section 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 meet

the setup and hold timing requirement of slower MOS pe-

ripherals. Section 1.7.2.

2.1.3 Output Signals

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

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

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

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

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

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

System Clock (CTTL): This is a system version of the PHI1
clock. Hence, it operates at the CPU clock frequency. Sec-
tion 1.3.

Crystal Output (XOUT): 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. Section 1.2.

15




2.0 Device Specifications (continued)

2.2 ABSOLUTE MAXIMUM RATINGS (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage v
Input Voltages —0.5Vto Vgg + 0.5V

Note: Absolute maximum ratings indicate limits beyond
which permament damage may occur. Continuous opera-
tion at these limits is not intended; operation should be limit-
ed to those conditions specified under Electrical Character-
istics.

Output Voltages —0.5Vto Vge + 0.5V
Storage Temperature —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300°C
Continous Power Dissipation 1w

2.3 ELECTRICAL CHARACTERISTICS Ty = —40°C to +85°C, Vcg = 5V £5%, GND = 0V

Symbol Parameter Conditions Min Typ Max Units
ViL Input Low Voltage All Inputs Except RSTI & XIN 0.8 Vv
ViH Input High Voltage All Inputs Except RSTI & XIN 2.0 \%
VT4 RSTI Rising Threshold Voltage | Voo = 5.0V 2.5 3.5 \
VHys RSTI Hysteresis Voltage Voo = 5.0V 0.8 1.9 v
VL XIN Input Low Voltage 0.20 Ve \%
VyxH XIN Input High Voltage 0.80 Voo \%
L Input Low Current ViN = OV —-10 RA
(I Input High Current ViN = Voo 10 RA
VoL Cuputtowoliage i:? gtﬁel?—(;ljt’pluts :E)r::gpt XOUT, | = 2mA 0-10Vee |V
Vor Output High Voltage Qggflj_t[:uis E):cc\::; 0.90 Voo v
I Leakage Current on RD/WR 0.4V < V|y < Veo —20 +20 A
lcc Supply Current fxin = 20 MHz 100 120 mA

Note 1: All typical values are for Voo = 5V and T4 = 25°C.

Connection Diagram

Dual-In-Line Package

_ o
DBE — 1 24 |—vw¢
RWEN/SYNC — 2 23 |— PER
A—3 22 |— CWAIT
WR—]4 21 | —wami
DOIN —4 5 20 }— WAIT2
AS—6  poascoor 19— WATE
RSTI—]7 Tou 18 |— WAIT3
RST0—j 8 17 }— TS0
RDY —{ § 16 f—cTTL
PHIZ—] 10 15 p— FCLK
PHI1 —] 11 14— X0uT
GND =i 12 13 f—XiN
TL/EE/8524-2
Top View

Order Number NS32C201D or NS32C201N
See NS Package Number D24C or N24A

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
and PHI2; to 15% or 85% of Vg on all the CMOS output
signals, and to 0.8V or 2.0V on all the TTL input signals,
unless specifically stated otherwise.

2.4.3 Timing Tables

2.4.2 Output Loading
Capacitive loading on output pins for the NS32C201.

RDY,DBE, TSO .. oeieeeeee e 50 pF
BD,WR oo 75 pF
CTTL oot 50+ 100 pF
FOLK vttt e e 100 pF
PHI, PHIZ . oo 170 pF

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

Symbol Figure Description Reference/Conditions NS$32C201-10 NS32¢201-15 Units
Min Max Min Max
CLOCK-SIGNALS (XIN, FCLK, PHI1 & PHI2) TIMING
tcp 2.2 Clock Period PHI1 R.E. to Next
PHI REE. 100 66 ns
toLn 2.2 Clock High Time At 90% Vg on PHI1 0.5 t¢p 0.5 t¢p 0.5t¢p 0.5 1cp
(Both Edges) —15ns —7ns —10ns —3ns
toul 2.2 Clock Low Time At 15% Vg on PHI1 0.5 tcp 0.5 tcp 0.5 tgp 0.5tcp
—5ns +10ns —5ns +6ns
toLw(,2) 2.2 Clock Pulse Width At 2.0V on PHI1, PHI2 0.5 tcp 0.5tcp 0.5 top 0.5 tcp
(Both Edges) —10ns —4ns —6ns —4ns
toLwas PHI1, PHI2 Asymmetry At2.0V on PHI1, _5 5 _3 3 ns
(toLw (1) — toLw (2) PHI2
tcLr 2.2 Clock Rise Time 15% 10 90% V¢ 8 6 ns
on PHI1 R.E.
toLF 2.2 Clock Fall Time 90% to 15% Vg 8 6 ns
on PHI1 F.E.
thovL (1,2) 2.2 Clock Non-Overlap Time /;H;% Vg on PHI, 5 T2 ) 42 ns
thovLas Non-Overlap Asymmetry At 15% Vg on PHIT, 4 4 _3 3 ns
(thovL (1) = thovi (2) PHI2
tyn 2.2 XIN High Time At 80% Vg on XIN 16 10 ns
(External Input) (Both Edges)
tx 2.2 XIN Low Time At 15% Vg on XIN 16 10 ns
(External Input) (Both Edges)
tyrr 2.2 XIN to FCLK R.E. Delay 80% Vg on XIN R.E.
to FCLKR.E. 6 29 6 25 ns
tyre 2.2 XIN to FCLK F.E. Delay 15% Vg on XIN F.E.
to FCLK F.E. 6 29 6 25 ns
txcr 2.2 XIN to CTTL R.E. Delay 80% Vg on XIN R.E.
to CTTL R.E. 6 34 6 25 ns
txpr 2.2 XIN to PHI1 R.E. Delay 80% Vg on XIN R.E.
to PHI1 RE. 6 32 6 25 ns
trcr 2.2 FCLK to CTTL R.E. Delay FCLK R.E. to CTTL R.E. 0 6 0 6 ns
tect 2.2 FCLK to CTTL F.E. Delay FCLK R.E. to CTTL F.E. -3 4 -3 4 ns
tepr 2.3 FCLK to PHI1 R.E. Delay FCLK R.E. to PHI1 R.E. -3 4 -3 4 ns
teps 2.3 FCLK to PHI1 F.E. Delay FCLK R.E. to PHI1 F.E. -5 2 -5 2 ns
trw 2.3 FCLK Pulse Width At 50% Vg on FCLK 0.25 t¢p 0.25 t¢cp 0.25 tcp 0.25 tcp
with Crystal (Both Edges) —5ns +5ns —5ns +5ns
tpct 23 PHI2 R.E.to CTTL PHI2 R.E.to CTTL F.E. _3 4 _3 3 ns
F.E. Delay
tcTw 2.3 CTTL Pulse Width At50% Vg on CTTL 0.5 t¢p 0.51¢p 0.51¢p 0.51¢p
(Both Edges) —7ns +1ns —5ns +1ns

Note 1: txc,, trcr trer teoh toTh are measured with 100 pF load on CTTL.

Note 2: PHI1 and PHI2 are interchangeable for the following parameters: tcp, tcLh, toLi toLw toLr. toLF thovLs txpr trpr trps
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2.0 Device Specifications (continued)

2.4.3 Timing Tables (Continued)

NS32C201-10

NS§32C201-15

Symbol Figure Description Reference/Conditions Units
Min Max Min Max

CTTL TIMING (CL = 50 pF)

tpor 2.3 PHI1 to CTTL R.E. Delay PHI1 R.E. to CTTL R.E. -2 5 -2 3 ns

teTR 2.3 CTTL Rise Time 10% t0 90% Vo . 5 ns
on CTTL R.E.

toTF 2.3 CTTL Fall Time 90% to 10% Voo - 5 ns
on CTTL F.E.

CTTL TIMING (CL = 100 pF)

tpor 2.3 PHI1 to CTTL R.E. Delay PHI1 R.E.to CTTL R.E. -2 6 -2 4 ns

teTR 2.3 CTTL Rise Time 10% t0 90% Vg 8 . ns
on CTTLR.E.

teTe 2.3 CTTL Fall Time 90% to 10% Voo 8 . ns
on CTTLF.E.

CONTROL INPUTS (RST1, ADS, DDIN) TIMING

tRsTs 2.4 RSTI Setup Time Before PHI1 R.E. 20 15

tADs 2.4 ADS Setup Time Before PHI1 R.E. 25 20 ns

tADw 2.4 ADS Pulse Width ADS L.E.to ADST.E. 25 20 ns

toDs 2.4 DDIN Setup Time Before PHI1 R.E. 15 13 ns

CONTROL OUTPUTS (RSTO, TSO, RD, WR, DBE & RWEN/SYNC) TIMING

tRsTr 2.4 RSTO R.E. Delay After PHI1 R.E. 21 10 ns

trs 25 TSO L.E. Delay After PHI1 R.E. 12 8 ns

tre 25 TSO T.E. Delay After PHI1 R.E. 3 18 3 10 ns

tRWi(F) 2.5 RD/WR L.E. Delay (Fast Cycle) After PHI1 R.E. 30 21 ns

tRWi(S) 2.6 ﬁ/yv_n L.E. Delay After PHI R.E. 25 15 ns

(Peripheral Cycle)

tRwr 2.5/6 RD/WR T.E. Delay After PHI1 R.E. 3 20 3 15 ns

tDBf(W) 2.5/6 DBE L.E. Delay (Write Cycle) After PHI1 R.E. 25 15 ns

tDBI(R) 25/6 DBE L.E. Delay (Read Cycle) After PHI2 R.E. 20 " ns

toBr 2.5/6 DBE T.E. Delay After PHI2 R.E. 20 15 ns

toLz 2.7 RD,WR Low Level to TRI-STATE | After RWEN/SYNC R.E. 25 20 ns

toHz 27 RD,WR High Level to TRI-STATE | After RWEN/SYNC R.E. 20 15 ns

tozL 2.7 RD,WR TRI-STATE to Low Level | After RWEN/SYNC F.E. 25 18 ns

tpzH 2.7 RD,WR TRI-STATE to High Level | After RWEN/SYNC F.E. 25 18 ns

WAIT STATES & CYCLE HOLD (CWAIT, WAITnh, PER & RDY) TIMING

tows(H) 2.8 CWAIT Setup Time (Cycle Hold) Before PHI1 R.E. 30 20 ns

towh(H) 2.8 CWAIT Hold Time (Cycle Hold) After PHI1 R.E. 0 0 ns

towsw) 2.8/9 CWAIT Setup Time (Wait States) | Before PHI2 R.E. 10 6 ns

towhw) 2.9 CWAIT Hold Time (Wait States) After PHI2 R.E. 20 10 ns

tws 2.9 WAITN Setup Time Before PHI2 R.E. 7 6 ns

twh 2.9 WAITn Hold Time After PHI2 R.E. 15 10 ns

tps 2.10 PER Setup Time Before PHI1 R.E. 7 5 ns

tph 2.10 PER Hold Time After PHI1 R.E. 30 20 ns

tRd 2.8/9/10 | RDY Delay After PHI2 R.E. 25 12 ns

SYNCHRONIZATION (SYNC) TIMING

toys 2.1 SYNC Setup Time Before XIN R.E. 6 6 ns

tsyh 2.11 SYNC Hold Time After XIN R.E. 5 5 ns

tcs 2.1 CTTL/SYNC Inversion Delay CTTL (master) to 10 7 ns
RWEN/SYNC (slave)
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2.0 Device Specifications (continued)
2.4.4 Timing Diagrams

<—‘xn-| tyi-=
N Za0%ved S’( /
| = tn

- terr

PHI2 90% Vee

teLw(2)

FIGURE 2-2. Clock Signals (a)

thovi(1) »|

e—tey —

3

FCLK

\

FIGURE 2-3. Clock Signals (b)

T

—/
PHI1 \ 7

T2

N\

{

txer trer » = tre
CTL

txer I tep teLh(1) — |« telr  torr +
PHI1 90% Voo 15% Vee
15% Vge
< thovi(2) »

w N S\

tresrs>|
L C
ST 35V > 7
RSTI 7r
tRsTr > |¢
L C
RSTO i
~ taDs =
tADw
‘3 \ /
ADS
>/ | tops
r G
— v 7
OO o X
4 7

FIGURE 2-4. Control Inputs

TL/EE/8524-21

TL/EE/8524-22

TL/EE/8524-23
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2.0 Device Specifications (continued)

PHI1 _}
PHI2 _\

m

t_\

/

t_\

T2 T3

T4
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tr -

TS0

tRwi(F) >

tTr -

|-

Slxl
B B

toBi(w) ~|

\]:i
\

tRwr >

O
m

j‘DBf(R)
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tpgr |

TL/EE/8524-24

FIGURE 2-5. Control Outputs (Fast Cycle)
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FIGURE 2-6. Control Outputs (Peripheral Cycle)
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FIGURE 2-7. Control Outputs (TRI-STATE Timing)
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2.0 Device Specifications (continued)

Ll

PHI2

TH1 (FIRST)

TH, (LAST) 2
TN Y\ N
S-\ > e tows(w)
tows(H) | [~ 7‘[‘ ~| = town(H) o)

CWAIT

CYCLE HOLD

RDY

PHI1 _\_/‘_\

;_:‘susszousm WAIT STATE

“w

FIGURE 2-8. Cycle Hold
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FIGURE 2-9. Wait State (Fast Cycle)
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FIGURE 2-10. Wait State (Peripheral Cycle)

TL/EE/8524-29
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2.0 Device Specifications (continued)

CcTTL i
|<— 1S |
RWEN/SYNC i

XIN

o

[«—— tsv sy —=

F

TL/EE/8524-30

FIGURE 2-11. Synchronization Timing

22




Physical Dimensions inches (millimeters)

1.230

(31.24)
MAX

4 [3] (2| [o1] feo] [1s] [18] [17) [ie] [is] fra] ff3]

0.568—0.605
) (18.43-15.37)
Le
NO. TIDENT — T 2] [5] (o] [5] (6] [ [o] (8] M9 (W] [
0.050 *0.005 : 0.555 0165
(1270 £0.127) (18.10) 4.191)
TYP | MAX SQUARE MAX
I 1 ! 0.020-0.060
l | i { (0.508-1.528)
0.005 A A W—
0.008-0.015 0120 }
{0.203-0.381) MIN
TYP
0.005
‘ 0.580-0.620 ’ | 0.100 0,010 l ‘ _H__ 0.015-0.023 | | 0.150
! (14.99-15.75) T {2540:0258) ' (0.381-0.584) @810)
Tvp TYP MIN
JLE LI B 0.125-0.200
(2.489) (3.175-5.080)
MAX TYP (3.175-5.080)

24-Lead Cavity Dual-In-Line Ceramic Package (D)
Order Number NS32C201D-6 or NS32C201D-10

NS Package Number D24C

D24C (REV G)
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NS32C201-10/NS32C201-15 Timing Control Units

Physical Dimensions inches (millimsters) (Continued) Lit. #112350
1.243-1.270
{3157-32.26)
| _[a] [3 [22] [o1] [a0] ie] [17] [16] [s] [1a] [l
i
! ]
0.062 | !
e 1| 0.540 0,005
}* : (13.716 :0.127)
PIN NO. 1 IDENT
T :
|\
T 1] ] T BT G O] G 1
DOTTED OUTLINES
REFLECT ALTERNATE
0.580 MOLDED BODY CONFIGURATION
(14.73) 0.030
min ——
0.762) 0.075
0.00-0:20 WX s e AT 01600006
{15.24-15.748) + i 1.528) “'ﬂ‘;’ [‘ {8,064 20.127) +
== = Il T
? / A 0.170-0.210
] { }{2318-5.338)
- 0.009-0.015 <Zeoon ]
95°+5 0.008-0.015 86°94 ] f
o525 0025 T o2z P ¥ oots
| 625 s 0.075 £0.015 }__ ‘4 001820003 T e
I +0.635 {1.905 £0.381) R (0.457 :0.076) - 'y
(15875 *053%) 4‘ (2;:: ::g;:) {3.175-3.556)

N24A (REV E)
24-Lead Dual-In-Line Molded Package (N)
Order Number NS32C201N-10
NS Package Number N24A

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor
Corporation
1111 West Bardin Road

Arlington, TX 76017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

National Semiconductor

Europe

Fax:
Email:
Deutsch Tel:
English  Tel:
Francais Tel:
ltaliano  Tel:

(+49) 0-180-530 85 86
cnjwge @tevmz2.nsc.com
(++49) 0-180-530 85 85
(+49) 0-180-532 78 32
(+49) 0-180-532 93 58
(+49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

18th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




