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NS32C201 -10/NS32C201 -15 Timing Control Units
G e n e ra l D e s c r ip t io n
The NS32C201 Timing Control Unit (TCU) is a 24-pin device 
fabricated using National's microCMOS technology. It pro­
vides a two-phase clock, system control logic and cycle ex­
tension logic for the Series 32000® microprocessor family. 
The TCU input clock can be provided by either a crystal or 
an external clock signal whose frequency is twice the sys­
tem clock frequency.
In addition to the two-phase clock for the CPU and MMU 
(PHI1 and PHI2), it also provides 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 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.

F e a tu re s
■ Oscillator at twice the CPU clock frequency
■ 2 phase full Vqc swing clock drivers (PHI1 and PHI2)

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

■ 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

■ Peripheral cycle to accommodate slower MOS 
peripherals

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

■ Synchronous system reset generation from Schmitt 
trigger input

■ Phase synchronization to a reference signal
■ High-speed CMOS technology
■ TTL compatible inputs
■ Single 5V power supply
■ 24-pin dual-in-line package
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1.0 F u n c t io n a l D e s c r ip t io n
1.1 POWER AND GROUNDING
The NS32C201 requires a single +5V  power supply, ap­
plied to pin 24 (Vcc)- See Electrical Characteristics. The 
Logic Ground on pin 12 (GND), is the common pin for the 
TCU.
A 0.1 juF, ceramic decoupling capacitor must be connected 
across Vcc 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 Vcc pins to keep printed circuit trace 
lengths to an absolute minimum.
Typical Crystal Specifications:
Type.................................................................................At-Cut
Tolerance........................................................0.005% at 25°C
Stability................................................0.01 % from 0° to 70°C
Resonance .........................................Fundamental (parallel)
Capacitance................................................................... 20 pF
Maximum Series Resistance.............................................50D

■ vcc

30 pF

TL/EE/8524-3

CRYSTAL
FREQUENCY R

(MHz) (OHM)

6-12 470
12-18 220
18-24 100
24-30 47

FIGURE 1-1. Crystal Connection Diagram

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.

-*-ONET-STATE-«-

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 
PH 11 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.

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

RESET SWITCH 
(OPTIONAL)

TL/EE/8524-6
FIGURE 1-3b. Recommended Reset Connections (Memory-Managed System)
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1 .0 F u n c t io n a l D e s c r ip t io n  (Continued)
1.4 RESETTING
The NS32C201 TCU provides circuitry to meet the reset 
requirements of the Series 32000 CPUs. If the Reset Input 
line, RSTI 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 1-3a illustrates the reset 
connections for a non Memory-Managed system. Figure 
1-3b illustrates the reset connections for a Memory-Man­
aged 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 XIN. When RSTO is low and CTTL is 
high (see Figure 1-5), if 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 1-4b. It should be noted that when 
RWEN/SYNC is high, the RD and WR signals will be TRI­
STATE on the slave TCU.
Note: RWEN/SYNC should not be kept constantly high during reset, other- 
wlse the clock will be stopped and the device will not exit reset when RSTI is 
deasserted.

TL/EE/8524-7

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

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.

+ + *

RWEN/ SYNC__________ /  \ ________ /  \ ________ /

RSTO \
TL/EE/8524-9

FIGURE 1-5. Synchronizing Two TCUs
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1.0 Functional Description (Continued)

B5T0
LOW

J V

FIGURE 1-6. Synchronizing

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-

~ \ _ _ y
TL/EE/8524-10

One TCU to An External Pulse

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.

CPU STATES T1 T2 T3 T4

Notes:
1. The CPU and TCU view some tim­

ing states (T-states) differently. 
For clarity, references to T-states 
will sometimes be followed by 
(TCU) or (CPU). (CPU) also im­
plies (MMU).

2. Arrows indicate when the TCU 
samples the Input.

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

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

TL/EE/8524-11

FIGURE 1-7. Basic TCU Cycle (Fast Cycle)
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1.0 F u n c t io n a l D e s c r ip t io n  (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.

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

1.7.1 Normal Walt 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.

CPU STATES T1 T2 T 3 ...................  T3 T3 T4

TL/EE/8524-12
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1.0 F u n c t io n a l D e s c r ip t io n  (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 feature is shown in Figure 1-11.

CPU STATES T1 T2 T3 T3 T3 T4

TCU STATES 

PHI1

m

T H . . . . . . . . T H T2 K>
u

\TSO

5 M

/
I

Wr \ /
RB

1
\
L _____

\ \
i
1
1

rDBE

iH m■ ■ ■ ■ i

* J 1

■ " i p mf | ■ ■ i

• « ------------

RDY
\ _ J

FIGURE 1-11. Cycle Hold Timing Diagram

TL/EE/8524-15

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
lo w s ^  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.
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15 1.0 Functional Description (Continued)
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TL/EE/8524-16

FIGURE 1-12. Fast Cycle With 12 Walt States 
(2 CWAIT and WAIT10) (Read Cycle)
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CPU STATES T1 T2 T3 T3 T3 T3 T3 T3 T4
TCU STATES T1 TH TH T2 TCW TW1 TW2 T3 T4

1.0 Functional Description (Continued)
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TL/EE/8524-18

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

CPU STATES T1 T2 T3 T3 T3 T3 T3 T3 T3 T3 T4

ADS "V
TSff

TH. . . . . . . . .  TH T2

\

TD1 TD2 . TD3 . TD4 . T3 T4TCU STATES T1 TH. . . . . . . . .  TH T2 TOO TD1 TD2 TD3 TD4 T3 T4

r

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 
1-16 shows the timing diagram of a prematurely terminated 
bus cycle where eleven wait states were being inserted.
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CPU STATES T1 T2 T3 T3 T3 T3 T3 T4

TCU STATES 
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FIGURE 1-16. Overriding WAITn Wait States 

(Write Cycle)

TL/EE/8524-20
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2 .0  D e v ic e  S p e c if ic a t io n s
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 (Vcc): + 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/Wrlte Enable ajtd 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. 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 RSTI 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.

4-17

N
S32C

201-10/N
S

32C
201-15



N
S

32
C

20
1-

10
/N

S
32

C
20

1-
15

2 .0  D e v ic e  S p e c if ic a t io n s  (continued)
2.2 ABSOLUTE MAXIMUM RATINGS (Note 1) Note: Absolute maximum ratings indicate limits beyond 
If M ilitary/Aerospace specified devices are required, which permament damage may occur. Continuous opera- 
please contact the National Sem iconductor Sales tion at these limits is not intended; operation should be limit- 
O ffice /D istributo rs fo r availability and specifications. to those conditions specified under Electrical Character- 
Supply Voltage 7V istics.
Input Voltages -0 .5 V  to Vcc +  0.5V 
Output Voltages -0 .5 V to  Vcc +  0.5V 
Storage Temperature -6 5 °C to + 1 5 0 °C  
Lead Temperature (Soldering, 10 sec.) 300°C 
Continous Power Dissipation 1W

2.3 ELECTRICAL CHARACTERISTICS Ta =  -4 0 °C to  +  85°C,VCc  =  5V ±5% ,G N D  =  0V

Symbol Parameter Conditions Min Typ Max Units

V|L Input Low Voltage All Inputs Except RSTI & XIN 0.8 V

V|H Input High Voltage All Inputs Except RSTI & XIN 2.0 V

v T+ RSTI Rising Threshold Voltage Vcc =  5.0V 2.5 3.5 V

Vhys RSTI Hysteresis Voltage Vcc =  5.0V 0.8 1.9 V

VXL XIN Input Low Voltage 0.20 VCC V

VXH XIN Input High Voltage 0.80 Vcc V

IlL Input Low Current
>oIIz>

- 1 0 pA

■iH Input High Current < z II < o o 10 pA

V0L
Output Low Voltage PHI1 &PHI2,1 =  1 mA

All Other Outputs Except XOUT, I =  2 mA 0.10 VCC V

VOH
Output High Voltage All Outputs Except 

XOUT, I =  - 1  mA 0.90 VCC V

II Leakage Current on RD/WR 0.4V ^  V|n ^  Vcc -2 0 +  20 pA

>cc Supply Current fxin =  20 MHz 100 120 mA
Note 1: All typical values are for V cc =  5V and TA = 25°C.

C o n n e c t io n  D ia g ra m
Du

B6E—  
RWEN/SYNC—  

KD —  
Wfi—  

SDiN —  
koi —  
RSti —  
Rsto—
ROY —  
PHI2 —  
PHI1-— 
GND —

Order Numbe 
See NS P ad

al-ln-Line Packa 
--------- -------------
1 24
2 23
3 22
4 21
5 20

8 NS32C201 19
7 TCU 18
8 17
9 16
10 15
11 14
12 13

Top View

r NS32C201D or 
cage Number D2

FIGURE 2.1

ge

—  Vcc
—  PER
—  CWAiT 
— WAiri
—  WMT2 
— WMT4
— Sots

— m  
— cm
—  FCLK
—  XOUT
—  XIN

TL/EE/8524-2

NS32C201N 
4C or N24A
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2.0  D e v ic e  S p e c if ic a t io n s  (continued)
2.4 SWITCHING CHARACTERISTICS 2.4.2 Output Loading
2.4.1 Definitions Capacitive loading on output pins for the NS32C201.

All the tinning specifications given in this section refer to RDY, DBE, T S O .............................................................. 50 pF
2.0V on the rising or falling edges of the clock phases PHI1 RD, WR ........................................................................... 75 pF
and PHI2; to 15% or 85% of Vr.r. on all the CMOS output r r m  sn-MOOpF 
signals, and to 0.8V or 2.0V on all the TTL input signals, p r.| w m nnP  
unless specifically stated otherwise. „  _

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

2.4.3 Timing Tables

Symbol Figure Description Reference/Conditlons NS32C201-10 NS32C201-15 Units
Min | Max Min | Max

CLOCK-SIGNALS (XIN, FCLK, PHI1 & PHI2) TIMING
tap 2.2 Clock Period PHI1 R.E. to Next 

PHI1 R.E. 100 66 ns

tCLh 2.2 Clock High Time At 90% VCc on PHI1 
(Both Edges)

0.5 tCp 
-1 5  ns

0.5 top 
- 7  ns

0.5 tcp 
-1 0  ns

0.5 tCp 
- 3  ns

tCLI 2.2 Clock Low Time At 15% VCc on PHI1 0.5 tcp 
- 5  ns

0.5 top 
+ 10 ns

0.5 tCp 
- 5  ns

0.5tcp 
+ 6 ns

tCLw(1,2) 2.2 Clock Pulse Width At 2.0V on PHI1.PHI2 
(Both Edges)

0.5 tcp 
-1 0  ns

0.5 tcp 
- 4  ns

0.5 tcp 
- 6  ns

0.5 tcp 
- 4  ns

tCLwas PHI1, PHI2 Asymmetry 
(tCLw(1)-tCLw(2»

At 2.0V on PHI1, 
PHI2 - 5 5 - 3 3 ns

tCLR 2.2 Clock Rise Time 15% to 90% VCc 
on PHI1 R.E. 8 6 ns

*CLF 2.2 Clock Fall Time 90% to 15% VCc 
on PHI1 F.E. 8 6 ns

*nOVL(1,2) 2.2 Clock Non-Overlap Time At 15% VCc on PHI1, 
PHI2 - 2 + 2 - 2 + 2 ns

tnOVLas Non-Overlap Asymmetry 
OnOVL (1) -  tnOVL (2))

At 15% VCc on PHI1, 
PHI2 - 4 4 - 3 3 ns

»Xh 2.2 XIN High Time 
(External Input)

At 80% VCc on XIN 
(Both Edges) 16 10 ns

txi 2.2 XIN Low Time 
(External Input)

At 15% VCc on XIN 
(Both Edges) 16 10 ns

»XFr 2.2 XIN to FCLK R.E. Delay 80% VCc on XIN R.E. 
to FCLK R.E. 6 29 6 25 ns

tXFf 2.2 XIN to FCLK F.E. Delay 15% Vc c on XIN F.E. 
to FCLK F.E. 6 29 6 25 ns

txCr 2.2 XIN to CTTL R.E. Delay 80% VCc on XIN R.E. 
to CTTL R.E. 6 34 6 25 ns

*XPr 2.2 XIN to PHI1 R.E. Delay 80% VCc on XIN R.E. 
to PHI1 R.E. 6 32 6 25 ns

*FCr 2.2 FCLK to CTTL R.E. Delay FCLK R.E. to CTTL R.E. 0 6 0 6 ns

*FCf 2.2 FCLK to CTTL F.E. Delay FCLK R.E. to CTTL F.E. - 3 4 - 3 4 ns

*FPr 2.3 FCLK to PHI1 R.E. Delay FCLK R.E. to PHI1 R.E. - 3 4 - 3 4 ns

*FPf 2.3 FCLK to PHI1 F.E. Delay FCLK R.E. to PHI1 F.E. - 5 2 - 5 2 ns

tFw 2.3 FCLK Pulse Width 
with Crystal

At 50% VCc on FCLK 
(Both Edges)

0.25 top 
- 5  ns

0.25 top 
+ 5 ns

0.25 tcp 
- 5  ns

0.25 tcp 
+ 5 ns

tpcf 2.3 PHI2 R.E.to CTTL 
F.E. Delay

PHI2 R.E. to CTTL F.E. - 3 4 - 3 3 ns

tCTw 2.3 CTTL Pulse Width At 50% Vcq on CTTL 
(Both Edges)

0.5 tCp 
- 7  ns

0.5 tcp 
+ 1 ns

0.5 tcp 
- 5  ns

0.5 tcp 
+ 1 ns

Note 1: txcr. *FCr. *FCf. *PCt- tcTh are measured with 100 pF load on CTTL.
Note 2: PHI1 and PHI2 are interchangeable for the following parameters: tcp, tci_h. tcLl. kxw. tcLR, tcLF. *nOVL. *XPr. *FPr. 'FPf-
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2 .0  D e v ic e  S p e c if ic a t io n s  (continued)

2.4.3 Timing Tables (Continued)

Symbol Figure Description Reference/Conditlons NS32C201-10 NS32C201-15 Units
Min Max Min Max

CTTL TIMING (CL = 50 pF)

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

tCTR 2.3 CTTL Rise Time 10% to 90% VCc 
on CTTL R.E. 7 6 ns

*CTF 2.3 CTTL Fall Time 90% to 10% VCc 
on CTTL F.E. 7 6 ns

CTTL TIMING (CL = 100 pF)

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

<CTR 2.3 CTTL Rise Time 10% to 90% VCc 
on CTTL R.E. 8 7 . ns

tCTF 2.3 CTTL Fall Time 90% to 10% VCc 
on CTTL F.E. 8 7 ns

CONTROL INPUTS (RST1, ADS, DDIN) TIMING

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

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

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

*DDs 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

tTf 2.5 TSO L.E. Delay After PHI1 R.E. 12 8 ns

l Tr 2.5 TSO T.E. Delay After PHI1 R.E. 3 18 3 10 ns

tRWf(F) 2.5 RD/WR L.E. Delay (Fast Cycle) After PHI1R.E. 30 21 ns

tRWf(S) 2.6 RD/WR L.E. Delay 
(Peripheral Cycle)

After PHI1 R.E. 25 15 ns

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

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

*DBf(R) 2.5/6 DBE L.E. Delay (Read Cycle) After PHI2 R.E. 20 11 ns

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

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

tpHZ 2.7 RD.WR High Level to TRI-STATE After RWEN/SYNC R.E. 20 15 ns

tpZL 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, WAITn, PER & RDY) TIMING

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

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

*CWs(W) 2.8/9 CWAIT Setup Time (Wait States) Before PHI2 R.E. 10 6 ns

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

tw s 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 PH11 R.E. 30 20 ns

*Rd 2.8/9/10 RDY Delay After PHI2 R.E. 25 12 ns
SYNCHRONIZATION (SYNC) TIMING

tSys 2.11 SYNC Setup Time Before XIN R.E. 6 6 ns

<Syh 2.11 SYNC Hold Time After XIN R.E. 5 5 ns

tcs 2.11 CTTL/SYNC Inversion Delay CTTL (master) to 
RWEN/SYNC (slave) 10 7 ns
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2.0  D e v ic e  S p e c if ic a t io n s  (Continued)

2.4.4 Timing Diagrams

TL/EE/8524-21

T1 T2

TL/EE/8524-22

TL/EE/8524-23
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T1 T2 T3 T4

FIGURE 2-6. Control Outputs (Peripheral Cycle)
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2.0 Device Specifications (Continued)

Tt TH1 (FIRST) THn (LAST) T2

TL/EE/8524-27

TL/EE/8524-28
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J  \ _ _ f — V
FIGURE 2-11. Synchronization Timing

TL/EE/8524-30
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