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Timing Control Unit, Clock Genera-
tor for CY7C601A and CY7C611A
SPARC processors

Supports 25-, 33-, 40-MHz operation
o Simplifies interface to slow memory
and peripherals by eliminating the
need for wait-state logic

Flexible clock extension architecture
— 0-cycle to 14-cycle extensions

_—user controlled (continuous cycle)
extension

24-pin 300-mil DIP and 28-pin PLCC
packages

Overview

Like most RISC processors, a fast-run-
ning 7C601/611 SPARC Integer Unit (1U)
must spend time waiting for slower
memory or peripheral devices. Because
the 7C601/611 completes an instruction
and generates a new address every clock,
a complicated handshake protocol and a
correspondingly complicated state ma-
chine must be used to keep the IU from
getting ahead of the slow devices.

This protocol relies primarily on the siﬁ-

nals (Memory Hold) and
(Memory Data Strobe). ﬁﬁ%ﬁﬁ is as-
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serted by the memory system,to freeze the
processor when data is unavailable.

is used to strobe in the data when it be-
comes available. The timing relationships
between these signals and other proces-
sor-generated signals must be accounted
for by the state machine handling the
handshaking.

The purpose of the 7C325 Timing Con-
trol Unit (TCU) is to simplify the wait
state logic by controlling (stretching) the
clock sent to the TU. If the IU accesses a
device for which it must wait, the LOW
portion of the clock sent to the IU is ex-
tended—i.e., held low—until the device is
ready. Once the clock signal is subequent-
ly released, the IU can continue. Because
the TU effectively encounters only one
clock cycle per access, the need for the
complicated handshake state machine is
eliminated. The single chip TCU is espe-
cially useful in embedded control applica-
tions where low chip count is highly desir-
able.

Functional Description

The number of stretched cycles in the
7C325 TCU is controlled by a four-bit
binary count input: an input of 0001 wili
stretch the clock for one cycle (keep it
LOW one extra cycle), an input of 0010

Timing Control Unit

will stretch the clock for two cycles, and
50 on up to an input of 1110 to stretch the
clock for fourteen cycles. A count input of
1111 will stretch the clock continuously
until an RDY (ready) signal is asserted.
An input of 0000 is the no stretch condi-
tion.

These counts are derived from the proces-
sor addresses. Because the input count is
four bits wide, the address space can be
divided into as many as sixteen subspaces,
and devices that require the same number
of wait cycles can be grouped into the
same subspace.

For example, if all devices that require
eight wait cycles are memory mapped to
hex address 3xo00xx, then whenever the
four most significant address bits are
equal to 0011, a code converter will gen-
erate a count of 1000 to the CY7C325.
This code converter can be easily implem-
ented with a PAL or PLD. In addition, the
user does not need to create the full six-
teen subspaces. If only 0, 2, 4, and contin-
uous wait cycles are needed, the user may
create just four subspaces and, conse-
quently, employ just two address bits to
generate the TCU input count. It should
also be noted that the subspaces can be of
different sizes.

Logic Block Diagram
X0
X1 il
X2 it
X3 ————
COUNT AND
CONTROL WAIT STATE
RDL ——— INTERFACE ENCODING
WRTL ——————i LOG|C LOGIC
RDY ———
INULL ———
FNULL —ss
RESET —™
CLK_DSKWin ' %%N%SY L SCLOCK1
osc. ———» osC | — = SCLOCK2
CLOCK STRETCHING
LOGIC AND BUFFERS | FCLOCK
L NOTFCLOCK

Ca25-1

PLDs E
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Functional Description (continued)

The code converter described above is preferred but not required.
Users who wish to reduce cost or board space can eliminate the
code converter by feeding the IU’s address bits directly to the TCU
and memory mapping the devices by their counts (e.g., memory
map devices requiring eight wait cycles to hex address 8xxoxxx).
The code converter can also be eliminated by programming the
number of wait cycles for each address into the IU’s ASI bits.

The count inputs are sampled on the falling edge of the stretched
clock, SCLOCK, which is used as the system clock by the IU and
peripherals. It is one of the three clock signals provided by the
7C325. The other two are FCLOCK and NOTFCLOCK. If the
count input is not 0000 when it is sampled, the stretched clock out-
put will stay LOW for the specified number of cycles.

The two SCLOCK outputs can be buffered toincrease their driving
capability. However, the same buffer delay must be added to the
FCLOCK output path and the NOTFCLOCK output—skew con-
trol feedback path to eliminate skew. There are several other sig-
nals that affect the stretching operation as well. RD is an output
fromthe IU thatindicates whether an access isa read (RD = 1) or
awrite (RD = 0). WRT, another IU output, is asserted only on the
firstcycle of a write. RD is needed because a read access (load) is
treated differently from a write access (store). A minimum write
accessconsists of two clock cycles. The firstclock is used by the pro-
cessortoreverse the databus and by external logic to perform tasks
such as access protection checking, address translation, and cache
tag comparison. The second cycle is when the write is actually ex-
ecuted. Thus, the first cycle of a write is never stretched. Because
WRT is active only during the first cycle of a write, it is used by the
TCU todifferentiate between the two cycles.

INULL and FNULL are signals asserted by the Integer Unit and
Floating Point Unit, respectively, to nullify the current access. As-
sertion of either signal during the first cycle of a load or store will
terminate an access. However, because INULL is always asserted
in the second cycle of a store (to prevent assertion of MHOLD for
the remainder of the write), it isignored by the 7C325 once awrite
stretch has started.

Pin Description

The following sections contain brief descriptions of the pin func-
tions.

Pin Configurations

DIP
Top View

Vee
NOTFCLOCK
FCLOCK
SCLOCK1
BCLOCK2
NC

NC

NC

NC

NC

NC
FNULL

Cazs-2

Power and Ground

VCC: power, connected to the +5V power supply.
GND: ground.

Inputs

CLK: clock input to TCU’s internal logic.

OSC: input from the oscillator.

X0 — X3: count inputs, derived from CPU address; equal to the
number of cycles the clock will be stretched. These inputs are
sampled by the falling edge of the SCLOCK.

X{3..0} | Number of Cycles SCLOCK will be Stretched
0000 zero — no stretch
0001 one
0010 two
0011 three
0100 four
0101 five
0110 six
0111 seven
1000 eight
1001 nine
1010 ten
1011 eleven
1100 twelve
1101 thirteen
1110 fourteen
11 countinuous until RDY

PLCC
Top View
z
g

43 21282726
x1 §s 25 [ SCLOCK1
x2 §6 24 B sclocke
x3 Q7 7C325 2383 NC
GNDO 8 22§ GND
RESET ] & 218 NC
Aoy O 10 2080 NC
WRTL 77 451314 1516 1718191 NC
C3253
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Pin Description (continued)
RESET reset; restores the TCU to a known state; sampled by the
falling edge of FCLOCK.
RDY: ready, from peripheral device; this input is sampled by the
fallingedge of FCLOCK.Ifthisinputissampled LOW the TCUwill

terminateacontinuous stretch. (awatchdog timer time —outsignal
can be ORed into this input as well)

WRTL:earlywrite; thisisthelatchedversion of the processorsignal
WRT. It is sampled by the TCU at the falling edge of SCLOCK.
RDL: read/write; this is the latched version of the processor signal
RD.Itis sampled by the TCU at the falling edge of SCLOCK. (1 =
read, 0 = write)

INULL: integer nullify from the processor. It is asserted by the [U
to nullify its current access. If INULL is HIGH the TCU will end
the current stretch.

Selection Guide

FNULL: floating point nullify from the FPU. It is asserted by the
FPU to nullify its current access. If FNULL is HIGH the TCU will
end the current stretch.

Outputs

FCLOCK: non-stretched clock signal.

NOTFCLOCK:inverted FCLOCK — fedback tothe TCU CLK in-
put to eliminate skew.

SCLOCKI1.: system clock.

SCLOCK?2: system clock. (repeated to provide extra load driving
capability)

7C325-40 7C325-33 7C325-25
Frequency (MHz) 40 33 25
Icc(mA) 190 190 90

Maximum Ratings
(Abovewhich the useful life may be impaired. Foruser guidelines,

DCInput Current —30mAto +5mA

nottested.) Static Discharge Voltage . ................oooveens >2001V
Storage Temperature ...............-.. — 65°Cto +150°C {per MIL-STD-883, Method 3015)
Ambient Temperaturewith Operating Range
PowerApplied . ................coon —55°Cto +125°C pe g g yes
. _ bient
?é)p\)}y]\t/aoltaie t(l). (‘:irougd 11;’0tent1al ......... 0.5V to +7.0V Range Temperature Vee
'oltage Applied to Outputs n S >
inHighZState ..................... — 0.5V to +VocMax. Commercial 0°Cto +70°C 5V 5%
DClInputVoltage ...............coointn - 0.5Vto +5.5V
Electrical Characteristics Overthe Operating Range
7C325-40,33 7€325-25
Parameters Description Test Conditions Min. | Max. | Min. | Max. |Units
Vee = Min, Viy = Vigor Vo,
Vou Output HIGH Voltage Iog = - 3.2mA 2.4 24 v
Ve = Min,, Vi = Vi or Vi,
VoL Output LOW Voltage Iop = 16mA 05 0.5 v
Guaranteed Input Logical HIGH
Vin Input HIGH Voltage Voltage for All Inputs(1] 20 20 v
Guaranteed Input Logical LOW
viL Input LOW Voltage Voltage for All Inputs 1] 0.8 0.8 v
Irx Input Leakage Current Vss < VIN < Ve, Vee = Max. —250 | +50 -10 +10 HA
Ioz Output Leakage Current Vss < VouTt < Voo, Yoc = Max. -100 [ +100 | —40 +40 RA
Isc Output Short Circuit Current | Ve = Max,, Vour = 0.5VE -30 | =90 | =30 [ -9 | mA
Ice Power Supply Current Vee = Max,, Viy = GND, 190 90 mA
OutputsOpen
Notes

1. These are absolute values with respect to device ground and all over-
shoots due to system or tester noise are included.

2. Not more than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems cansed by tester ground degrada-
tion.
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Capacitance
Parameters Description Max. Units
CiN InputCapacitance 10 pF
Cout OutputCapacitance 10 pF

AC Test Loads and Waveforms

238Q 238Q ALL INPUT PULSES
5V 5V 3.0V
OUTPUT 1 OuUTPUT P 90% 0%
2 P4 10% 10%
50 pF 3 1700 5pF g 170Q  GND

INCLUDING = = INCLUDING = — <5ns <5ns

JIG AND JIG AND

SCOPE SCCPE

(a) (b) figlab-4 figlab-5
Speed Cy, Package Equivalent to: THEVENIN EQUIVALENT
40 MH 15pF DC,PC 99Q
‘ P OUTPUT O——wAv——0  2.08V = V¢
50 pF IC
33MHz 15pF DC,PC
50 pF IC
25 MHz 50 pF DC,PC,JC
Switching Characteristics Over the Operating Range
7C325-40 7C325-33 7C325-25
Parameters Description Min. Max. Min. Max. Min. Max, Units
OSC to FCLOCK, NOTFCLOCK, and
toc SCLOCKSs delayl?! 8 12 15 ns
tss Set-Up Time to SCLOCK Falling Edge 4 5.5 10 ns
tsF Set-Up Time to FCLOCK Falling Edge 4 55 10 ns
ty Hold Time 2 2 2 ns
tsKw Skew Between Any Two Clock Outputsl?] 1 1 1 ns
tcye Cycle Time 25 30 40 ns
toscH Oscillator HIGH Time 45tcye A5 teye 45 tcye ns
toscL Oscillator LOW Time A5 teye A5 teye A5 tcye ns
Notes
3. This specification is guaranteed for all device outputs changing statein 4. The capacitive loading at each clock output is with 10% of the other
agiven cycle. clock outputs.
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Switching Waveforms

teve >

? toc toscH toscL
0sC

FCLOCK

SCLOCK \m\ /] —_\_
NOTFCLOCK | /] /—\__//_\_/ \___/

PLDs i

[ tskw
4 tH
X0 - X3 %
WRTL, RDL
tss 4
H
RESET, RDY,
INULL, FNULL
tsF
Read "__ CLOCK STRETCHED FOR 6 CYCLES ___.1
FCLOCK
sclock I LT 1 I I N
X3 - X0 XSO KIKI AR X XX XXX X K 0000
ROL XX/ X/ NEXXXXXXXX
INULL
(not shown — RESET, RDY, WRTL, OSC, NOTFCLOCK, FNULL)
Read — Continuous Stretch
l'= CLOCK STRETCHED CONTINUQUSLY UNTIL RDY _——_.|
FCLOCK
scock I 1 N I
X3 - X0 SO IR XX AR X XXX SOOIOAOHKR X XXX X 0000
RDL XX/ ST K KKK IR HKAHX XXX XXX XXX AXX N
RDY N
ULl XN

(not shown — RESET, WRTL, OSC, NOTFCLOCK, FNULL)
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Switching Waveforms (continued)

j« NO STRETCH »}

je— CLOCK STRETCHED FOR5 CYCLES — |

WritelS]
FoLock —J L T 1 1 ey r b
scock —I LI L T LT L rv
x3-x0 XX omw CEEEEOO _ww
ROL XX\ XN Z
WRTL. /" ~—" \ / \
INULL 7\ )
(not shown — RESET, OSC, RDY, NOTFCLOCK, FNULL)
Read Terminated by INULL
Flock I L L LI Ly L Ly rererieri
sctock I 1 | T B
X3 - X0 XX K011 X XXX XXX XXX X001t XX X AN0011 SO XK 0000
ROL XX/ 4 V' \XXXXXXXXS
INULL / \ / \
INULL on first cycle
ends stretch after first
stretched cycle
(not shown — RESET, WRTL, RDY, OSC, NOTFCLOCK, FNULL)
Write Terminated by INULL
Foock I L o1 L1 ori+ ey rrreererir
scock I L J L L riri
X3 - X0 T D 476202626 ¢76-02¢26¢~¢ 7 @ITD, €T
ROL XX\ y4 XX XXXXX/
WRTL
INULL _/]NULL on second cycle of a store is ignored \
by TCU and does not end a stretch INULL on first cycle of a store
ends stretch immediately
{not shown — RESET, OSC, RDY, NOTFCLOCK, FNULL)
Note:

5. The first cycle of a write is not stretched.

4-100
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Typical Application Configuration
asc

(SKEW CONTROL FEEDBACK)
CLK_DSKWiy
CWB336 0sCc NOTFCLOCK NOTFGLOCK
A0 A0 %0 %0 FCLOCK [—® FCLOCK
= o o 71 ©CcY7C325
A23 A3 X3 X3 TCU
CY7C611A RESET
U ROY SCLOCK! f—————-—p» SCLOCK1
RD RD RDL ADL SCLOCK2 SCLOCK2
WRT | WRT WRTL WRTL FNULL

INULL

From FPU

Ordering Information

fmax Icc Package Operating
(MHz) | (mA) Ordering Code Type Range
40 190 CY7C325-40PC P13 Commercial
CY7C325-40DC Di4
CY7C325-40]C Jo4
33 190 CY7C325-33PC P13 Commercial
CY7C325-33DC D14
CY7C325-33]C Jo4
25 90 CY7C325-25PC P13 Commercial
CY7C325-25DC D14
CY7C325-251C Jo4

Document #: 38—-00184
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