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Chapter 1: Overview

Introduction

This document entitled “ Gate Array S1L.50000 Series 2.5 Voltage Library Design Guide” describes how
to use the cells of S1L.50000 series at 2.5V+10% single power voltage or an internal voltage of
2.5V+10% and | / O buffers at 3.3V+0.3V. When using them at other voltage combinations, refer to
“Gate Array S1L.50000 Series Design Guide (MF1087-05)" in detail.

Chapter 1. Overview
The S1L.50000 Seriesis afamily of ultra high-speed VLS| CMOS gate arrays utilizing a 0.35um "sea-

of-gates' architecture.

1.1 Features
* Integration
* Operating Speed

* Process
¢ |/F Levels
* Input Modes

* Output Modes
* Output Drive

* RAM
* Dual Power

A Max. of 815,468 gates (2 input NAND gate equival ent)

Internal gates: 170ps (2.5V Typ.)
(2-input pair NAND, F/O = 2, Typical wire load)
Input buffer:  400ps (3.3V Typ.) Built-in level shifter is used.
600ps (2.5V Typ.) (F/O =2, Typical wire load)
Output buffer: 2.02 ns(3.3V Typ.) Built-inlevel shifter isused.
2.70ns (2.5V Typ.) (CL = 15pF)

0.35 um 2/3/4 layer metalization CMOS process
Input/Output TTL/CMOS/LVTTL compatible

CMOS, LVTTL, CMOS Schmitt, LVTTL Schmitt, PCI

Built-in pull-up and pull-down resistors can be usable. (2 types for
each resistor value)

Normal, 3-state, bi-directional, PCI

loo=0.1,1,2, 6 12mA sdectable (at 3.3V)

loL=0.1,05, 1, 3, 6mA selectable (at 2.5V)

Asynchronous 1-port, asynchronous 2-port

Operation supported by using level-shifter circuit
Internal logic: operation supported by low voltage
| / O Buffer:  built-in interfaces of both high and low voltages possible

GATE ARRAY S1L50000 SERIES
2.5 Voltage Library DESIGN GUIDE
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Chapter 1: Overview

1.2 Master Structure

The S1L50000 Series comprises 12 types of masters, from which the customer is able to select the
master most suitable.

Table 1-1 Overview

Number | Number Cell utilization ratio(U)*1

Master Total BC | Number of of

(Raw Gates) | of Pads | Columns| Rows | 2-layer | 3-layer | 4-layer

X) ) metal metal metal

S1L50282/50283/50284 28710 88 319 90 50% 88% 95%
S1L50552/50553/50554 55500 124 444 125 47% 85% 95%
S1L50752/50753/50754 75774 144 519 146 47% 85% 95%
S1L50992/50993/50994 99198 168 594 167 47% 85% 95%
S11L51252/51253/51254 125772 188 669 188 45% 80% 95%
S1L51772/51773/51774 177062 224 794 223 45% 75% 95%
S1L52502/52503/52504 250160 264 944 265 45% 75% 95%
S11L53352/53353/53354 335858 308 1094 307 43% 75% 95%
S1L54422/54423/54424 442112 352 1256 352 40% 70% 90%
S1L55062/55063/55064 506688 376 1344 377 40% 70% 90%
S1L56682/56683/56684 668552 432 1544 433 40% 70% 90%
S1L58152/58153/58154 815468 480 1706 478 40% 70% 90%

NOTE: *1: Thisisthe value when there are no cells, such as RAM cells. The cell use effciency is, dependent not only on the
scope of the circuits, but also on the number of signals, the number of branches per signd, etc. ; thus, use the values
inthistable only as an estimate.
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Chapter 1: Overview

1.3 Electrical Characteristics and Specifications

Table 1-2 Absolute Max. Ratings (For Single Power Supplies)

(Vss=0V)
Iltem Symbol Limits Unit
Power Supply Voltage Vbp -0.3t04.0 \%
Input Voltage Vi -0.3to Vpp + 0.5 \Y
Output Voltage Vo -0.3to Vpp + 0.5™1 \%
Output Current/Pin lout + 30 mA
Storage Temperature Tstg -65 to 150 °C

*1: Possiblesto use from -0.3V to 7.0V of the open-drain systems of N channel, input buffer in the IDC and IDH systems and

Fail-Safe cell.

Table 1-3 Absolute Max. Ratings (For Dual Power Supplies)

(Vss=0V)
Item Symbol Limits Unit
HVpp -0.3t0 7.0 \Y
Power Supply Voltage
LVpp -0.3t0 4.0
HV| -0.3to HVpp + 0.5 V
Input Voltage
LV, -0.3to LVpp + 0.5 Y,
HVo -0.3 to HVpp + 0.5 \Y,
Output Voltage
LVo -0.3to LVpp + 0.5 \Y
Output Current/Pin lout + 30 (+502) mA
Storage Temperature Tstg -65 to 150 °C

*1: Possiblesto use from-0.3V to 7.0V of the open-drain systems of N channel, input buffer inthe LIDC and LIDH systems or
the HIDC and HIDH systems and Fail-Safe cell.

*2: Possibles to use for 24mA of output buffer.

GATE ARRAY S1L50000 SERIES
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Chapter 1: Overview

Table 1-4 Recommended Operating Conditions (For Single Power Supplies)

Iltem Symbol Min. Typ. Max. Unit
Power Supply Voltage Vbbp 2.25 2.50 2.75 \%
Input Voltage \ Vss — Vpp*l \%
Ambient Temperature Ta _20 gg ;gz °C
Normal Input Rising Time*4 tri — — 100 ns
Normal Input Falling Time*4 tta — — 100 ns
Schmitt Input Rising Time*4 tri — — 10 ms
Schmitt Input Falling Time*4 tra — — 10 ms

*1: Possibles to use 5.50V of the open-drain systems of N channel and input buffer in the IDC and IDH systems.
*2: The ambient temperature range is recommended for Tj=0to 85 °C

*3: The ambient temperature range is recommended for Tj=-40to 125 °C

*4: Thistime represents the 10% to 90% change times of Vpp.

Table 1-5 Recommended Operating Conditions (For Dual Power Supplies)

Item Symbol Min. Typ. Max. Unit

Power Supply Voltage (High Voltage) HVbp 3.00 3.30 3.60 \Y,

Power Supply Voltage (Low Voltage) LVpp 2.25 2.50 2.75 \%
HV| Vss — HVpp™

Input Voltage \%
LV Vss — LVpp™

. 0 25 7072 o

Ambient Temperature Ta -40 o5 853 C

Normal Input Rising Time*4 ns
Lty — — 100
Htsa — — 50

Normal Input Falling Time*4 ns
Htri —_— — 5

Schmitt Input Rising Time*4 ms
Lty — — 10
Htfa —_— — 5

Schmitt Input Falling Time*4 ms
Ltea — — 10

*1: Possiblesto use 5.50V of the open-drain systems of N channel and input buffer inthe LIDC and LIDH systems or HIDC and
HIDH systems.

*2: The ambient temperature range is recommended for Tj =0to 85 °C

*3: The ambient temperature range is recommended for Tj = -40to 125 °C

*4: Thistime represents the 10% to 90% change times of Vpp.
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Chapter 1: Overview

Table 1-6 Electrical Characterisics
(HVpp=3.3V%0.3V, Vss=0V, Ta=-40 to 85°C)

Iltem Symbol Conditions Min. | Typ. | Max. | Unit
Input Leakage Current I — -1 — 1 HA
Off State Leakage Current | loz — -1 — 1 A
loy = -0.1mA (Type S), -1mA (Type M)
. -2 mA (Type 1), -6mA (Type 2) HVpp | .
High Level Output Voltage | Von -12mA (Type 3. Type 4) 04 \%
HVpp = Min.
loL = 0.1mA (Type S), 1ImA (Type M)
2mA(Type 1), 6mA (Type 2) o o
Low Level Output Voltage | VoL 12mA (Type 3), 24mA (Type 4) 0.4 \Y,
HVpp = Min.
High Level Input Voltage VIH1 LVTTL Level, HVpp = Max. 2.0 — — \Y
Low Level Input Voltage Vi1 LVTTL Level, HVpp = Min. — — 0.8 Y,
High Level Input Voltage | V11+ LVTTL Schmitt 1.1 — 2.4 \%
Low Level Input Voltage VT1- LVTTL Schmitt 0.6 — 1.8 \%
Hysteresis Voltage VH1 LVTTL Schmitt 0.1 — — \%
High Level Input Voltage | Vin3 PCI Level, HVpp = Max. 1.8 — — \%
Low Level Input Voltage Vi3 PCI Level, HVpp = Min. — — 0.9 \Y
PCI Response .36 . . mA
High Level Output Current | lons Von = 0.90V, HVpp = Min. e - 115 mA
Vou = 2.52V, HVpp = Max.
PCI Response 48 mA
Low Level Output Current |loL3 VoL = 1.80V, HVpp = Min. o : 1;7 mA
VoL = 0.65V, HVpp = Max.
Type1| 40 | 100 (ggg)
Pull-up Resistance * Rpy V=0V (400) kQ
Type 2 80 200 480
Type 1 40 100 (ggg)
Pull-down Resistance * Rpp V| =HVpp (400) kQ
Type 2 80 200 480
. . Bus Hold Response
gl?r?eﬁvel Maintenance BHH2 Viy = 2.0V . . 20 LA
HVpp = Min.
Low Level Maintenance Bus HOlg Response
Current IgHL2 VN =0.8V — — 17 HA
HVpp = Min.
. Bus Hold Response
gl?r?eﬁvel Reversal lBHHO2 Vin = 0.8V 350 | — . LA
HVpp = Max.
Bus Hold Response
IC_:?JVrVr(Ia_r?tve' Reversal lBHLOp Vin = 2.0V 210 . - LA
HVpp = Max.
Input Terminal _ _
Capacitance Ci f=1MHz, HVpp = OV — — 10 pF
Output Terminal _ _
Capacitance Co f=1MHz, HVpp = OV — — 10 pF
Input/Output Terminal _ _
Capacitance Co f=1MHz, HVpp = OV — — 10 | pF
* The values parenthesized meansin case of Ta= 0 to 70°C.
GATE ARRAY S1L50000 SERIES EPSON 5
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Chapter 1: Overview

Table 1-7 Electrical Characteristics
(Vpp or LVpp = 2.5V £ 0.25V, Vss = 0V, Ta = -40 to 85°C)

Iltem Symbol Conditions Min Typ. | Max. | Unit
Input Leakage Current I — -1 — 1 HA
Off State Leakage Current | loz — -1 — 1 HA
loy =-0.1mA (Type S), -0.5mA (Type M) Vppor
. -1mA (Type 1), -3mA (Type 2) - -
High Level Output Voltage |Von -6mA (Type 3) L\éDAE) \%
Vpp or LVpp= Min. -
lo =0.1mA (Type S), 0.5mA (Type M)
1mA(Type 1), 3mA (Type 2) o -
Low Level Output Voltage | VoL 6mA (Type 3), 0.4 \Y,
Vpp or LVpp= Min.
High Level Input Voltage | Vin1 EA';A)?S Level, Vop or LVop = 1.7 — — v
Low Level Input Voltage Vi1 CMOS Level, Vpp or LVpp = Min. | — — 0.7 \%
High Level Input Voltage | V11+ CMOS Schmitt 0.6 — 1.7 \Y
Low Level Input Voltage Vr1- CMOS Schmitt 0.7 — 1.3 \%
Hysteresis Voltage Vh1 CMOS Schmitt 0.03 — — \%
Type 1 25 75 (128)
Pull-up Resistance* Rpu V=0V (300) kQ
Type 2 50 150 360
Type 1 25 75 (128)
Pull-down Resistance* Rpp V|, =Vpp or LVpp (300) kQ
Type 2 50 150 360
High Level Maintenance Bus H0|_d Response
Current laHH2 Vin =17V - - - HA
Vpp or LVpp = Min.
Low Level Maintenance Bus HOl_d Response
Current laHL2 Vin =0.7v - - 5 KA
Vpp or LVpp = Min.
. Bus Hold Response
gl?rrr\eh?vel Reversal lBHHO? Vin = 0.7V 280 | — . LA
Vpp or LVpp = Max.
Bus Hold Response
I(_:(zjvrvr é_r?tvel Reversal lBHLO2 Vi = 1.7V 170 . . LA
Vpp or LVpp = Max.
Input Terminal _ —
Capacitance C f= 1MHz, Vpp or LVpp = OV — — 10 pF
Output Terminal _ _
Capacitance Co f=1MHz, Vpp or LVpp = 0V — — 10 pF
Input/Output Terminal _ _
Capacitance Cio f=1MHz, Vpp or LVpp = 0V — — 10 pF

* The values parenthesized means in case of Ta+ 0 to 70°C.
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Chapter 1: Overview

Table 1-8 Quiescent Current (For Single Power Supplies)
(Tj=85°C)

Master 2.5V + 0.25V Unit
Ipbs Max.

S1L50282/50283/50284
S1L50552/50553/50554
S1L50752/50753/50754
S1L50992/50993/50994

S1L51252/51253/51254
S1L51772/51773/51774 84 HA
S1L52502/52503/52504

S1L53352/53353/53354
S11L54422/54423/54424 160 HA
S1L55062/55063/55064

S1L56682/56683/56684
S11L58152/58153/58154

33 KA

242 HA

Table 1-9 Quiescent Current (For Dual Power supplies)
(Tj= 85°C)

3.3V 0.3V 25V 025V

Hipps Max. Llops Max. Unit

Master

S1L50282/50283/50284
S1L50552/50553/50554
S1L50752/50753/50754
S1L50992/50993/50994

S11L51252/51253/51254
S1L51772/51773/51774 35 84 HA
S11L52502/52503/52504

S1153352/53353/53354
S1L.54422/54423/54424 50 160 HA
S1L55062/55063/55064

S1156682/56683/56684
S1L58152/58153/58154

25 33 HA

60 242 HA

Hlpps: The quiescent current between HVpp and Vsg
Llpps: The quiescent current between LV pp and Vss

* The value of quiescent current, except when chip temperature Tj=85°C, can be estimated from the
following formula: (Tj = - 40 to 85°C. For Tj=125°C, the estimated quiescent current is calculated
from the temperature coefficient = 12. For Tj = 85 to 125°C, please consult Seiko Epson or its
distributor.)

Ipps(Tj) = Ipps(Tj=85°C) x Temperature coefficient
T8
= lppg(Tj=85°C) x 10 &

(Example) The value of quiescent current of S1L55062 for Vpp = 2.5V + 0.25V and Tj = 50°C is

estimated.
50-85
Ipps(Tj=50°C) =Ippg(Tj=85°C) x 10 &
=160 x 0.261
=41.76 (UA)
GATE ARRAY S1L50000 SERIES EPSON 7
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Chapter 1: Overview

** For the case of dual power supplies, the sum of the quiescent current for both of the voltages used is
given as the total quiescent current (HIpps + LIpps).

1.4 Overview of Gate Array Development Flow

Gate arrays are developed jointly by the customer and EPSON. System design, circuit design, and test
pattern design is performed by the customer, based on various reference materials, including the cell
libraries provided to the customer by EPSON.

Various modes of interface, listed below, are possible between the customer and EPSON during design,
depending on the stage in gate array development wherein the customer interfaces with EPSON.

When interfacing with EPSON, the customer isto provide the necessary data and documentsto
EPSON.

Customers are expected to perform simulation, analysis, and other necessary work on the target project
using available software and EPITS (*1) or Auklet (*2) by Seiko Epson. When the customer has
completed this work, Seiko Epson will undertake placement and wiring work on that project.

Note 1: EPITS|s Seiko Epson’s ASIC design support system that runs on an MS-Windows NT4.0 or SUN-Solaris
platforms. It does not include any simulation or synthesis functions.

Note 2: Auklet is Seiko Epson’s ASIC design support system that runs on an MS-Windows 95/98 or NT4.0.

The following lists the EDA software that EPITS currently supports.
* Verilog-XL (*1)
* ModelSim (*2)

The following lists the EDA software that Auklet currently supports:
* Verilog-XL
« Polaris (*3)
Note) *1 : Verilog-XL isaregistered trademark of Cadence Desgin Systems Corporation, USA.

*2: ModelSim is aregistered trademark of Mentor Graphics of the U.S.
*3: Polarisis aregistered trademark of AVANT! of the U.S.

For moreinformation, refer to the Gate Array Technical Guide or contact to our sales office for technical
support.

8 EPSON GATE ARRAY S1L50000 SERIES
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Chapter 1: Overview

The process flow of the gate array development process is shown below:

| Customer | [ | Distributor (Interface) | [ | EPSON |
Product Plan | |
Functional Spec. |
iy : | _ | (Smulation)
D+ Circuit Design ’ chematic
’ | Test Pattern gl PinAssinment |
: Design /| * Test pattern (timing chart) |
/ v / * Timing wave form
/) Cogical Check : [ * Marking diagram |
* PIO
: (S| mu|ati0n) ')IIIIIIIIIIIIIIII y o 4 O)<IIII‘
/ Timing Check
4 (Simulation)

| § § SN

| o \ *Pin Assinment |
*Timing waveforn]
| *Marking diagram

*P/IO
P & 4 |

¥ & & 0 L4

\
\
\
\

W
“i““

Delay Analizing

I
W\d—% Post Simulation |

I

I
Customer Spec Make Masks
(Sign off I

W

\ TS (Test Sample)

fabrication
[ ]
ES (Engineering
Sample) fabrication

I

I

I

I

I

! ES(TS) Prototype
ES(TS) Approve Approval

the Prototype | /
Delivery Spec Delivery Spec.
v | K \_/—\ publication
Approve |
Delivery Spec |
Delivery Spec
| Approv.

|
* jobs are done by customer and EPSON engineer.
( ) is based on customer’s requirement.

NOTE: When the customer performs all tasksto the point of logical simulations and delay simulations on
engineering workstations, etc., the route taken is (2). When EPSON performs the logical simulations, the route
takenis (1).
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Chapter 2: Estimating Gate Density and Selecting
the Master

Methods and guidelines are described below to assist in defining the logic which will be integrated into
agate array, estimating the array requirements, and determining the appropriate master for a given
application.

2.1 Dividing Up Logic Between Chips

When extracting logic, which isto be integrated into gate arrays from the system being created by the
user, the logic should be selected with the following criteriain mind.
* Integration Criteria
(1) Logic sizeto beintegrated (Gate count)
(2) Number of 1 /O pins required (Pin count)
(3) Package to be used
(4) Power consumption
Generally, the larger the gate size, the more power is consumed, and the more input and output
terminals required. Because of this, it may be better, from the perspective of total cost or from the

perspective of power consumption, etc., to divide the circuit into multiple chips, rather than forcing
them into a single chip.

2.2 Determining Gate Size

In the case of gate arrays, the scope of the array is defined as the sum of gates or basic cells (BCs) used.
One gate or basic cell istypically defined as being equivalent to one two-input NAND gate (or four
transistors). The “Gate Array S1L.50000 Series MSI Cell Library” can be used as reference to facilitate
gate count estimation.

2.3 Estimating the Number of Input/Output Pins

Defining the number of 1/0 signals, test signals and power pins required for a given application has a
bearing on the array member suitable for that application. The appropriate number of 1/O pads must be
available on the array member to satisfy the application signal requirements. Estimate the number of
power supply pins using the method discussed in Chapter 10.

2.4 Selecting the Master

Select the appropriate master from Tablel.1, based on the estimated number of BCs, the number of
required input and output pins (including power supply pins) and the package to be used.

The actual number of BCs (BCa) which can be used for each device type is estimated using the
following formula from the gross number of BCs (BCg) |oaded on each master (shown in Table 1.1 of
the previous chapter) and the cell utilization ratio (U).

BCa =U x BCg

where U = 0.40 to 0.50 for double layer metal (DLM) or
U =0.70t0 0.88 for triple layer metal (TLM)
U = 0.90to 0.95 for four layer metal (FLM)

NOTE: When aRAM circuit isincluded, this estimate should be made after refering to the following section and after refering to
Chapter 5. Also when acircuit is used by dua power, the estimate should be made after refering to Chapter 11.

10 EPSON GATE ARRAY S1L50000 SERIES
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Chapter 2: Estimating Gate Density and Selecting the Master

2.5 Estimating the BCs That can be Used in Circuits Which
Include RAM

RAM blocks, in comparison to MS| cells, are extremely large and have fixed shapes (defined vertical
and horizontal dimensions). Because of this, some RAM blocks which may appear to fit on the chip
because of cal culations based on the number of BCs may, in actuality, not be placable on a given master.
Thus, thefirst decision isthat of whether or not the RAM configuration is available on a given master.
Please refer to Chapter 5.

Once the masters which can accommodate the RAM have been selected, it becomes possible to estimate
the number of BCs (BCawr) of random logic (excluding RAM) available using the formula bel ow.

BCawr =09 x U x (BCG - BCRAM)

where BCawr is the number of BCs available for random logic
BCg isthetotal BCs available on a mater (raw gates)
BCrawm isthe BC use of RAM(s) (See Chapter 5 for BC calculation)
U isthe utilization ratio.

NOTE: Actual BCsavailable (BCawr) is design dependent.
Use the formula above for estimation purposes only.
Please consult EPSON for design specific information.

GATE ARRAY S1L50000 SERIES EPSON 11
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Chapter 3. Cautions and Notes Regarding Circuit
Design

3.1 Inserting I/O Buffers

All external (or primary) input, output and bi-directional signals must be attached to I/O buffers. Due to
CMOS IC’s extreme vulnerability to electrical static discharge (ESD), protection circuitry has been
incorporated within the 1/0 buffers to ensure device reliability and quality.

3.2 The Use of Differentiating Circuits is Forbidden

The propagation delay (tpd) of internal cellswithin a gate array vary, depending on process variance
during mass production and environment variance during device usage. Differentiating circuits such as
the one shown in Figure 3.1 should be avoided due to difficulties associated with control of the resultant
pulse width relative to variances in propagation delays through each logic element .

Sy -~

Figure 3-1 Example of a Differentiating Circuit

3.3 Wired Logic is Forbidden

Wired logic, available in bipolar devices, is not alowable in the S1L50000 Series, a CM OS technol ogy.
Consequently, cell output pins cannot be wired together, such as shown in Figure 3.2, with the exception
of internal 3-state bus elements.

>O.
1 —

Figure 3-2 Examples of Forbidden Wired Logic

12 EPSON GATE ARRAY S1L50000 SERIES
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3.4 Hazard Countermeasures

In circuits such as decoders and multiplexors which are structured from combinational functions such as
NAND gates or NOR gates, extremely short pulses can be produced by differencesin the gate delay
times. These short pulses are called hazards, and when these hazards propagate to clock, reset or set
pins of sequential elements, malfunctions may occur.

Because of this, it is necessary to use caution when designing circuits which may produce hazards,
creating circuit structures which do not propagate hazards, having decoder circuits with “ enable”
terminals, etc.

3.5 Fan-out Constraints

Cell propagation delay isdetermined, in part, by theload capacitance at the output terminals. When the
load capacitance istoo large, the propagation delay increases, and malfunctions may result. Because of
this, there are limitations on the number of loads which can be connected to the output terminals of each
cell, and these limitations are referred to as “fan-out constraints.”

Theinput terminal capacitance of each gate differs from gate input to gate input. The input capacitance
of each gate input is defined relative to the input capacitance of an inverter (which is defined as being
equal to 1) iscalled the “fan-in.

Circuits should be designed so that the sum of the fan-ins connected to the output terminals of each gate
does not exceed the fan-out constraints of that output terminal.

Also, high speed clock lines (40 MHz or more), should be designed so that the output terminal load of
the associated logic gatesis about half of the fan-out constraints to ensure high performance.

3.6 Bus Circuits

Internal 3-state bus circuits are constructed, using 3-state logic gates. The 3-state logic gates output
terminals can be wired together if at al times one, and only one 3-state logic gateis active at agiven
time (while the remaining 3-state logic gate outputs are put in high impedance state). This circuit allows
multiple signal sources to share agiven net at different time intervals during circuit operation.

GATE ARRAY S1L50000 SERIES EPSON 13
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Chapter 3: Cautions and Notes Regarding Circuit Design

Please keep the following recommendations in mind when bus circuits are used:
Notes Regarding the Use of Bus Circuits:

(1) Bus cells cannot be used except in bus circuits. (Pleaserefer to Table 3.1 regarding S1L.50000
Series bus cells)

(2) When bus cells are used, please attach one (and only one) BLT cell (buslatch) to each 3-state bus
net.

(3) A maximum of 32 bus cells can be attached to a single bus. (Fan-out = 32)

(4) One, and only one, 3-state cell can be active (output terminal driving alogic O state or logic 1
state) at atime. All other 3-state bus cells connected to that net must be inactive (output terminal
in high impedance Z state).

(5) If al 3-state bus cells are inactive (output terminals in high impedance Z state) on a given bus
net, the BLT (buslatch) will maintain the last valid state (either logic 1 state or logic O state). The
BLT function is merely to avoid bus floating, therefore, the processing of internal 3-state bus
latch data must be performed while 3-state bus drivers are active rather than processing data
while BLTs control bus data.

(6) In order to improve testability, design the 3-state bus such that it can be initialized easily and
quickly during device testing. This can be done by utilizing a separate test pin to control the 3-
state bus, or by instantiating default 3-sate bus drivers.

(7) The 3-state cell control terminals must change only once during a single test vector event (cycle)
to allow test vector set usage during 1C device testing.

(8) High speed 3-state bus operation may be inhibited by large fan-out loading on 3-state bus drivers.

Table 3.1 shows atable of the bus cells which can be used in the S1L50000 Series.

Table 3-1 S1L50000 Series Bus Cells

Cell Name
Cell Type - - -
1 Bit 4 Bit 8 Bit
Bus latches BLT 1 BLT 4 BLT 8
Bus drier TSB, TSBP T244H T244
Inverting bus driver TSV, TSVP T240H T240
Transparent latches with reset and . T373H T373
3-state output
D-flip flops with rest and
3-state output T T374H T374
1-bit RAM RM1 — —
14 EPSON GATE ARRAY S1L50000 SERIES
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>0
BLT1 IN1

ﬁTSB
:( YTSB

Figure 3-3 Example of Bus Cell Circuit Structure

NA2

3.7 Schematic Capture Guidelines

Please adhere to the following conventions when designing an ASIC viamanual schematic entry:
» Uselogic cellsfound in “Gate Array S1L50000 Series M S| Cell Library”.
« Use orthogonal (not oblique) connections when wiring logic cells to one ancther.

* Primary uni-directional 1/0 and bi-directional 1/0 signal names must be 2 to 32 charactersin length,
and must begin with an alphabetic character.

3.8 Bus Hold Circuits

In the S1L.50000 Series, 1/0 buffers with an added bus hold function (to maintain the output signal pin
data) have been provided, so that output signal pin (or bi-directional signal pin) does not enter high-
impedance state.

However, to prevent these circuits from affecting normal operation, the latching capability of the bus
hold circuit is weak; thus, the stored data output should not be used asvalid data. This pin state can be
overriden easily by an externally supplied signal.

Moreover, the bus hold circuit is disabled in test mode when the AC and DC recommended test circuitry
described in Chapter 6.5 is used.

Please refer to the S1L.50000 Series electrical characteristicsin Tables 1-6 and 1-7 regarding the output
maintenance current of the bus hold circuit. Figure 3-4 shows examples of structures of the bus hold
circuits.

Input signal

Output signal A Output signal A
Enable E Enable ———(E
TA ° TA Bi-directional

< Output <
for Test TE for Test o—(TE
TS &— TS
TB1HT BC1HT
(a) Output buffer (b) Bi-directional buffer

Figure 3-4 Examples of Structures of Bus Hold Circuits

GATE ARRAY S1L50000 SERIES EPSON 15
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3.9 Clock Tree Synthesis
(1) Overview

Clock Tree Synthesisis a support that automatically inserts the ClockTree into the buffer group that
optimizes the skew and delay time of "ClockLine". If a customer has a program to insert ClockTree
to adjust the Fan-out of "ClockLine", clock skew may be large, so the P & R tool is started and the
placing and routing for designing the gate array are executed voluntarily. Also, the propagation delay
time may be longer than estimated because there are many cases it is difficult to maintain a good
balance between the wire interconnecting load and the intrinsic cell delay. The Clock Tree Synthesis
is used to solve this problem. Refer to the actual resultsto use the Clock Tree Synthesis as follows:

Table 3-2 S1L35000, Number of Gates: 16K

Number of Additional Number of
Net Name L Skew value Delay value
driving cells number of cells stages
netA 4453 187ps 4804ps 104 6

(2) How to Examine the Clock Tree Synthesis

When the clock treeisinserted automatically, the customer must insert the special buffer to the
Clock Linefor the following three purposes.

« Judging the place to insert the Clock Tree Synthesis.

« Estimating the delay time of the Clock Tree inserted and execute the simulation of virtual wire
interconnecting level (pre-simulation).

« Back annotate the delay time of the inserted Clock Tree to accurately estimate the post-simula-
tion.

Select the specia buffer for the Clock Tree Synthesisin the table of special buffers mentioned

later. Then insert the special buffer selected from the table into the Clock Line taking into consideration
the restriction or notes mentioned later and the same placing as the normal cells. Otherwise, if the logic
are designed by HDL, as the specia buffer can not insert automatically the Clock Line, assign directly

the HDL of the content using the script language. Note that another buffer is not combined in the clock
Lineinserted in the specia buffer, and execute the following command:

set_don’t_touch_net net_name

16 EPSON GATE ARRAY S1L50000 SERIES
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[The specia buffer]
Select the specia buffer from the table below corresponding to the estimated number of fan-outs.

S1L9000F, S1L.30000, S1L.50000 Series

Cell Name To Max. (ns) Estimated number of fan-out
CRBF2 2.00 0 to 500
CRBF3 3.00 500 to 3000
CRBF4 4.00 3000 to 10000
CRBF5 5.00 Over 10000
CRBF6 6.00
CRBF7 7.00
CRBF8 8.00

S1L35000 Series

Cell Name To Max. (ns) Estimated number of fan-out
XCRBF2 2.00 0 to 500
XCRBF3 3.00 500 to 3000
XCRBF4 4.00 3000 to 10000
XCRBF5 5.00 Over 10000
XCRBF6 6.00
XCRBF7 7.00
XCRBF8 8.00

Note 1: The value "K" (load delay of fan-out) of these cellsisset "0" at the pre-simulation.
Note 2: The number of fan-outs of these cellsis set to theinfinity.
Note 3: Please consider that the load delay for the number of fan-outsis not accurately and only estimated.

[Restriction and Notes]
» Target series: S1L.9000F, S1L.30000, S1L.35000, S1L.50000
* The specia buffer can not be used for any purpose other than the Clock Tree Synthesis.

* The Clock Tree Synthesis can a so be used for data line and other control signals.
However, when the nets used in the synthesis are increased, the skew and propagation delay aso
became larger. Therefore, the number of nets to be used in the synthesisisless than 10 and the net
which has a critical and large fan-out should be used.

« If anet which has asmall fan-out is used for the Clock Tree Synthesis, the propagation delay and
skew may be larger. The target net with fan-out should be used more than scores.

« Asthere are cases corresponding to the skew adjustment between multiple Clock lines, contact
EPSON for handing in the detail schematic (the clock line configuration is described very clearly) to
be checked.

« For the Clock group separated into multiple Clock Lines with the same Root of Clock by the gates,
contact EPSON to obtain the materials of "Gated Clock Tree Synthesis Explanations'.

GATE ARRAY S1L50000 SERIES EPSON 17
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[Necessary Information from a Customer]

Send the following information until the dataiis rel eased, because the Clock Tree Synthesisis used
efficiently.

Instance name of CRBF* Target skew value Target propagation delay

Note 1: The target values on the table are needed to estimate to use the Synthesis. The target values are not always satisfied.
Note 2: If there is no target values, write the comments for each item in the table.
Example: Assmaller as possible

[Imaging schematic]

The schematic created by a customer and the layout schematic after executing the Clock Tree Synthesis
in EPSON are shown asfollows:

Clock Root CRBE*

Figure 3-5 A customer's schematic

Combining with the Clock Tree Back annotation of propagation delay

\V4

Figure 3-6 Layout schematic after executing the Clock Tree Synthesis in EPSON
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3.10 ATPG (Auto Test Pattern Generation)

(1) Introduction

The so-called “ATPG” means tools to automatically generate test patterns that are released by tool-
producing vendors. The “ TestGen” of the tool executed to “ATPG” supplied by SynopsysInc. is
used in ASIC design at EPSON. By using “TestGen”, the scanning circuit can be inserted to the
original circuit and the test patterns can be generated automatically.

The word “control” described in this chapter is used to specify free level to the target pin without
passing to the sequentia circuit. This*“control” meaning should be noted because it can not be used
for dividing clocks and so on needed in some cyclesto set the state. For example, when using
"control" where a clock of each flip-flop circuit can be controlled externally, the circuit means that
the external input clock (source clock) can reach each flip-flop circuit.

(2) Outline

When the scanning circuit isinserted into the design ruled circuit for “ATPG” support, some faults
are detected in the circuit when using the “ATPG” tool. However, internal nodes are forced to move
from externa pins through the scanning circuit and are observed. Therefore, the test patterns
outputted from the “ATPG” tool can not be used to check the operations of the user’s circuit.

Users need to create the test patternsto check the standard operations of their circuit. The test
patterns outputted from the “ATPG” tool can only be used to reach the level of the fault detecting
rate in the circuit.

When using the “ATPG” tool, the test patterns to get 100% of fault detecting can be generated,
except that nodes can not to be tested and faults can not be tested logically. The “ATPG” method is
adapted to full scanning using “MUXSCAN type FF (Flip-flop)”.

(3) Fault Detecting Definition
The single stuck-at fault mode is used.

SAOQ: stack-at-zero fault (shorted)
SAL: stack-at-one fault (shorted)

The following test pattern circuit is created using TestGen of the ATPG tool.

The circuit set to SAO, SA1 to respective nodes is created to observe detection of faults. In other
words, atest pattern circuit should be created that causes malfunctions when each nodeis set to “0”

or“1".
I E— D S
S-a-1 bF AD2
C XQl-
OR2

>0 D Q

IN1 DF
C XQf—

Figure 3-7 Example of Untestable fault
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(4) Design Flow (1/2)

Seiko Epson

ATPG
Application Note
|
Temporar ATPG | _ Temporary Circuit Block
ngﬂisty Check Sheet/\ Pin Assignment Diagrams

Customer

ATPG Rule Check -

ATPG rule check

Verification
Logical check -
Auklet
Expected Values [ I
) of Input Patters Circuit Data
Schematic Capture| | TP Creation

Y
ATPG

ATPG Rule Check

Pre-Simulation

ATPG Rule Check

Scan Insersion

Fault Detection

Auklet
Verification after ATPG -
Verification of P&R
Fault Detection Rate
P&R
OKOrNG _ > Clock Tree Synthesis
Post-Simulation
Post-Simulation B Post-Simulation
Verification W
= Sign off

Figure 3-8 ATPG flow when designing by Auklet
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(4) Design Flow (2/2)

Customer Seiko Epson

ATPG
Application Note
|
Temporary ATPG | Temporary Circuit Block
Netlist Check Sheet / \ Pin Assignment Diagrams

ATPG Rule Check -

ATPG Rule Check

Verification
Logical check -
HDL Design
Expected Values Circuit Data
RTL Creation | | TP Creation
ATPG Rule Check ¢

ATPG

Logic Synthesis

ATPG Rule Check

Pre-Simulation

Scan Insersion

Fault Detection

Verilog-XL
Netlist )(Circuit Data
Verification after ATPG -
Verification of P&R
Fault Detection Rate
P&R
OK or NG > Clock Tree Synthesis
Post-Simulation
Post-Simulation B Post-Simulation
Verification o Result List
= Signoff

Figure 3-9 ATPG flow when designing by logic synthesis
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(5) Test pattern composition created by ATPG

There are two test patters generated by ATPG, and their modes must be exchanged at the scanning
enableinput pin (SCANEN). The SCANEN pin needs to be used as the dedicated input pin because
it is connected when the circuit is scanned.

* Scanning shift mode
This mode is used when the memory element (scan FF) in the circuit composed for the shift
register isinputted or outputted data.

* Scanning test mode
This mode is used when the data inputted to the memory element on the scanning shift modeis
used to operate on the circuit by the clock input.

(6) 1 / O Pinsfor ATPG

If two pins of SCANEN and ATPGEN are used, the ATPG can execute very efficiently. Asaresult,
the delivery time is shortened and the fault detection rate goes up. The following explanation
describes the pins needed to execute the ATPG.

* Scan Enable Input Terminal (SCANEN)
This pinisused to exchange the scan shift mode with the scan test mode. It is also used when
resetting or setting to FF (Flip Flop) and to fix the bi-directional 1 / O exchange signals while
shifting each FF to scan. This pin must be ready for the dedicated pin because it is definitely
needed to scan FF.

* Test input pin for ATPG (ATPGEN)
This pin is used to make the circuit suitable for ATPG. For example, the asynchronous part of
the circuit should be fixed by using the test input pin and if the clock line cannot be controlled
externally, it can be controlled by using the pin for exchange. If the original circuit is adequate
to the rule of ATPG, the pin is not needed for ATPG and the dedicated pin is used.

* Scan data input pin
This scan datainput pin is used to set the data to the shift register generated by scanning FF. In
case of multi-scan FF, the number of scan datainput pinsisincreased. These pins can be shared
with others. However, they can not be used to share with the control pin to set or reset to the
scan data or the clock and other pinsto scan FF. If the scan datainput pins are used to share
with the bi-directiona pins, they should be designed to be always used for input by utilizing the
ATPGEN pin.

* Scan data output pin
This scan data output pin is used to read the data from the shift register generated by scanning
FF. In case of multi-scan FF, the number of scan data output pinsisincreased. These pins can
be shared with other pins. If the scan data output pins are used to share with bi-directional pins,
they should be designed to be always used for output by considering utilizing the ATPGEN pin.

* Scan clock input pin
This pinisthe clock input pin at the test pattern generated by ATPG. This pin usualy utilizes
the system clock in normal operation.
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(7) Logic circuit design rule for ATPG (DFT)

To operate ATPG, thelogic circuits should be scanned. According to the following rules, the original
circuits that are observed to check very well should be designed. The following contents show a
concrete example, so please contact EPSON Sales division if logic circuit design has difficulty
handling the ATPG design.

» Target series:  S1L.50000, S1L.30000,
S1L9000F, S1X50000

» Only one pinis needed for the dedicated pin used as the scan enable pin (SCANEN).

* Please send thetrial datato EPSON about aweek before sending the formal data. EPSON will
check the trial data of the logic circuit before getting the formal data. The process after
obtaining the formal logic circuit data should be highly efficient and the fault detection rate of
the logic circuit must go up.

» The clock, setting and resetting to the scan dataiin all of FF scanned must be controlled
directly at the externa pin.

O If they cannot be controlled, use the ATPG test pin (ATPGEN) separated from the SCANEN
pin and design the logic circuit so that it can be controlled.

O When the logic circuit is configured to input multiple clocks from the external pin, the
ATPGEN pin should be designed to be operated again in the active state by inputting only
one clock for all FF scanned. However, if thereis only one circuit, please contact EPSON
sales division about the multiple circuitsin this case.

—b o
DF
C XQF
LOGIC
—D Qf—
[cLk '|> DF
IBC 1} C XQr=
CRBF* .
AO24A .
ATPGEN ®> .
IBCD1
Figure 3-10 Example of Clock Line Process
* Itisforbidden to design the circuit used to scan FF at the original circuit.
» Cope with the clock skew of clock nets by using Clock Tree Synthesis.
* Allocate | /O cells at the top of the hierarchical design.
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» Do not use the internal 3-state bus.

0 Theinternal 3-state bus should be composed of the multiplexer and so on. However, if the
circuit design needs an internal 3-state bus by any means, use the ATPGEN pin and the bus
circuit must be designed never to cause a contention. When the circuit is designed by using
the internal 3-state bus, the fault detection rate in the circuit does not always go up. Please
contact EPSON sales division if a high fault detection rate is desired.

4_D_
BLT1

i

I:T TSB
<
-

IBCD1

TSB
ATPGEN [T

Figure 3-11 Process Example of Internal 3-state

When using the macro cells, for example-RAM, ROM, Mega cell and so on, design the circuit
inserted in the scanned FF before or after the | / O ports of the macro cells.

O If circuit design isimpossible, the faults can not often be detected before or after the macro
cells.

Keep away using MSI macro cellsincluded in the Flip flop, for example-T175, A161 and so

on.

0 The MSI cells can not scan. Do not use them if ahigh fault detection rate is desired.

Do not use the asynchronous circuit and a circuit that causes racing at the RS latch,

differentiating circuit and so on.

O If these circuits are used, fix their output by using the ATPGEN pin. Furthermore, asthe
fault detection rate is not always up, do not use the circuit if ahigh fault detection rateis
desired.

Fix the latch cell by using the ATPGEN so that it is always through.

O Asthe fault detection rate is not always up, do not use the circuit if ahigh fault detection
rate is desired.

Design the bi-directional pin to be state of input in the scan shifting mode.

O If the bi-directional pin must be assigned to the scan data input and output pins, fix it to be
state of each condition.
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Figure 3-12 Process Example of bi-directional pins

» Fix the FF so that it is not scanned

O Asthe T-FF, MSI macro cells include the FF, and the output from the FF not to be scanned
causes amalfunction in the ATPG test patterns. Also, fault detection of the circuit often can
not be executed, so if possible they should be fixed by the ATPGEN.

(8) Others

» The number of gates goes up about 15 to 20 % compared to the original circuit, but it depends
on the number of scanned FFs.

» Theworking period for DFT and ATDG depends on the circuit configuration and the scale of
gates. At least three working days are needed for DFT and ATPG at EPSON. (In an unusual
case, about ten working days may be needed depending on the circuit configuration. Please
refer to this book for the circuit configuration before designing it.)

* Please send the papers on “ATPG check sheet” and “External pin information” to EPSON
before sending the logic circuit data. If there are problems with the logic circuit, EPSON may
ask to change the design. Please define the external pins (ATPGEN, SCANEN and so on)
added to scan FFs at the test patterns interfaced to EPSON. Please send the information
required for Clock Tree Synthesis on page 20 at the same time, because when placing cells and
routing interconnections, they are requested to cope with CTS (Clock Tree Synthesis).

GATE ARRAY S1L50000 SERIES EPSON 25
2.5 Voltage Library DESIGN GUIDE



Chapter 3: Cautions and Notes Regarding Circuit Design

(9) ATPG check shest

Never delay sending this sheet aweek before sending the logic circuit data. Please mark “Yes” or “No”
at each item.

1. Which the netlist format (gate level) interfaced to EPSON? Verilog or EDIF
2. Isthe scanned FF used at the original circuit? (Note 1) Yes or No
3. Doyou use macro cells, MSI cellsand interval oscillator cells? Yes or No
4. If you answer “Yes’ to the question above, write the cell name. :
5. Doyou usetheinternal 3-state bus? Yes or No
6. Doesyour logic circuit have RS latch,

differential circuit and asynchronous circuit? Yes or No
7. Doyou uselatch cells? Yes or No
8. Isthereabi-direction pin? Yes or No
9. Arethere clocksthat can not be directly controlled externally? Yes or No

10. Arethere FF, reset and set pins of latch cells

that can not be directly controlled externally? Yes or No
11. If the answers are “Yes” to question Nos.3 to 10, does the

circuit design correspond to the DFT rule? (Note 2) Yes or No
12. Arel/O cells arranged on the top of the hierarchy? Yes or No
13. Do the clocknets cope with skew by CTS? Yes or No

Notel: If you answered “Yes’, please design the logic circuit again, because the circuit can not scan.

Note2: If you answered “No”, please insert the DFT, because the circuit can not scan. Also, if you ask to insert the DFT to
EPSON, please contact EPSON sales division, because circuit information in addition to that on this sheet is required.
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(10) External Terminals

Enter the terminal names corresponding to the pin layout Table.

The specific terminals required vary by circuit configuration. (Be sure to enter all the terminal names

you need.)

* Clock Input Terminal

Terminal name: Operation edge: rise o fall
Terminal name; Operation edge: rise « fal
Terminal name: Operation edge: rise o fall
Terminal name; Operation edge: rise « fal
Terminal name: Operation edge: rise o fall
» Scan Enable Input Terminal (NOE 3) .....ccoirieiriiireeere ettt Yes » No
Terminal name: Active level: High ¢ Low
o ATPG Test INPUE TEIMING .......oeiiiiiiieeiereete ettt ebe s Yes « No
Terminal name: Active level: High ¢ Low
o Clear/Presat INPUE TEMINGIS ..ot Yes » No
Terminal name: Active level: High ¢ Low
o Other ATPG MOdE TEMUNEIS........ceiiiiitiieieieeie ettt Yes » No
a) Termina name:
Contents of control, operating level, etc.
b) Terminal name:
Contents of control, operating level, etc.
¢) Termina name:
Contents of control, operating level, etc.
d) Terminal name:
Contents of control, operating level, etc.
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« Input terminals that cannot be assigned to the scan data input terminal (Note 4)

 Output terminals that cannot be assigned to the scan data output terminal (Note 4)

* Remarks

<Others>
* Number of gates before scan cell insertion (BC):
* Number of sets of D-FF and JK-FF

 Date of trial data submission: ( Month, day, year)

(Trial data: Check sheet, provisional net list, provisional pin layout Table, circuit block diagram)

* Required error detection rate: %

Along with this sheet, please submit circuit blocks and hierarchies (module and instance names) and
information confirming the data path between the clock line and blocks.

(Note 3) If the insertion does not involve the original circuit, please specify the required contents.
(Note 4) If thisisleft unspecified, a selection will be assigned by SEIKO EPSON.
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3.11 Restrictions and Constraints on VHDL/Verilog-HDL Netlist

TheVHDL/Verilog-HDL net list to be interfaced to EPSON shall be a pure gate-level net list (not
containing description of operation). The restrictions and constraintsin developing EPSON ASIC using
VHDL/Verilog HDL are asfollows.

3.11.1 Common Restrictions and Constraints

(1) Names of Externa Terminal (1/0 Terminal)
 Use only upper-case letters.
* Number of characters. 2to 32

* Usable characters : Alphanumeric charactersand "_." Use an aphabetical Ietter at the
head.

» Examples of prohibited character strings :
2INPUT : A digitisat the head.
\2INPUT : "\" isat the head.
InputA  : Lower-caseletters are included.
_INPUTA : "_"isatthehead.
TNA[3:0] : A busisused for the name of the externd terminal.
INA[3] : A busisusadfor the name of the external terminal.

(2) Namesof Internal Terminal (including bus net names)

* Upper-and lower-case | etters can be used in combination, except the following.
Combinations of the same words expressed in upper-and lower-case letters, suchas” RESET "

and" Reset ."
* Number of characters  : 2t0 32
« Usable characters . Alphanumeric characters, " " " [ ] " (Verilog bus blanket), and

" ()_" (VHDL bus blanket) with an alphabetical letter at the head!.

(3) Busdescription is prohibited at the most significant place of the module.

Examples : DATA [0:3], DATA [3], and DATA [2] are prohibited.
DATAOQ, DATA1L, and DATA2 are al alowed.

(4) You can use /O cells of the same library series, but cannot combine those of different series.

(5) Itisnot possible to describe operations in behaviors or in the C language. Such descriptions
existing in the net list are invalid.

(6) Precision of thetime scale of the library of each seriesis 1 ps.

3.11.2 Restrictions and Constraints for Verilog Netlist

(7) Descriptions using the functions "assign” and "tran" are prohibited in the gate-level Verilog net
list.
(8) Descriptions of connection with cell pin names are recommended in the Verilog net list.

Example : Connection with pin names: IN2 inst_1 ((A(inst_2),.X(inst_3)); Recommended
Connection with net names: IN2 inst_1(net1, net2):
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(9)

(10)

11)

(12)

You cannot use the Verilog command "force" as a description of flip-flop operation.(Example:
forcelogic .singa = 0;)

Thetime scale description is added at the head of the gate-level net list generated by the Synopsys
design compiler.

Set it at the value described in the EPSON Verilog library. See (6) for the time scale of each
series.

Example : 'timescale 1ps/1ps

EPSON prohibits combination of a bus single port name and a name that includes"_\ ", such as
the following, in the same module.

input A [Q];

wire\A [0];

The following letter strings are reserved for Verilog, which cannot be used as a user-defined name.

aways, and, assign, begin, buf, bufif0, bufifl, case, design,default, defparam, disable, else, end,
endcase, endfunction, endmodule, endtask, event, for, force, forever, fork, function, highz0,
highzl, if, initial, inout, input, integer, join, large, medium, module, nand, negedge, nor, not,
notif0, notifl, or, output, parameter, posedge, pullO, pulll, reg, release, repeat, scalared, small,
specify, strong0, strongl, supplyO, supplyl, task, time, tri, tri0, tril, trinand, trior, trireg,
vectored, wait, wand, weak0, weakl, while, wire, wor, xor, xnor

3.11.3 Restrictions and Constraints on VHDL Netlist

(13)

(14

(15

In addition to the constraintsin (1), the following letter strings are also prohibited.
INPUTA_  :" "isused at the end.

INPUT__A :"_"isused twice or morein succession.

read : Used in the system.

write : Used in the system.

The following letter strings are reserved for VHDL, which cannot be used as a user-defined name.

abs, access, after, dias, al, and, architecture, array, assert, attribute, begin, block, body,
buffer, bus, case, component, configuration, constant, disconnect, downto, €else, elsif, end,
entity, exit, file, for, function, generate, generic, guarded, if, in, inout, is, label, library,
linkage, loop, map, mod, nand, new, next, nor, not, null, of, on, open, or, others, out,
package, port, procedure, process, range, record, register, rem, report, return, select,
severity, signal, subtype, then, to, transport, type, units, until, use, variable, wait, when,
while, with, xor

To use EPSON tilities and tools, it is necessary to change the VHDL format into the Verilog
format. Therefore, the letter strings reserved for Verilog in (12) are also prohibited.
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Chapter 4: Input/Out Cells Buffers and Their Use

4.1 Types of Input/Output Buffer in the S1L50000 Series

Various I/O buffers types of the S1L50000 Series are available according to the input inter-face level,
schmitt trigger input or not, output drive capacity, use or no use of pull-up and pull-down resistors, and
the pull-up and pull-down resistors. You can select the ones appropriate to your needs. For 1/O buffers,
keep in mind that these are two ways to use, which oneis used for the single power system (2.5V), the
other is used for the dual power system (3.3V/2.5V).

4.1.1 Selecting I/0O Buffer
(1) Selecting the Input Buffer
a) Istherequired interface level aCMOS level or aLVTTL level?

b) Isaschmitt trigger input necessary? (Are hysteresis characteristics necessary?)
¢) Isit necessary to add pull-up/pull-down resistors?

(2) Selecting the Output Buffer
a) How much output current must be driven?(lo / lon)
b) Are noise countermeasures necessary?

¢) Isabus hold circuit necessary?

(3) Selecting Bi-directional Buffer

Select the bi-directional buffer by examining both sets of criteriafor selecting the input buffer and
selecting the output buffer.

* 1/O Interface Level
1) 3.3V system dua power supply

Input level
LVTTL Level, LVTTL Schmitt, PCI*

Output level
LVTTL Level, PCI*

2) 2.5V system dual power supply

Input level
CMOS Level, CMOS Schmit

Output level
CMOS Level

NOTE 1 : When asingle power (2.5V) supply isused, LVTTL level input cannot be used.
* For PCI interface, contact to our sales office.

« Output Drive Capability
See the electrical characteristics (Tables 1-6 to 1-7).

* Pull-up/Pull-down Resistance
Seethe electrical characteristics (Tables 1-6 to 1-7).

Theinput buffer, output buffer, and bi-directional buffer configuration for single power supplies are

expained in detail biginning with Section 4.2. Also, 1/0 buffer configuration for dual power suppliesare
explained in Chapter 11.
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4.2 1/0 Buffer Configurations with a Single Power Supply

When using a single power supply, the power supply voltage (Vpp) can be used only 2.5V.

[/O buffer configurations with a single power supply are explained below.

4.2.1 1/0 Buffer Configurations with a Single Power Supply

4.2.1.1 Input Buffer Configurations with a Single Power Supply

Theinput buffer function is structured of | / O cells only.

Table 4-1 Input Buffer List (Vpp=2.5V)

Cell Name Input Level Function Pull-up/Pull-down Resistance
IBC CMOS Buffer None
IBCPO CMOS Buffer Pull-up resistance (75kQ, 150kQ)
IBCDO CMOS Buffer Pull-down resistance (75kQ, 150kQ)
IBH CMOS Schmitt Buffer None
IBHPO CMOS Schmitt Buffer Pull-up resistance (75kQ, 150kQ)
IBHDO CMOS Schmitt Buffer Pull-down resistance (75kQ, 150kQ)

NOTE: When O valueis1 or 2, the pull-up/pull-down resistance values correspond to 1:75kQ, 2:150kQ respecively.

< IDC, IDH (Input Buffers)

These input buffers are used to input the single 5.0V power supply or single 3.3V power supply and the
functions of them asasimple level shifter in place of the protective diode on the side of Vpp.

Table 4-2 Input Level Shifter (Vpp=2.5V)

Cell Name Input Level Function Pull-up/Pull-down Resistance
IDC CMOS Buffer None
IDCDO CMOS Buffer Pull-down resistance (75kQ, 150kQ)
IDH CMOS Schmitt Buffer None
IDHDO CMOS Schmitt Buffer Pull-down resistance (75kQ, 150kQ)

NOTE: When O valueis1 or 2, the pull-up/pull-down resistance values correspond to 1:75kQ, 2:150kQ respecively.

4.2.1.2 Output Buffer Configurations with a Single Power Supply

See Figure 4.1 for connectivity and reference Table 4-3, 4-4 below regarding the list of output buffers of

S1L.50000.
Output signal A Output signal A
for Test (0— TA Output Enable ———(E
or Tes!
TS TA ——— Output
OB1T for Test | &—(QJTE
o— TS

(a) Normal output buffer

TB1T
(b) 3-state output buffer

Figure 4-1 Examples of Output Buffer Symbols
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Table 4-3 Output Buffers (Vpp=2.5V)

Function loL* / low*™ Cell Name***
0.1mA/-0.1mA OBST
0.5mA/-0.5mA OBMT

Normal output 1ImA/-1mA OB1T
3mA/-3mA oB2T
6mA/-6mA OB3T

Normal output for high speed 6MA/-6mA OB3AT

Normal output for low noise 6mMA/-6mA OB3BT

0.1mA/-0.1mA TBST

0.5mA/-0.5mA TBMT

3-state output 1ImA/-1ImA TB1T
3mA/-3mA TB2T

6mMA/-6mA TB3T

3-state output for high speed 6mA/-6mA TB3AT
3-state output for low noise 6mMA/-6mA TB3BT
0.5mA/-0.5mA TBMHT

3-state output 1ImA/-1ImA TB1HT

(Bus hold circuit) 3mA/-3mA TB2HT
6mMA/-6mA TB3HT

3-state output for high speed :

(Bus hold circuit) EmA/-6mA TB3AHT

3-state output for low noise

(Bus hold circuit) EmA/-6mA TB3BHT

NOTES: * VgL =04V (Vpp =2.5V)
*k VOH = VDD -0.4v (VDD = 2.5V)
*** |n addition to the configurations in Table 4-3, the output buffers may be configured which do not have test
terminals. Customers desiring to use such structures should direct inquiries to EPSON.

* OD System (Output Buffers)

Output signal ——A Output
o— TA 4{
for Test <
®&— TS

OoD1T

Figure 4-2 Example of N Channel Open Drain Buffer Symbol Configuration

Table 4-4 N channel Open Drain Output Buffers (Vpp=2.5V)

Function loL* / lon Cell Name**
1mA oD1T
Normal output 3mA ob2T
6mA OoD3T

NOTES: * VoL =0.4V (Vpp =2.5V)
** |n addition to the configurationsin Table 4-4, N channel open drain output buffers may be configured which do not
have test terminals. Customers desiring to use such structures should direct inquiries to EPSON.
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4.2.1.3 Bi-directional Buffer Configurations with a Single Power Supply
The bi-directional buffers list are shown in the Table 4-5, 4-6.

Input signal

Output signal
Enable —(JE
° TA Bi-directional
for Test | @&—CJTE
&— TS

BC1T

Figure 4-3 Examples of Bi-directional Buffer Symbols

Table 4-5 Bi-directional Buffers (Vpp=2.5V)

Input Level Function loL*/lon™ Cell Name***
0.1mA/-0.1mA BCST
0.5mA/-0.5mA BCMT

Bi-directional output 1mA/-1ImA BC1T
3mA/-3mA BC2T

CMOs 6MA/-6MA BC3T

Bi-directional output for high speed 6mMA/-6mA BC3AT
Bi-directional output for low noise 6MA/-6mA BC3BT
0.1mA/-0.1mA BHST
0.5mA/-0.5mA BHMT
Bi-directional output ImA/-1ImA BH1T
CMOS 3mA/-3mA BH2T
Schmitt 6mMA/-6mA BH3T
Bi-directional output for high speed 6mMA/-6mA BH3AT
Bi-directional output for low noise 6mMA/-6mA BH3BT
0.5mA/-0.5mA BCMHT
Bi-directional output ImA/-1ImA BC1HT
(Bus hold circuit) 3mA/-3mA BC2HT
6mMA/-6mA BC3HT

CMOS R -

Bi-directional output for high speed

(Bus hold circuit) EmA/-6mA BC3AHT

Bi-directional output for low noise

(Bus hold circuit) EmA/-6mA BC3BHT
0.5mA/-0.5mA BHMHT

Bi-directional output 1mA/-1mA BH1HT

(Bus hold circuit) 3mA/-3mA BH2HT

CMOS 6mA/-6mA BH3HT

Schmitt Bi-directional output for high speed :

(Bus hold circuit) BmA/-6mA BHIAHT
Bi-directional output for low noise
(Bus hold circuit) 6mA/-6mA BH3BHT

NOTES: * VoL =0.4V (Vpp =25V)
x* VOH = VDD - 04V (VDD = 2.5V)
*** |n addition to the configurationsin Table 4-5, bi-directional buffers may be configured with pull-up and pull-down
resistances which do not have test terminals. Customers desiring to use such structures should direct inquiries to
EPSON.
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Input signal

Output signal ——— A Bi-directional
Enable ——( E —‘

o—TA
for Test < o—(TE

&— TS

BDC1T
Figure 4-4 N Channel Open Drain Bi-directional Buffer Symbol

Table 4-6 N Channel Open Drain Bi-directional Buffers (Vpp=2.5V)

Input Level Function loL* Cell Name***
1mA BDC1T
CMOS Bi-directional output 3mA BDC2T
6mA BDC3T
1mA BDH1T
(S:xl%?tt Bi-directional output 3mA BDH2T
6mA BDH3T

NOTES: * VoL = 0.4V (Vpp = 2.5V)
** |n addition to the configurationsin Table 4-6, N channel open drain bi-directional buffers may be configured with
pull-down resistances which do not have test terminals.
Customers desiring to use such structures should direct inquiries to EPSON.
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4.3 Oscillation Circuit

4.3.1 Oscillation Circuit Configurations

Oscillation circuits should be configured, as shown in Figure 4-5. Both standard and gated oscillation
circuit configurations are supported as shown.

G X G X
PopdAbe— r—
D . | D
X Oscillation
. A X Oscillation A
LIN [] LOT LIN [] LOT
PADL | PAD PAD - PAD
Inside of IC Inside of IC
Rf Rf
‘ D ‘ Rd ‘ D ‘ Rd
X'tal X'tal
jﬁf Cg ;f Cd 7_777}* Cg ;** Cd
(a) Oscillation circuit without Enable (b) Oscillation circuit with Enable
Figure 4-5 Method of Structuring the Oscillator
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4.3.2 Oscillation Circuit Considerations
(1) Pin Layout

For QFP packages, the rules described below should be followed when placing schematics. For non-
QFP packages, a separate examination is needed, so contact Seiko Epson or its distributor.

Theinputs and outputs of the oscillation circuits should be positioned on adjacent pins, and should
be located between power supply pins (Vpp, Vss). Do not locate high drive output pins near the
input/output pins of the oscillation circuit. Be especialy careful to locate any outputs having the
same phase or the opposite phase of the oscillating wave form as far as possible from the oscillation
circuit input/output pins. Whenever possible, locate the input/output pins of the oscillation circuit
near the center of the edge of the package.

(2) Oscillation Cell Selection Criteria

The frequency at which oscillation is possible is approximately several 10 KHz to mega hertz
(MH2z). For details, please direct inquiries to EPSON.

(3) Selecting the Values for the Resistances and Capacitors to be Attached
The characteristics of oscillation depends on the capacitive and resistive biasing elements (e.g. IC,
X'td, Rf, Rd, Cg, Cd, Board).

Because of this, the capacitive and resistive values must be adjusted, depending on the crystal which
will be used on the actual board. Consequently, the optimal values should be chosen through
spending adequate time eval uating available engineering samples.

(4) Assurance Levels
The characteristics of oscillation depends on the capacitive and resistive biasing elements (e.g. IC,
X'td, Rf, Rd, Cg, Cd, Board).

EPSON is unable to guarantee the function or characteristics of the oscillation. EPSON can
warrantee only the oscillation cell. Because of this, it is necessary for the customer to spend
adequate time evaluating the engineering samples in terms of their oscillation characteristics.

(5) Structuring Oscillation Circuits for Dual Power Supplies

The structure of oscillation circuits for dual power suppliesis essentially no different than the
structure for single power supplies. The oscillation circuit operates on the LV pp system. Moreover,
for input/output cells LIN and LOT, use LLIN and LLOT, which each have the prefix “L” to denote
operation using LVpp.
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4.4 Gated I/O Cells

4.4.1 Overview of Gated I/O Cells

Gated 1/0 cells can use the input of pinsto be floated or Hi-Z state, in other words, without using the
pull up or down resistor that isimpossible as usual. Also, if they are used, the power source of the high
voltage side (HVDD) designed at the multiple power sources circuit can be cut off. There are two types,
oneiscut off at the High level of the control signal and the other at the Low level of the control signal,
so it is selectable depending on the circuit design.

4.4.2 Feature of Gated 1/0O Cell

(1) Thereisno limitation on how many Gated cells are used and arranged, so they can be used to
correspond to need to design alogic circuit.

(2) The power source of the high voltage side (HV pp) designed at the multiple power source can be cut
off.

(3 Theinput can be changed to Hi-Z state without using pull up or pull down resister.

(4) Theinput level corresponds with LVTTL (HVpp/LVpp = 3.3/2.5V), CMOS (HVpp/LVpp = 2.5/
2.5V orVpp = 2.5V) level.

(5) Therearetwo types: oneis off at the High level of the control signal and the other at the Low level
of the control signal.

(6) The gated 1/0 cells are composed by the complete CMOS structure, so they can operate at low
power.

4.4.3 Notes on Using Gated 1/0O Cell

(1) The EPSON standard input level of gated cells can not judge for itslogic circuit composition.
Therefore, if the user needs to know itsinput level, atest circuit should be composed (Refer to
Fig.4-6).

(2) When theinput of pins are set to Hi-Z state by using the Gated 1/0 cells, the cut off of power source
must be operated by using the control of the Gated 1/0 cells before the input of cells set to Hi-Z
state. If thisoperation is not executed and the input of cellsis set to Hi-Z state, large current flowsto
the input cell in the same manner as normal cells and the LS| elements may be destroyed.
Otherwise, when the input cells are set to Hi-Z state and a connecting operation is executed by
using the control of the gated cell, alarge current flows to the input cell in the same manner as for
normal cells and the LS| elements may be destroyed. In this case, EPSON does not guarantee the
logic levelsin theinternal device.

(3) When the power source of high voltage side (HVpp) is cut off by using the Gated /O cells, the
same process as in (2) needs to be carried out. Also, when the process was not carried out, EPSON
does not guarantee the logic levelsin the internal device.
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Table 4-7-1 Gated Input Cell List

2.5 Voltage Library DESIGN GUIDE

i Without Pull Down *1 Pull Up *1
Drain Type Input Level :
Resistor 75kQ 150kQ 75kQ 150kQ
AND IBA IBAD1 IBAD2 IBAP1 IBAP2
Normal CMOS
OR IBO IBOD1 IBOD2 IBOP1 IBOP2
*1: Thevaueat Vpp=2.5V
Table 4-7-2 Gated Input Cell List
- Without Pull Down *1 Pull Up *!
Drain Type Input Level :
Resistor 100kQ 200kQ 100kQ 200kQ
N | LVTTL* AND HIBA HIBAD1 | HIBAD2 | HIBAP1 | HIBAP2
ormal
CMOS*2 OR HIBO HIBOD1 HIBOD2 HIBOP1 HIBOP2
*1: The value at HVpp=3.3V
*2: Thevalue at HVpp=2.5V
Table 4-7-3 Gated Bi-directional Cell List (AND Type)
*1 *1
Inpur Drain Test Output Output Without Pull Down Pull Up
Level Function LEtten | SR | Sl Resistor kQ 0kQ kQ 0kQ
Function (mA)*L 75 15 75 15
-1/1 BAL1T | BA1DIAT | BA1D2T | BA1P1T | BA1P2T
NORMAL | —3/3 BA2T | BA2D1T | BA2D2T | BA2P1T | BA2P2T
—-6/6 BA3T | BA3DIT | BA3D2T | BA3P1T | BA3P2T
Exist | one- —1/1 | BALCT | BALCDIT | BAICD2T | BALCPIT | BAICP2T
exist HIGH
SPEED |~ 3/3 | BA2CT | BA2CDIT | BA2CD2T | BA2CP1T | BA2CP2T
—6/6 | BA3AT | BASADIT | BA3AD2T | BA3APIT | BA3AP2T
LOWNOISE | —6/6 | BASBT | BA3BDIT | BA3BD2T | BA3BPIT | BA3BP2T
CMOS | Normal
-1/1 BA1 BA1D1 | BA1D2 | BA1P1 | BA1P2
NORMAL | —3/3 BA?2 BA2D1 | BA2D2 | BA2P1 | BA2P2
-6/6 BA3 BA3D1 | BA3D2 | BA3P1 | BA3P2
None- | None- —1/1 | BALIC |BAICDL | BALCD2 | BAICPL | BALCP2
exist exist HIGH
SPEED |~ 3/3 | BA2C | BA2CD1 | BA2CD2 | BA2CP1 | BA2CP2
—6/6 | BASA | BA3AD1 | BASAD2 | BA3AP1 | BA3AP?2
LOWNOISE | —6/6 | BA3B | BA3BD1 | BA3BD2 | BA3BP1 | BA3BP2
*1: Thevaueat Vpp=2.5V
GATE ARRAY S1L50000 SERIES EPSON 39



Chapter 4: Input/Out Cells Buffers and Their Use

Table 4-7-4 Gated Bi-directional Cell List (OR Type)

*1 *1
Inpur Drain Test Output Output Without Pull Down Pull Up
Level Type | Function LelEn | Sfpect | e Resistor | 75k | 150kQ | 75kQ | 150kQ
Function (mA)*1

_1/1 | BOLT |BOLDIT | BO1D2T | BOIPLT | BOLP2T
NORMAL | —3/3 | BO2T | BO2DIT | BO2D2T | BOZPLT | BO2P2T
—6/6 | BO3T | BO3DLT | BO3D2T | BO3PLT | BO3P2T
Exist | None- _1/1 | BO1CT | Bo1cDIT | BOLCD2T | BOLCPLT | BOLCP2T
exist HIGH
peep | —3/3 | BO2CT | BOZCDIT | BO2CD2T | BOZCPLT | BO2CP2T
—6/6 | BO3AT | BO3ADLT | BO3AD2T | BOSAPLT | BO3APZT
LOWNOSE | —6/6 | BO3BT | BO3BDIT | BO3BD2T | BO3BPLT | BO3BP2T
—1/1| BO1 |BO1D1|BO1D2]|BO1P1 |BO1P2
NORMAL | —3/3 | BO2 |BO2D1|BO2D2 | BO2P1 | BO2P2
—6/6 | BO3 |BO3D1|BO3D2|BO3P1 | BO3P2
_1/1 | BO1C |BOICDL | BO1CD2 | BOICPL | BO1CP2
—3/3 | BO2C |B02CDL | BO2CD2 | BO2CPL | BO2CP2
—6/6 | BO3A | BO3ADL | BO3AD2 | BO3APL | BO3AP2
LOWNOSE | —6/6 | BO3B | BO3BDL | BO3BD2 | BO3BPL | BO3BP2

CMOS | Normal

None- | None-

SPEED

*1: Thevalue at Vpp=2.5V

Table 4-7-5 Gated Bi-directional Cell List (AND Type)

*1 *1
Inpur Drain Test Output Output Without Pull Down Pull Up
Level Type | Function —— Szl |l Resistor | 100kQ | 200kQ | 100kQ | 200kQ
Function (mA)*1
—2/2 | HBALT | HBALDIT | HBALD2T | HBALP1T | HBALP2T
NORMAL | —6/6 | HBA2T | HBA2D1T | HBA2D2T | HBA2P1T | HBA2P2T
Exist '\g’(?;' —12/12 | HBA3T | HBA3DIT | HBA3DZT | HBA3PLT | HBA3P2T
HIGHSPEED | —12 /12 | HBA3AT | HBA3ADLT | HBA3AD2T | HBA3APIT | HBA3AP2T
LVTTL*1 N | LOWNOISE | —12 /12 | HBA3BT | HBA3BDIT | HBA3BD2T | HBA3BP1T | HBA3BP2T
orma
CMOS*? -2/2 HBA1 | HBA1D1 | HBA1D2 | HBA1P1 | HBA1P2
NORMAL | —6/6 | HBA2 | HBA2D1 | HBA2D2 | HBA2P1 | HBA2P2
None- | None-
. . -12/12 | HBA3 | HBA3D1 | HBA3D2 | HBA3P1 | HBA3P2
exist exist
HIGHSPEED | —12 /12 | HBA3A | HBA3AD1 | HBA3AD2 | HBA3AP1 | HBA3AP2
LOWNOISE | —12 /12 | HBA3B | HBA3BD1 | HBA3BD2 | HBA3BP1 | HBA3BP2

*1: Thevaue at HVpp=3.3V
*2: Thevaue at HVpp=2.5V
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Table 4-7-6 Gated Bi-directional Cell List (OR Type)

*1 *1
Inpur Drain Test Output Output Without Pull Down Pull Up
Level Type | Function Il Resistor | 100kQ | 200kQ | 100kQ | 200kQ
Function (mA)*1
—2/2 | HBOLT | HBO1D1T | HBO1D2T | HBO1P1T | HBO1P2T
NORMAL | —6/6 | HBO2T | HBO2D1T | HBO2D2T | HBO2P1T | HBO2P2T
Exist '\g’:; ~12/12 | HBOT | HBO3DLT | HBO3D2T | HBO3PLT | HBOSPZT
HIGHSPEED | —12 /12 | HBO3AT | HBO3ADIT | HBO3AD2T | HBO3APIT | HBO3AP2T
LVTTL*L N | LOWNOISE | —12 /12 | HBO3BT | HBO3BD1T | HBO3BD2T | HBO3BPIT | HBO3BP2T
ormal

CMOS*2 —-2/2 | HBO1 | HBO1D1 | HBO1D2 | HBO1P1 | HBO1P2
NORMAL | —6/6 | HBO2 | HBO2D1 | HBO2D2 | HBO2P1 | HBO2P2

None- | None-
. . -12/12 | HBO3 | HBO3D1 | HBO3D2 | HBO3P1 | HBO3P2

exist exist
HIGHSPEED | —12 /12 | HBO3A | HBO3AD1 | HBO3AD2 | HBO3AP1 | HBO3AP2
LOWNOISE | —12 /12 | HBO3B | HBO3BD1 | HBO3BD2 | HBO3BP1 | HBO3BP2

*1: Thevalue at HVpp=3.3V
*2: Thevalue at HV pp=2.5V
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Figure 4-6 Example of Test Circuits for 3 State Type Fail-Safe and Gated Cells
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Chapter 5. RAM

The S1L.50000 Series supports 1 port RAM and 2 port RAM.

5.1 Features

(1) 1-Port RAM
* Asynchronous
« Static operation
* 1 read/write address port, 1 input data port, 1 output data port

* RAM configurations supported: Word Depth = 8 to 256 (incremental by 4 words)
Bit Width = 1 to 32 (incremental by 1 bit)

* Maximum size: 8 K bitsymodule (256 words x 32 hits)
(2) 2-Port RAM
* Asynchronous
« Static operation
« 1 read address port, 1 write address port, 1 input data port, 1 output data port

* RAM configurations supported: Word Depth = 8 to 256 (incremental by 4 words)
Bit Width = 1 to 32 (incremental by 1 hit)

» Maximum size: 8 K bitsmodule (256 words x 32 hits)

5.2 RAM Configuration and Simulation Model Selection

RAM delay parameters change depending on the word/bit structure. Six simulation models (three 1-port
RAM models and three 2-port RAM models) have been prepared using performance characteristics
indicative to the RAM word/bit configuration.

The 1-port RAM and 2-port RAM word/bit structure simulation models are shown in Table 5-1 and 5-2
respectively.

For RAM with word/bit structures exceeding the limitations in the tables bel ow, use combinations of
multiple RAMs.

Table 5-1 Simulation Model Selection Chart (1-Port RAM Word/Bit Structure)

Word depth 100 to 132 to 164 to 196 to 228 to
Bit width Jiwe | E9mEh || BEIDED | ooy 160 192 224 256
1t0 16 RAMIP1 | RAMIP3 | RAM1P5 | RAMIP7 | RAMIPY | RAM1P11 | RAMIP13 | RAM1P15

17 to 32 RAM1P2 | RAM1P4 | RAM1P6 | RAM1P8 | RAM1P10 | RAM1P12 | RAM1P14 | RAM1P16

Table 5-2 Simulation Model Selection Chart (2-Port RAM Word/Bit Structure)

Word depth 100 to 132 to 164 to 196 to 228 to
Bit widih Jiez | E9mEh || BEIDEE | ooy 160 192 224 256
11016 RAM2PL | RAM2P3 | RAM2P5 | RAM2P7 | RAM2P9 | RAM2P11 | RAM2P13 | RAM2P15
1710 32 RAM2P2 | RAM2P4 | RAM2P6 | RAM2PS | RAM2P10 | RAM2P12 | RAM2P14 | RAM2P16
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5.3 RAM Size

The X-direction size, Y-direction size, and number of BCs used in the RAM are calculated using the

formulas below. The formulas below include the interconnect region contained in the RAM. Use these

formulas when investigating master selection when RAM isincluded (see Section 2.5).

(1) 1-Port RAM
Sizein the X direction: RX =Word + Bit/2 + 13 (Round up to the nearest whole number)

SizeintheY direction: RY =2 x Bit+ 10
BCram = RX x RY

Number of BCs:

Table 5-3 An Example of the Structure of 1-Port RAM

Word depth

Bit width

4

8

16

32

32

846 (47 x 18)

1274 (49 x 26)

2226 (53 x 42)

4514 (61 x 74)

64

1422 (79 x 18)

2106 (81 x 26)

3570 (85 x 42)

6882 (93 x 74)

128

2574 (143 x 18)

3770 (145 x 26)

6258 (149 x 42)

11618 (157 x 74)

256

4878 (271 x 18)

7098 (273 x 26)

11634 (277 x 42)

21090(285 x 74)

NOTE: The numbers within this chart indicate BCram (RX x RY) which includes interconnect area.

(2) 2-Port RAM
Sizein the X direction: RX =Word + Bit/2 + 13 (Round up to the nearest whole number)
SizeintheY direction: RY =2 x Bit+ 14

Number of BCs: BCram = RX x RY
Table 5-4 An Example of the Structure of 2-Port RAM
Bit width
Word depth 4 E = e
32 1034 (47 x 22) 1470 (49 x 30) 2438 (53 x 46) 4758(61 x 78)
64 1738 (79 x 22) 2430(81 x 30) 3910 (85 x 46) 7254 (93 x 78)
128 3146 (143 x 22) | 4350 (145 x30) | 6854 (149 x 46) | 12246(157 x 78)
256 5962 (271 x 22) | 8190 (273 x 30) | 12742(277 x 46) | 22230(285 x 78)

NOTE: The numbers within this chart indicate BCram (RX x RY), which includes interconnect area.
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5.4 Investigating RAM Placement on Master Slice

When investigating RAM placement on a master dlice, please insure that sufficient areais availablein
both the X direction (column) and theY direction (row). When loading RAM onto a chip, it is necessary
to insure that the capacity of the master exceeds the required RAM area in both the X and Y directions.

When multiple RAMs are used, RAM blocks are placed adjacent to each other either horizontally or
vertically; the decision regarding master slice selection is based simply on RX and RY. Please see Table
1.1 of Chapter 1 regarding the number of columns (X-direction) and number of rows (Y-direction).

For example, if four 256 word x 8 bit 1-port RAMs are required.
Asshown in Figure 5-1, the total RAM layout areawould be:

X direction: 273 BCs
Y direction: 104 BCs (26 x 4)

Because of this,

S1L.50282 is (X, Y) = (319, 90) isimpossible due to area constraints, however,
S1L50752 is (X, Y) = (519, 146) is possible.

See Section 2.5 pertaining to estimating the number of gates, BCawr, Which can be used for random
logic.

1
26 RAM (1)

k) 256W -i_
26 x x4 I::> 104 26 RAM (2)
¥ 8b RAM %

| a |
|< 273 gl

26 RAM (3)

1

26 RAM (4)

v

le »
[ 273 >

Figure 5-1 Example of RAM Layout
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5.5 Explanation of Functions

(1) 1-Port RAM
Table 5-5 1-Port RAM Signals
Signal Name I/0 Function Notes
CS IN Chip select signal, H: RAM active Fl =1LU
RW IN Read/write signal, H: Read, L: Write | FI=1LU
A0, Al ... A(m-1) IN Read/write address port, AO: LSB Fl=1LU
DO, D1 ... D(n-1) IN Data input port, DO: LSB Fl =1LU
. FO =55LU
Y0, Y1..Y(n-1) ouT Data output port, YO: LSB corresponds to K:IN2
Table 5-6 1-Port RAM Truth Table
CS RW A0, Al ... A(m-1) | YO,Y1..Y(n-1) Mode
0 X X Unknown Wait
0 Stable Unknown Write
1 1 Stable Read Data Read
X: “High” or “Low”
 Data Read
The dataisread by holding CS at “High” and RW at “High” and setting the address.
» DataWrite

The data can be written in either of the following two ways:
(1) Holding CS at “High”, setting the address, and sending a negative pulse to RW.
(2) Holding RW at “Low”, setting the address, and sending a positive pulse to CS.
When either method is used, the datais latched to the RAM at the trailing edge of the pulse.
» The Wait State

When CSis“Low”, the 1 port RAM enters await state and only maintainsthe data. The current
consumed by the RAM is merely the leakage current, and is almost zero.

(2) 2-Port RAM
Table 5-7 2-Port RAM Signals
Signal Name 1/0 Function Notes
CS IN Chip select signal, H: RAM active Fl=1LU
RD IN Read signal, H: Read enable FI=1LU
WR IN Write signal, H: Write enable Fl=1LU
RAO, ... RA(mM-1) IN Read address port, RAO: LSB Fl=1LU
WAQO, ... WA(m-1) IN Write address port, WAO: LSB Fl=1LU
DO, D1, ...D(n-1) IN Data input port, DO: LSB Fl=1LU
YO,Y1,...Y(n-1) OUT | Data output port, YO: LSB F(:%;ei%%‘; ds to KIN2
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Table 5-8 2-Port RAM Truth Table

cs RD | WR | gl | wam | vy | Mo
0 X X X X Unknown Wait
1 0 0 X X Unknown Wait
1 0 1 X Stable Unknown Write
1 1 0 Stable X Read Data Read
1 1 1 Stable Stable Read Data RV?/?ictje&
X: “High” or “Low”
Data Read

The dataisread by holding CS a “High” and RD at “High” and setting the read address.

DataWrite

he data can be written in either of the following two ways:

(1) Holding CS at “High”, setting the write address, and sending a positive pulse to WR.
(2) Holding WR at “High”, setting the write address, and sending a positive pulse to CS.

» Data Read/Write

When reading is done at the same time as writing, it is possible by performing the respective
methods simultaneously. However, these two operations cannot be performed simultaneously on the
same address. The read cycle access time applies to data for which the writing has already been

compl eted.

» The Wait State

The 2 port RAM enters await state in either of the situations below, and does nothing but maintain
itsdata. The current consumed by the RAM is merely the leakage current, and is amost 0.

(1) CSis“Low”.

(2) CSis“High”", RD is“Low”, and WR is“Low”".

GATE ARRAY S1L50000 SERIES
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5.6 Delay Parameters
(1) 2.5V Specifications (Vpp = 2.25t0 2.75V ; Ta=-40 to 85°C)

Table 5-9 1-Port RAM Read Cycle (1/4)

) RAM1P1 RAM1P 2 RAM1P 3 RAM1P 4 )
Parameter Signal - - - - Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trc 9.69 — 10.49 — 11.66 — 12.46 —
Address access tacc | — | 969 | — |1049| — |1166| — |12.46
time
CS access time tacs — 9.69 — 10.49 — 11.66 — 12.46
RW access time tarw — 9.69 — 10.49 — 11.66 — 12.46
CS active time trcs 9.69 — 10.49 — 11.66 — 12.46 — ns
Output hold time
after address toH 0.16 — 0.23 — 0.16 — 0.23 —
change
Output hold time
after CS disable tonHcs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after RW disable tourw | 0.16 — 0.23 — 0.16 — 0.23 —
Table 5-9 1-Port RAM Read Cycle (2/4)
i RAM1P 5 RAM1P 6 RAM1P7 RAM1PS8 )
Parameter Signal : : : : Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trc 13.63 — 14.42 — 15.59 — 16.39 —
Addressaccess |y o | _ |1363| — |1442| — |1559| — |16.39
time
CS access time tacs — 13.63 — 14.42 — 15.59 — 16.39
R/W access time tarRwW — 13.63 — 14.42 — 15.59 — 16.39
CS active time trcs | 13.63 — 14.42 — 15.59 — 16.39 — ns
Output hold time
after address ton 0.16 — 0.23 — 0.16 — 0.23 —
change
Output hold time
after CS disable toncs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after R/W disable tonrw | 0.16 — 0.23 — 0.16 — 0.23 —
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Table 5-9 1-Port RAM Read Cycle (3/4)

) RAM1P 9 RAM1P10 RAM1P11 RAM1P12 )
Parameter Signal : : : : Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trRc 17.56 — 18.36 — 19.53 — 20.33 —
Address access time tacc — 17.56 — 18.36 — 19.53 — 20.33
CS access time tacs — 17.56 — 18.36 — 19.53 — 20.33
R/W access time tARwW — 17.56 — 18.36 — 19.53 — 20.33
CS active time trcs | 17.56 — 18.36 — 19.53 — 20.33 — ns
Output hold time
after address change toH 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after CS disable toncs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after R/W disable tonrw | 0.16 — 0.23 — 0.16 — 0.23 —
Table 5-9 1-Port RAM Read Cycle (4/4)
) RAM1P13 RAM1P14 RAM1P15 RAM1P16 )
Parameter Signal - - - - Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trc 21.50 — 22.30 — 23.47 — 24.26 —
Address access time tacc — 21.50 — 22.30 — 23.47 24.26
CS access time tacs — 21.50 — 22.30 — 23.47 24.26
R/W access time tARW — 21.50 — 22.30 — 23.47 24.26
CS active time trcs | 21.50 — 22.30 — 23.47 — 24.26 — ns
Output hold time
after address change | ©H | 016 | — 023} — 1016 ) — 1023 ) —
Output hold time
after CS disable toncs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after R/W disable tonrw | 0.16 — 0.23 — 0.16 — 0.23 —
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Table 5-10 1-Port RAM Write Cycle (1/4)

barameter Signal BAMlPl Ij‘(AMlP 2 I.?AMlP 3 I-?AMlP 4 g
Min. Max. Min. Max. Min. Max. Min. Max.
Write cycle twe 7.33 — 9.71 — 7.47 — 9.85 —
Write pulse width twp 4.16 — 6.54 — 4.22 — 6.60 —
CS active time twes 4.16 — 6.54 — 4.22 — 6.60 —
Address setup time |  tas 1.01 — 1.01 — 1.09 — 1.09 — ns
Address hold time taH 2.16 — 2.16 — 2.16 — 2.16 —
Data setup time tps 0.00 — 0.00 — 0.00 — 0.00 —
Data hold time toH 4.05 — 5.69 — 4.12 — 5.76 —

Table 5-10 1-Port RAM Write Cycle (2/4)

E—— Signal BAMlP 5 I-QAMlP 6 I.?AMlP 7 ITQAMlP 8 it
Min. Max. Min. Max. Min. Max. Min. Max.
Write cycle twe 7.62 — 10.00 — 7.78 — 10.16 —
Write pulse width twp 4.30 — 6.68 — 4.38 — 6.76 —
CS active time twes | 4.30 — 6.68 — 4.38 — 6.76 —
Address setup time tas 1.16 — 1.16 — 1.24 — 1.24 — ns
Address hold time tAH 2.16 — 2.16 — 2.16 — 2.16 —
Data setup time tbs 0.00 — 0.00 — 0.00 — 0.00 —
Data hold time toH 4.19 — 5.84 — 4.26 — 591 —
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Table 5-10 1-Port RAM Write Cycle (3/4)

barameter Signal BAMlPQ F-eAMlPlo I?AMlPll I?AMlPlZ .

Min. Max. Min. Max. Min. Max. Min. Max.

Write cycle twe 7.96 — 10.34 — 8.14 — 10.52 —

Write pulse width twp 4.48 — 6.86 — 4.59 — 6.97 —

CS active time twes | 4.48 — 6.86 — 4.59 — 6.97 —

Address setup time | tas 1.32 — 1.32 — 1.39 — 1.39 — ns

Address hold time taH 2.16 — 2.16 — 2.16 — 2.16 —

Data setup time tps 0.00 — 0.00 — 0.00 — 0.00 —

Data hold time toH 4.33 — 5.98 — 4.40 — 6.05 —
Table 5-10 1-Port RAM Write Cycle (4/4)

E——— Signal F-ZAM1P13 F-QAM1P14 FIQAM1P15 F-\’AM1P16 U

Min. Max. Min. Max. Min. Max. Min. Max.

Write cycle twe 8.33 — 10.71 — 8.54 — 10.92 —

Write pulse width twp 4.70 — 7.08 — 4.83 — 7.21 —

CS active time twes 4.70 — 7.08 — 4.83 — 7.21 —

Address setup time | tas 1.47 — 1.47 — 1.55 — 1.55 — ns

Address hold time taH 2.16 — 2.16 — 2.16 — 2.16 —

Data setup time tbs 0.00 — 0.00 — 0.00 — 0.00 —

Data hold time toH 4.48 — 6.12 — 4.55 — 6.19 —
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Table 5-11 2-Port RAM Read Cycle (1/4)

) RAM 2P1 RAM 2P2 RAM 2P3 RAM 2P4 )
Parameter Signal : : : : Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trRc 9.69 — 10.49 — 11.66 — 12.46 —
Address access time tacc — 9.69 — 10.49 — 11.06 — 12.46
CS access time tacs — 9.69 — 10.49 — 11.06 — 12.46
RW access time taRwW — 9.69 — 10.49 — 11.06 — 12.46
CS active time trcs 9.69 — 10.49 — 11.66 — 12.46 — ns
Output hold time
after address change toH 0.16 - 0.23 - 0.16 - 0.23 -
Output hold time
after CS disable toncs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after RW disable tonrw | 0.16 — 0.23 — 0.16 — 0.23 —
Table 5-11 2-Port RAM Read Cycle (2/4)
) RAM 2P5 RAM 2P6 RAM 2P7 RAM 2P8 )
Parameter Signal - - - - Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trc 13.63 — 14.42 — 15.59 — 16.39 —
Address access time tacc — 13.63 — 14.42 — 15.59 — 16.39
CS access time tacs — 13.63 — 14.42 — 15.59 — 16.39
R/W access time tARW — 13.63 — 14.42 — 15.59 — 16.39
CS active time trcs | 13.63 — 14.42 — 15.59 — 16.39 — ns
Output hold time
after address change toH 0.16 - 0.23 - 0.16 - 0.23 -
Output hold time
after CS disable toncs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after R/W disable tonrw | 0.16 — 0.23 — 0.16 — 0.23 —
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Table 5-11 2-Port RAM Read Cycle (3/4)

) RAM 2P9 RAM 2P10 RAM 2P11 RAM 2P12 )
Parameter Signal : : : : Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trRc 17.56 — 18.36 — 19.53 — 20.33 —
Address access time tacc — 17.56 — 18.36 — 19.53 — 20.33
CS access time tacs — 17.56 — 18.36 — 19.53 — 20.33
R/W access time tARwW — 17.56 — 18.36 — 19.53 — 20.33
CS active time trcs | 17.56 — 18.36 — 19.53 — 20.33 — ns
Output hold time
after address change toH 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after CS disable toncs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after R/W disable tonrw | 0.16 — 0.23 — 0.16 — 0.23 —
Table 5-11 2-Port RAM Read Cycle (4/4)
) RAM 2P13 RAM 2P14 RAM 2P15 RAM 2P16 )
Parameter Signal - - - - Unit
Min. Max. Min. Max. Min. Max. Min. Max.
Read cycle trc 21.50 — 22.30 — 23.47 — 24.26 —
Address access time tacc — 21.50 — 22.30 — 23.47 — 24.26
CS access time tacs — 21.50 — 22.30 — 23.47 — 24.26
R/W access time tARW — 21.50 — 22.30 — 23.47 — 24.26
CS active time trcs | 21.50 — 22.30 — 23.47 — 24.26 — ns
Output hold time
after address change | ©H | 016 | — 023} — 1016 ) — 1023 ) —
Output hold time
after CS disable toncs | 0.16 — 0.23 — 0.16 — 0.23 —
Output hold time
after R/W disable tonrw | 0.16 — 0.23 — 0.16 — 0.23 —
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Table 5-12 2-Port RAM Write Cycle (1/4)

barameter Signal BAM 2P1 BAM 2P2 BAM2P3 BAM2P4 g
Min. Max. Min. Max. Min. Max. Min. Max.
Write cycle twe 7.33 — 9.71 — 7.47 — 9.85 —
Write pulse width twp 4.16 — 6.54 — 4.22 — 6.60 —
CS active time twes 4.16 — 6.54 — 4.22 — 6.60 —
Address setup time |  tas 1.01 — 1.01 — 1.09 — 1.09 — ns
Address hold time taH 2.16 — 2.16 — 2.16 — 2.16 —
Data setup time tps 0.00 — 0.00 — 0.00 — 0.00 —
Data hold time toH 4.05 — 5.69 — 4.12 — 5.76 —
Table 5-12 2-Port RAM Write Cycle (2/4)
E— Signal R,.AM 2P5 R,-AM 2P6 R,-AMZPY R,.AMZPS U
Min. Max. | Min. Max. | Min. Max. | Min. Max.
Write cycle twe 7.62 — 10.00 — 7.78 — 10.16 —
Write pulse width twp 4.30 — 6.68 — 4.38 — 6.76 —
CS active time twes | 4.30 — 6.68 — 4.38 — 6.76 —
Address setup time tas 1.16 — 1.16 — 1.24 — 1.24 — ns
Address hold time tAH 2.16 — 2.16 — 2.16 — 2.16 —
Data setup time tbs 0.00 — 0.00 — 0.00 — 0.00 —
Data hold time toH 4.19 — 5.84 — 4.26 — 591 —
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Table 5-12 2-Port RAM Write Cycle (3/4)

barameter Signal E{AM 2P9 R-AM 2P10 I?AMZPll I?AMZPlZ .
Min. Max. Min. Max. Min. Max. Min. Max.
Write cycle twe 7.96 — 10.34 — 8.14 — 10.52 —
Write pulse width twp 4.48 — 6.86 — 4.59 — 6.97 —
CS active time twes | 4.48 — 6.86 — 4.59 — 6.97 —
Address setup time | tas 1.32 — 1.32 — 1.39 — 1.39 — ns
Address hold time taH 2.16 — 2.16 — 2.16 — 2.16 —
Data setup time tps 0.00 — 0.00 — 0.00 — 0.00 —
Data hold time toH 4.33 — 5.98 — 4.40 — 6.05 —
Table 5-12 2-Port RAM Write Cycle (4/4)
E— Signal R,.AM 2P13 R,-AM 2P14 R,-AM2P15 R,.6\M2P16 it
Min. Max. | Min. Max. | Min. Max. | Min. Max.
Write cycle twe 8.33 — 10.71 — 8.54 — 10.92 —
Write pulse width twp 4.70 — 7.08 — 4.83 — 7.21 —
CS active time twes 4.70 — 7.08 — 4.83 — 7.21 —
Address setup time | tas 1.47 — 1.47 — 1.55 — 1.55 — ns
Address hold time taH 2.16 — 2.16 — 2.16 — 2.16 —
Data setup time tbs 0.00 — 0.00 — 0.00 — 0.00 —
Data hold time toH 4.48 — 6.12 — 4.55 — 6.19 —
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(2) 2.5V Specification (Vpp = 2.25t0 2.75V; Ta=0to 70°C)

Propagation delay parameter of RAM for Vpp = 2.25t0 2.75V and Ta=0to 70°C is calculated by
multiplying the following coefficient for the parameters for Vpp = 2.25t0 2.75V and Ta=-40 to

85°C.
1) 2.5V Specifications (Vpp = 2.25 to 2.75V ; Ta = -40 to 85°C)
Table 5-9 1-Port RAM Read Cycle (1/4)
RAM1P1 RAM1P 2 RAM1P 3 RAM1P 4
Parameter Signal Unit
Min. Max. Min. Max. Min. Max. Min. Max.
e A
Read cycle tre 9.69 — 10.49 — 11.66 — 12.46 —
Each value of Address access time tacc — 9.69 — 10.49 — 11.66 — 12.46
"Min."or"Max." < | cs access time tacs | — | 969 | — [1049| — |1166| — | 1246 >
X 097 RW access time taARW — 9.69 — 10.49 — 11.66 — 12.46
Y CS active time trcs 9.69 — 10.49 — 11.66 — 12.46 — ns | )
- N
Output hold time after
address change ton 0.16 — 0.23 — 0.16 — 0.23 —
Ea(?h value of < | Output hold time | 016 | — o028 | — o1 | — [o023| — >
"Min." x 1.04 after CS disable OHCS : : : :
Output hold time
after RW disable tonrw | 0.16 — 0.23 — 0.16 —_ 0.23 —_
N J
Table 5-10 1-Port RAM Write Cycle (1/4)
RAM1P1 RAM1P 2 RAM1P 3 RAM1P 4
Parameter Signal Unit
Min. Max. Min. Max. Min. Max. Min. Max.
(| write cycle twe | 733 | — |97 | — | 747 | — | 085 | — \
Write pulse width twp 4.16 — 6.54 — 4.22 — 6.60 —
CS active time twes 4.16 — 6.54 — 4.22 — 6.60 —
Each values of
"Min." x 0.97 fuddress setup we | 1o | — |zt | — |00 | — [zoe| — |ns| (
Address hold time tan 2.16 — 2.16 — 2.16 — 2.16 —
Data setup time tps 0.00 — 0.00 — 0.00 — 0.00 —
/
Data hold time toH 4.05 — 5.69 — 4.12 — 5.76 —

Figure 5-2 Example of RAM Delay Parameters Calculation for Vpp = 2.25 to 2.75V and Ta = 0 to 70°C
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5.7 Timing Charts
(1) 1-Port RAM

ADDRESS AL A2 A3
Cs N/ tre
tres tacc tacc
RW ]
; ; g t
tonc: itacs > tou Lorrw >+ AR
Data out AL ) X () X A2 X ) X { a3
Figure 5-3 Read Cycle
ADDRESS j X
e
CS
e
tAS ! 3 4’3—347 tAH
RW \ /
‘ e ton

lpst—> |

Data in >< valid ><

Figure 5-4 Write Cycle (R/W Control)

ADDRESS >< ><

RW

Data in >< valid ><

Figure 5-5 Write Cycle (CS Control)
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(2) 2-Port RAM
ADDRESS Al A2 A3
cs N/ teo
tRCS tACC tACC
RD \_/
tomes **ﬁ ton toHRw*%‘i“* {asu |
Data out Al X X A2 X A3 X @
Figure 5-6 Read Cycle
ADDRESS X ><
~twe————=
cs
I
tas >—— —— luy
WR \
| 4”‘* ton
tpg el |
Datain valid ><
Figure 5-7 Write Cycle (Write Control)
ADDRESS X '
~ twe g
cs Y \
L twes >
tas e = tan
we //// RN\
E —>—<—lpy
tpgie——»
Data in >< valid ><

Figure 5-8 Write Cycle (CS Control)
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5.8 RAM Test Method

When it comesto internal RAM, specialized tests are performed corresponding to the RAM, separate
from the ramdom logic. Please structure test circuits which facilitate direct access to the internal RAM
from external pinsfor this purpose. See Section 6.3 of Chapter 6 regarding the method of structuring the

RAM test circuits.

Also, although EPSON will generate an independent test pattern for the RAM, the customer should
provide test patterns for the remaining random logic, in addition to a RAM test pattern template, as

shown in Section 6.3.1.

5.9 Estimating RAM Current Consumption
The method for estimating the current consumption at Vpp (Typ.) = 2.5V is given below.

(1) 1-Port RAM
At standby (CS=0):

During operation (CS = 1):

(2) 2-Port RAM
At standby (CS = 0):

During operation (CS = 1):

0
0.050 x f

[WA/Bif]
[WA/Bif]

[WA/Bit]
[WA/Bit]

f: MHz
(average access cycles)

f: MHz
(average access cycles)
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5.10 RAM Symbols and How They Are Used

When the 1 port RAM uses a 16 word x 8 hit structure, the use of symbolsisas given in Figure 5.8.
This structure requires 4 address pins and 8 datainput pins. Asisshown in Figure 5.8, any unused
address pins or data input pins should be tied to “Low” beginning with the most significant bits.

Furthermore, if multiple RAMs are used, the circuit shoud be configured by using the same numbers of

symbols as RAMs.
DO AAAAA YO
DI 01234 Y1
D2 Y2
Application Bi Q Application
Circuit Circuit

D5
D6
D7
D8

D15

Y5
Y6
7

RAMIPL  ve

Figure 5-9 Example of the Use of RAM Symbols (RAM1P1: 16 words x 8 Bits)
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Chapter 6: Circuit Design Taking Testability Into
Account

Before agate array is shipped the product istested using an LSl tester. It is necessary to design the
circuit keeping testability in mind to facilitate thistesting. When designing the circuit, the following
points should be carefully considered.

6.1 Considerations Regarding Circuit Initialization

When testing ICs using an L Sl tester, or when verifying circuit functionality using a software simulator,
theinitial state of all sequential element is X (unknown). Consequently, very large test patterns may be
necessary, depending on the circuit structure, to initialize the sequential elements or it may not be
possible to initialize the circuits at all. Because of this, the circuits should be structured to facilitate
easy initialization when they are designed (for example, by using sequential elements which have reset,
set or preset functions).

6.2 Considerations Regarding Compressing the Test Patterns

Asthe gate densities of circuitsincrease, thereis atendency for test patterns to become larger as well.
However, one must understand that there are constraints, such as shown below, to the LS| device tests.

Number of events per test pattern: 256K eventsor less
Number of test patterns: 30 test patterns or less
Total number of test pattern events: 1M eventsor less

These event and test pattern constraints include the test patterns for test patterns for leakage testing, test
patterns for test circuits, and it includes the test pattern for ROM and megabyte- cell prepared by
EPSON. Contact our sales office for the number of test patterns for ROM and megabyte cells. Although
the RAM test patterns prepared by a customer are restricted, there is no restriction on the full test
pattern prepared by EPSON.

When designing, please structure circuitsin such away asto increase the testability of the circuit (and
to allow the compression of the test patterns), using methods such asincluding test pinswhich alow the
input of clocks between the counter stages and adding test pins by which to monitor internal signals.

6.3 RAM Test Circuit

When aRAM isused it isnecessary to test all bits before shipping the product. RAM terminals must be
accessibleviaprimary 1/0 pins. RAM test circuitry can be implemented, which multiplexes existing pin
functionality with direct RAM access functionality so as to avoid increasing the designs pin count.

Also, when multiple RAMs are used, we recommend that each RAM’s pins be accessible viaunique I/0O
pins. However, when the number of external 1/0 pinsisinadequate, each RAM’s pins may share
common external 1/0 pins. Please insure that while in RAM test mode, all RAM CS pins can be held
“Low” simultaneously to facilitate quiescent current meas urement.

Figure 6-1 is an example of atest circuit for two word x 2 bit RAMs. When thetest pin “TEST” is
“Low”, then normal functioning is performed. However, when the test pin “TEST” is“High”, then the
external pinsICS, IRW, IDO, ID1, and IAQ can write data directly to the RAM, and at the same time the
RAM outputs can be read from the externa pinsAYO0 and AY 1.

Although it is possible to share the RAM pins with bi-directional pins or 3-state output pins, it is
necessary to tie the bi-directional pinsto either an input or an output state during RAM test. However,
please do not share abi-directional buffer with a pull-up resistor with the RAM output, and do not share
ainput buffer with a pull-up with the RAM CS pin, because doing so would make it impossible to
measure the quiescent current.
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When multiple RAMs are used, all RAM CS pins can be held “Low” simultaneously to facilitate

quiecent current measurement.

TRWL

iCST

TRWZ

IBC

!

1BC

1BC

iCST

1BC

TEST

1BC

Customer's circuit

AG24A
[

AG24A

120

AG24A

AOZ4A

AG24A D2 Y2 —
D3 Y3
115 D4 va —
D5 Y5 [
D6 Y6 [
D7 Y7 [
AOZ4A D8 v8 [
D9 Yo —
D10 yio—
D11 yi—
D12 viz—
D13 yi—
D14 via—
D15 Yis—
bie RAM1P16 Vo
D17 i
D18 Yig—
D19 Yig—
D20 Y20
D21 y2i—
D22 Y22
D23 Y23
D24 Y2a—
D25 Y25
D26 Y26
D27 Y27
D28 v28—
D29 Y29 —
D30 Y30 —
D3; y3i—

|21 PR

L EREPEEEE S

Do Yo

D1 Y1 ——p
D2 Y2 —
D3 ¥3 —
D4 Y4 —
D5 Y5 —
D6 Y6 —
D7 Y7 —
D8 ¥8 —
D9 Yo [—
D10 Yio|—
D11 yif—
D12 Yi2l—
D13 Yi3—
D14 yia—
D15 Yis—
bie RAM1P16 yiel
D17 Yi7—
D18 vig—s
D19 Yig—
D20 Y20—
D21 va1—
D22 Y221 —
D23 vo3—
D24 Ya4—
D25 Yo5—
D26 Y26 —
D27 Y27 —
D28 Y28—
_ D29 Y291—
D30 Y30[—
D3; Y31—
@

—%D*—* 7
TA AY1
aoza LT s

110

% BD A
A BYO
AG24A M1 rs

6.3.1 RAM Test Patterns

Figure 6-1 Example of a RAM Test Circuit

After incorporating RAM test circuitry, it is necessary to make test patterns for both the normal
operating state and the test state of the chip. Checks are performed in the normal state to verify the
connection with the user circuits, and are performed to insure that the test circuit is correct in the test
state. Also, we request atest pattern to serve as atemplate when EPSON generates the RAM test
pattern. See Figure 6-2 and 6-3 for an outline of how to generate thistest pattern.
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This pattern serves as atemplate for 1-port RAM tests.

< Example of APF Format >

$RATE

200000

$STROBE 185000
$RESOLUTI ON 0. 001ns

$NODE
I NPA | 0 Please provide al 1/O pins used in performing
:NE(B: : 8 ‘/ simulation.
| NPD | 0 Reference the timing chart below to set timing.
I NPE I 0
I NPF | 0
I NPG I 0
| NPH N 20000 120000
I NPI | 0
TESTEN | 0 )
. Itis useful to place comments here.
88?3 8 When a sequence is necessary to set the test
oUTC 0 mode, input the pattern here.
OUTD 0
‘ [1] Accessthe lowest address, amiddle address and
$ ENDNODE the highest afidress
[2] Structure asingle access from 3 events (test
$PATTERN cycles). Inthefirst event, set the dataand the
# AAADDDDRC YYYY address. in the next event, perform awrite. In the
ﬁ 0120123Ws 0123 third event, perform aread.
0 0001010101, . XXXX_ [3] UsemR;wweforrntodmnbetheR\Nggndso
1 0001010N11. . XXXX. . thet thewrite operation can be completedina
2 0001010111.. HLHL. . sgnd evert.
3 1011111101. . XXXX. . [4] Change the data to be written for each
4 1011111N11. . XXXX. . address tested.
5 1011111111. . HHHH. . .
6 1110101101, . XXXX. . [5] Verify that thereﬂjltsarethes_arneese(pected
7 1110101N11. . XXXX. . form the results of the smulations.
8 1110101111. . LHLH..
Timing Chart
(1) Setup (2) Write (3) Read (2) Write (2) Write
cs ]
AR:0] ) \ _
D@0 ) 3
Y[3:0] | &
Strobe ﬂ ﬂ / ﬂ ﬂ H
Expect X X (Read Data) X

k The tester may perform repetitive write operations with the

timing shown in the timing chart on the right. The timing of

the WR signal should take this into account.

Figure 6-2 Generating 1-port RAM Test Pattern
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This pattern serves as atemplate for 2-port RAM tests.

< Example of APF Formet >

$

RATE 200000
$STROBE 185000
$RESOLUTI ON 0. 001ns

$NODE
I NPA I 0 Please provide all 1/0 pins used in performin
| NPB I 0 / simulat?on P P ;
I NPC | 0 A I _
| NPD I 0 Reference the timing chart below to set timing.
I NPE | 0
| NPF | 0
I NPG | 0
| NPH | 0
I NPI | 0
I NPJ | 0
I NPK | 0
I NPL N 20000 120000
| NPM | 0 ;
TESTEN | 0 It is useful to place comments here.
OUTA 0 When a sequence is necessary to set the test
ouTB 0 mode, input the pattern here.
OuTC 0
OouTD 0 .
. [1] Accessthe lowest address, amiddle address and
. the highest address.
$ENDNODE [2] Structure asingle access from 3 events (test
PATTERN cycles). Inthefirst event, set the dataand the
ﬁ RRRWAW address. in the next event, perform awrite. In the
# AAAAAADDDDRWC. . YYYY. . third event, perform aread.
z 0120120123DRS. . 0123. . [3] Usean RZ waveform to destribethe RW signdl so
0  00000010100001. XXXX. - thet thewrite operation can be completedina
1 00000010100P11. XXXX. . signd event. )
2 00000010101011. HLHL. . [4] Change the data to be written for each
3 10110111110001. XXXX. . address tested.
4 10110111110P11. XXXX. . [5] Verify that the results are the same as expected
5 10110111111011. HHHH. . form the results of the simulations.
6 11111101010001. XXXX. . i o ,
7  11111101010P11. XXXX. . [6] Set &l bits of datato "1 when reading.
8 11111101011011. LHLH. . However, if the write data consists entirely of
logic 1 bits, all bits of data should be set to 0
Timing Chart when read out.
i, (1) Setup i (2) Write i (3) Read ! ! (2) Write ! (2) Write '
N AN AN 7 ' : i
cs ! ‘ ‘ ‘ 3
e | | i X X -
wrizio X s s X X X
pE:0l _ A X X X X:
i i e ] i i i
RD ‘ ‘ i ‘ ‘ ‘ i
w i ‘ 1 1 =d L
Y[3:0] i 1 X : T T ;
Strobeﬂ1 ﬂ\\ ﬂl ﬂl 1 ﬂl \ ﬂ;
Expect i X i \ X i (Read Data) i X i ;
The tester may perform repetitive write operations with the
timing shown in the timing chart on the right. The timing of th
WR signal should take this into account.
Figure 6-3 Generating 2-port RAM Test Pattern
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6.4 Function Cell Test Circuits

When function cells are used, then testing the operation of al circuits (including the user circuits)
requires avast number of test patterns and a great amount of time. It is because of thisthat it is
necessary to design test circuits able to verify the operation of each independent functional cell and user
circuit, as was done with the RAM blocks. When designing the test circuits, please keep the following
cautions and considerations in mind. For more details, contact EPSON.

6.4.1 Test Circuit Structures

(1) Provide test circuitry which facilitates direct access to all pins of each functional cell vial/O pins.
Add atest circuit (connected to aterminal) which isolates each functional cell from the surrounding
circuits.

(2) Even when functional cell input pins are fixed to Vss or Vpp, design test circuitry which insures
accessto al functional cell pins.

(3) Even when functional cell output pins are not used, design test circuitry which insures accessto all
functional cell pins.

(4) Each functional cell pin must be connected to a unique 1/0 pin.
(5) Do not use sequential elementsin the test circuitry for functional cells.

(6) Do not invert the input signal from the test input terminal and input it into the functional cell.
Similarly, do not invert the functional cell output signal and output it to the test output terminal.

(7) Thereis no need to design atest circuit when the functional cell input pins and output pins are
directly connected to the I/O pins.

(8) Do not use an input cell with pull-up or abi-directional cell with pull-up as the test mode switch pin
(although a bi-directional cell with pull-down may be used).

6.4.2 Test Patterns
The test patterns can be categorized into the following three types:

1) Test patternsto test only the user’s circuit.
2) Test patterns to test all circuits.
3) Test patterns to test the functional cells only.

Test patterns that the customers generateare of type 1 and 2. Customers are not required to generate test
patterns of type 3. EPSON maintains test patterns to be used for type 3. Please be advised that EPSON
will not disclose information pertaining to the functional cell test patterns.

6.4.3 Test Circuit Data
Please provide the following information regarding functional test circuitry. Thisinformation is
required for functional cell testing during simulation and 1C device testing.
(1) Please clearly define the 1/0 pin to functional cell pin connectivity while in test mode.

(2) When the test circuits are structured in such away that asingle test terminal is able to test multiple
functional cells, please clearly define the names of the functional cellswhich can be selected and the
type of the test modes, and their relationships.

(3) Please clearly define pass numbers on the names of the functional cells on the drawings, and clearly
define the test terminals and their association with functional cells, especially when identical
functional cells are used more than once.

(4) Please clearly define the method of switching into test mode.

Please keep in mind to contact to our sales office when using functional cells and refer to “ Functional
Cells Design Guide’.
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6.5 Test Circuit Which Simplifies AC and DC Testing

Test Circuit Structure

The S1L.50000 Series requires the construction of test circuits so that DC testing and AC testing can be

done efficiently.

If the customer experiences difficulties while implementing test circuitry, then the customer should

contact EPSON.

Figure 6-4 shows specific examples of test circuits. This figure should be referenced when designing
test circuits. Recommended test circuit control and monitor pin configurations are shown below.

(1) Test Circuit Control and Monitor Pins

Please add or select the following 4 types of test pins.
1 pin (test enable signal:three pin [TSTEN,INPO,INP2] if

* Dedicated input pin for testing:

* Test mode select input pin:

» Monitor output pin for AC testing:

« Monitor output pin for DC testing:

itispossible)

3 pins (can be functionally shared with input pins of

application)

1 pin (can be functionally shared with output pin of

application)

1 pin (can be functionally shared with output pin of

application)

Table 6-1 Test Terminal Constraints

. Number of | Name of Pins .
Test Pin Type Pins (See Fig. 6.4) Constraints, Notes, Etc.
Dedicated input pin
Test Enable Pin 1 Pin TSTEN Use ITSTL1.
H: Test mode L: Normal mode
INPO May be shared with existing input pin. Do
Test Mode Pins 3 Pins INP1 not share with an input pin associated
INP2 with a critical path.
. . May be shared with existing 1/0 buffers.
!(\ggggor output pin for AC 1Pin OouT3 Do not share with an N-channel open-
9 drain cell.
. . May be shared with existing 1/0 buffers.
mg{?;‘tor output pin for DC 1Pin OouUT4 Do not share with an N-channel open-
9 drain cell.
All output and bi- .
directional pins — — Uses /O buffers with test mode select .

(2) DC Test

Measurements are performed to insure that all input and output pins adhere to DC characteristic
specifications. When test circuitry is not implemented, it is necessary for the customer to generate
test patterns by which the DC characteristics can be measured. The amount of work in generating
the test patterns may increase dramatically when there are no test circuits.

The task of generating test patterns and measuring the DC chracteristics is ssimplified by using test

circuits.
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(3) AC Testing

AC testing is a pin-to-pin (i.e. input pin to output pin) delay measurement. If device testing is not
performed at actual operating frequency, device performance is assured through delay
measurements along specific paths.

Also, the AC test monitor output pin is used to evaluate the variance between lotsin the
manufacturing process by measuring a defined AC path (cell name: ACP1). (When test circuits are
used, be sureto insert cell ACP1 when designing the AC path test circuit.)

(4) Adding the Test Mode Control Circuit

The following items (a through ) pertain to test circuit implementation. Please refer to the test
circuit examples of Figure 6-4.

a. Select 4 test input pinsand 2 output pins

« Dedicated input pin for testing: 1pin (test enable signal:three pin
[TSTEN,INPO,INP2] if itis possible.)

« Test mode select input pin: 3 pins (if there are three dedicated input pins, only
(Shared input pins) ashared input pinisused.)

» Monitor output pin for AC testing: 1pin
(Shared output pins)

« Monitor output pin for DC testing: 1pin
(Shared output pins)

b. The dedicated input pin for test enable/disable (TSTEN) must use cell ITSTL. If three pinsfor
testing can be selected, do not use ITST1 to the second and third input cells. In this case, the
second and third dedicated input pins correspond to INPO, INP2.

¢. The dedicated or shared input pins for test mode selection (INPO, INP1 and INP2) can use any
input buffer cell type. Avoid sharing these test inputs with critical path input pins of the
application.

d. The dedicated or shared output pins for AC monitoring (OUT3 and OUT4) can use any uni-
directional output buffer type (except 3-state type). Avoid sharing these test outputs with critical
path output pins of the application.

e. All I/O buffersfor output and bi-directional pin configurations must have test mode functionality.
f. Please utilize the test mode control circuit (TCIR).

0. The primary test enable/disable signal (output pin ‘IN’ of cell ITST1) should be connected to the
‘TST" and ‘VTI" input pins of functional block TCIR. When this signal is enabled (set to logic
“High”), the test mode control circuitry (block TCIR) becomes functional and facili tates AC and
quiescent current testing.

h. Three dedicated shared input signals (output pins of uni-directional input buffer cells) tatesAC
and quiescent current testing.
A first dedicated/shared input signal (INPO in Figure 6-4) should be connected to input pin ‘ 1PO’
of functional block TCIR. This signal will control the mode of all bi-directional 1/0O cells which
utilize pre-drivers with test functionality. When ‘I PO’ is state ‘High' and ‘IP2’ is state ‘High' , all
bi-directional 1/0 will be placed in input mode, and all 3-state outputs will be in high-impedance
state. When ‘PO’ is state ‘Low’, all bi-directional and 3-state I/O will be in output mode.
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A second dedicated/shared input signal (INP1 in Figure 6.4) should be connected to input pin
‘IP1" of functional block TCIR. Thissignal controls output data while in test mode. The data
which appears at pin ‘IP1" will be passed to all output and bi-directional 1/0 cellswhen ‘1P2" is
State ‘L.

A third dedicated/shared input signal (INP2 in Figure 6.4) should be connected to input signal pin
‘IP2" of functional block TCIR. Thissignal controls all output and bi-directional signals
excluding the AC monitor output pin during AC testing. When input signal ‘IP2’ is state ‘H’ and
all outputs remain in stable state ‘H’ so as to minimize switching noise during AC testing.

i. The following describes the recommended connections for the output pins of the test circuit
functional block TCIR.

The TCIR output pin ‘ACO’ is used for AC characterization testing. This output of TCIR must be
connected to one and only one ‘ TA' input pin of a user selected I/O buffers (OUT3), whichis
connected to a uni-directional output driver (not 3-state).

The TCIR output pin ‘TS’ isthe test mode control signal. This output is used to put all 1/0 buffers
connected to output and bi-directional 1/0’s into test mode. When ‘TS is state ‘H’, al 1/O buffers
arein test mode

The TCIR output pin ‘ TA’ isthe test mode control signal. This output is used to put all 1/0 buffers
‘TA’ input pin for the test pins (OUT3, OUTA4).

The TCIR output pin ‘TE’ is used for test mode bi-directional enable (or control). This output is
connected to all 3-state and bi-directional 1/0O buffers‘ TE' input pin. when ‘TE' isstate ‘L', all 3-
state (OUT2) and bi-directional drivers (BID1) are placed in output mode.

The TCIR output pin ‘VTO’ isused for DC characterization testing. The output of TCIR must be
connected to ‘ TA' input pin of a user selected 1/0 buffers (OUT4).

j- Fan-out violations which may occur on TCIR 1/O buffers‘TA’, ‘TE' and ‘TS’ can be ignored.

(5) Setting the Test Mode (Please refer to Figure 6.4)

a DC Test

* Quiescent Current Measurement Mode
TSTEN ... High
INPO ...Low
NP1 ... Highor Low
INP2 ...Low

« Output Characteristics (Von/VoL) Measurement Mode
TSTEN ... High
INPO ... High
INP1 R ngh for Von test and Low for Vo test
INP2 ... This controls the bi-directional pin mode
High ... Hi-Z (input) mode*
Low ... Output mode

* Can be used as bi-directional off-state |eakage current measurement mode.
* Input Logic Level Mode

TSTEN ... High
INPO ... High
INP1 ... Highor Low
INP2 ... High
Measurement pin ... Input of High or Low
ouT4 .. .Output of High or Low
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* Dedicated AC Path Measurement Mode

TSTEN ... High

INPO ...Low

INP1 ... Input of High or Low
ouT3 ... Outpout of High or Low
INP2 ... High

Generating the Test Pattern

It is necessary for the customer to design test patterns at the same time that the customer designs the test
circuits so that the DC testing and the AC testing can be performed in an efficient manner.

Figure 6-5 shows a specific example of the test pattern related to the test circuitsin Figure 6.4. The
following should be kept in mind when generating the test patterns:

a. Please generate atest pattern to exercise test circuitry separate from standard application
functional test patterns. The test patterns on the checking mode at the level of input logic circuits
can only be created by EPSON.

b. Test circuit test patterns must specify all input, output and bi-directional 1/0 signals.

c. Please insure that the dedicated test enable pin (i.e. TESTEN in Figure 6.4) is present and set to
state “0" in the standard application functional test patterns.

d. When theinput level (TSTEN) of test terminal is set to “1” all pull-up resistance are non-active
(off).
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Notes on the test circuit

When the dedicated input pin for test is only one, input logic levels assigned for INPO and INP2 of test
mode selectable pins can not be measured on the condition of testing input logic level testing mode.

A
TA ouT1 »
Ts
0B1T
N> > A
IE\SC/ E
TA ouT2 »
QTE
TS
TB1T
_— {> Application
IBC . . A
I~ Circuit E —
INPL TA ¢
[INPT > > 16
I8C Ts
BC1T
INP2_> N
TA ouT3 )
TS
OB1T
A
TA
TS
OB1T
TCIR
PO TD|
1P1 TE
P2 T
TSTEN > 3 {>i TST  ACO
| ul VTO
ITST1 12

<Test mode control circuit “TCIR">

19
BUF1
11 |2
[PL>—>
02
|5
A2
|3
1_10 )
P2 > >
BUF1 02 I_4
A2
17 L6
o > > > >0
TST ACP1
NA2
1
VI D> VTO
BUF1

Figure 6-4 Example of Test Circuit
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< Example of APF Format >
* EXAMPLE of Test Pattern for AC & DC Test

$DESI GN  ram deno

$RATE 200000

$STROBE 185000

$RESCLUTI ON 0. 001ns

$I OCONT

AA08. E EO BID1

$ENDI OCONT

$NCDE

TSTEN I 0

1 NPO I 0

I NP1 I 0

1 NP2 I 0

I'N I 0

Bl D1 BU 0

QuTl 0

QuT2 0

QuT3 0

auT4 0

$ENDNCDE

$PATTERN

# TI 111 BOOOO

# SNNNNI UUUU

# TPPP DTTTT

# E012 11234

# N

#

# 1'1111B0OO0O

# U

#
0 0000. . LXXXX Measurement Process
1 1000. . LXXXX ; Pull-up/down off ] Statip current consumption
2 1001..HHHLX ; AC path (L), other output all High U Dedicated AC path
3 1011.. HHHHX ; AC path (H), other output all High o 4
4 1001.. HHHLX ; AC path (L), other output all High O
5 1101. . OHZLX ; Off state except normal output (Low input) [ Off state leak curgent
6 1111. . 1HZHX ; Off state except normal output (High input) O
7 1100..LLLLX ; Output all Low 0 Output characteristics
8  1110.. HHHHX ; Output all High 0 P

$ENDPATTERN

#

# EOF

note)

.is 1 or 0 input

Figure 6-5 Example of the generation of a test pattern when there is a test option
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Chapter 7. Propagation Delay and Timing

Propagation delay time is determined by the intrinsic cell delay and by the per-load delay, whichisa
function of the wire interconnect and fan-in capacitances.

Delay times vary depending upon power supply voltage, ambient temperature, and process conditions.
They also vary depending on factorsinvolved in the structure of the circuit, input waveform, input logic
level, and the mirror effect.

Post Simulation uses more acculate environment. At the development of S1L.50000 series cells, the
support tools can be used to calculate highly accurate delay timesin the several cases that happened to
change. Therefore, the delay time values cal culated by the formula described later are different from the
values listed at the “Gate Array S1L50000 Series M S| Cell Library”.

7.1 Notes on the relationship between Ta and Tj

The propagation delay of C-MOS IC isbasically changed by Tj (i.e. temperature at junctions). ThelC is
specified by Ta. However, the relation between Tj and Tais not constant, but changes with thermal
resistance and power consumption. (Refer to chapter 9. 2 for detail.)

In ASIC design, each package and |C power consumption is changed by a circuit and an application.
Therefore, it is very difficult to specify according to Ta. Then, in the S1L.50000 series, propagation
delay libraries are ready for checking at initial design under the following conditions:

* Tj =0to 85°C library using for Ta= 0to 70°C
* Tj =-40to 125°C library using for Ta=-40to 85°C

When the relation between Taand Tj is very different from the normal values by estimating the package
and application, the Tj=-40 to 125°C library can be used for Ta=0 to 70°C or other conditions should be
considered if necessary.

7.2 Simple Delay Models

Simple propagation delay time tpq can be calculated using the following formula:

toa=To+ K x (3 Load A + Load B)

where, To: Intrinsic cell delay [ps]
K: Load delay coefficient [ps/Lu]
Load A: Theinput load capacitance due to fan-in [Lu]
Load B: Theinterconnect load capacitance [Lu]

Note: Thevaluesfor Tg and K differ depending upon the operating voltage, the ambient temperature, and the process conditions.
Use the values provided in the “ Gate Array S1L50000 Series MS| Cell Library.” The unit “LU” stands for loading unit,
which is equivalent to one “IN1” input fan-in.

Typ. valuesfor Tp and K (Vpp = nominal value, Ta= 25°C, and process = nominal value) are found in

the “Gate Array S1L.50000 Series MSI Cell Library”. Select Typ. valuesfor To and K according to the

target power supply voltage.

The Min. value for To and K (whereVpp isthe Max. value, Ta= Min. value and process = fast) and the
Max. value for To and K (whereVpp = Min. value, Ta= Max. value, and process = slow) are calculated
by multiplying the Typ. value, described above, by the delay coefficient M. (These Min. and Max.
values are required to verify ASIC operation over commercia and industrial variancesin supply
voltage, ambient temperature and process.)

The delay coefficient M can be calculated using the following formula:
M =My x Mt x Mp
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where, My: Delay Multiplier due to voltage variation
M. Delay Multiplier due to temperature variation
Mp: Delay Multiplier due to process variation

Although values for My and M+ can be obtained by reading them off of the characteristic graphsin the
“Gate Array S1L.50000 Series M SI Cell Library,” please use the duration delay coefficient vaues M,
givenin Table 7.1. Also, please direct inquiries to the EPSON regarding ASIC operation outside of the
limits shown in Table 7-1.

Note 1:The delay for the pre-driver with level shifter cannot be calculated by merely multiplying a coefficient as shown above.

Pre-calculated Min. values and Max. values are listed in the “ Gate Array S1L.50000 Series M S| Cell Library” aong with
the Typ. values. Please see“11.4 Delay Calculations for Dual Power Supplies.”

Table 7-1 Delay Coefficient M
(Used for All Cells Excluding Pre-driver with Level Shifter)

M Value
Conditions Usage

M min. | M typ. M max.
Power supply voltage: 3.3V + 0.3V, 0.60 | 1.00 1.60
Ta: 0 to 70°C*1 (0.65) | (1.00) | (1.51) | use after multiplying the Typ. values
Power supply voltage: 3.3V +0.3V; | 058 | 1.00 | 1.67 |©f ToandKfor Vpp =3.3V
Ta: -40 to 85°C*2 (0.62) | (1.00) | (1.57)
Power supply voltage: 2.5V + 0.25V; | 0.53 | 1.00 1.84
Ta: 0to 70°C™? (0.57) | (1.00) | (1.73) | Use after multiplying the Typ. values
Power supply voltage: 2.5V + 0.25V; | 051 | 1.00 | 1.91 |©fToandKfor Vpp=2.5V
Ta: -40 to 85°C*2 (0.55) | (1.00) | (1.80)

The valule included the parenthesis are given for 1/0O buffer and others are given for MSI Cells.
*1: Thetemperature rangeis set to Tj=0to 85°C.
*2: Thetemperature rangeis set to Tj=-40to 125°C.
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7.3 Load Due to Input Capacitance (Load A)

Cell propagation delay is dependent upon the sum of input pin capacitances (Load A) attached to the
cell’s output terminal (i.e. the sum of the fan-ins). The input capacitances (fan-ins) of each gate and the
output terminal load constraints (fan-outs) are listed in the “ Gate Array S1L.50000 Series MSI Cell
Library”. Cell output terminal fan-out must not exceed the listed Max. value. A Load A calculation
exampleis shown in Figure 7-1 and Table 7-2.

o

Figure 7-1 Example Calculating Load A

Table 7-2 Data Used in the Example of Calculating Load A

Input Output
Cell
Pin Fan-in Pin Fan-out
IN1 A 1.0 X 23.6
IN2 A 2.1 X 47.3
Al 1.0
NA2 AD 10 X 23.2
Al 1.0
NO2 AD 10 X 12.0

The fan-in values for IN2, NA2, and NO2 can be obtained from Table 7.2. Their sum isthe Load A

value, as seen by the IN1 output terminal in load units (LU).

>Load A (IN1) = (Fan-in of IN2) + (Fan-in of NA2) + (Fan-in of NO2)
=21LU+1LU +1LU =4.1LU
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7.4 Load Due to Interconnect Capacitance (Load B)

Theload resulting from the capacitance of the interconnect between cells (Load B) cannot be accurately
calculated until the ASIC layout has been performed. However, Load B is correlated with the number of
branches (number of nodes) connected to the wire, so it is possible to statistically estimate the Load B
value. The estimated interconnect capacitance for each master islisted in the “ Gate Array S1L50000
SeriesM S| Cell Library”.

7.5 Propagation Delay Calculations

Below we present a sample propagation delay time cal culation using the circuit shown in Figure 7.2
(assume an operating voltage of 3.3V) and the data of Table 7.3.

Figure 7-2 Circuit for the Sample Calculation of the Propagation Delay Time

Table 7-3 Characteristics (Power Supply Voltage = 3.3V)

el Input Output tpa (Typ.)
e
Pin Fan-in Pin Fan-out | From To Edge to (pS) | K (ps/LU)
{i 77 23.2
IN1 A 1.0 X 23.6 A X
\ / 81 12.7
{i 63 11.6
IN2 A 2.1 X 47.3 A X
\ / 62 6.4
{i 94 23.2
NA2 Al 1.0 X 23.2 A X
\ / 87 21.9
{i 90 45.0
NO2 Al 1.0 X 12.0 A X
\ / 92 12.8
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For this example, assume that Load B of NODE P =2 (LU), and assume that Load B of Nodes B, C and
D =0 (LV). Also, note that propagation delay varies depending on the output terminal state transition
(rising or falling edge). Below please find examples cal culating the propagation delays for paths A to P,
A toB, A toCandA toD for both rising and falling cases under typical operating conditions at 3.3V.

1. PATHAtOP: tpd = toa (IN2)

tpd (Avising 1O Praling) =To+K x (LoadA + Load B)
=81 +12.7 x (4.1+2)
= 158.5(ps)

tpd (Avrising tO Praling) =To+K x (Load A + Load B)
=77+ 232 x (4.1+2)
= 218.5(ps)

2. PATHA toB: tpd = tpa (IN1) + tog (IN2)

tpd (Avising 1O Brising) = tpd (Avising t0 Prailing) + tpd (Pralling tO Brising)
=158.5 + tp
= 1585+ 63
=221.5(ps)

tpd (Atalling tO Bralling) = tpd (Atalling t0 Prising) + tpd (Prising tO Btaliing)
=2185++tp
=2185+62
= 280.5(ps)

3. PATHA to C: tpd = tog (IN1) + tpg (NA2)

tpd (Avising 1O Ciising) = tpd (Avising t0 Pralling) + tpd (Pralling t0 Ciising)
=158.5 + 19
=158.5+ 94
= 252.5(ps)

tod (Atatting t0 Cralling) = tpd (Avalling 10 Prising) + tpd (Prising t0 Cralling)
=2185++1,
=2185+87
= 305.5(ps)

4. PATHA toD: tpa= tpd (IN1) + tog (NO2)

toa (Avising t0 Drising) = tpd (Avising t0 Praiing) + tod (Pratiing t0 Drising)
= 158.5 + tp
=158.5+90
= 248.5(ps)

tpd (Afalling tO Dralling) = tpd (Avtalling tO Prising) *+ tpd (Prising 10 Dralling)
=2185++tp
=2185+92
= 310.5(ps)
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7.6 Calculating Output Buffer Delay

Assuming that the load capacitance connected to the output buffer is C,, the delay time tpq is calculated
asfollows:

toa = To (Output cell) + K (Output cell) x C /10

To(Outputcell) :  Theintrinsic delay of the output cell [ps]
K (Outputcell) :  Theoutput cell load delay coefficient [ps/10pF]
CL . Theload capacitance connected [pF]

Please reference the “ Gate Array S1L.50000 Series MSI Cell Library” regarding the intrinsic delays and
load delay coefficients of the output cells and pre-drivers.

7.7 Sequential Buffer Setup/Hold Time

A critical factor to analyze when designing an ASIC is sequential cell usage and operation. Data which
isto be stored by sequential logic must arrive before the gating or clock signal to insure sufficient data
setup and proper operation. That same data must remain unchanged or held subsequent to the gating or
clock signal. These timing rules and others (see below) must be taken into consideration when
designing sequential logic. Sequential cell specific timing values can be found in the “ Gate Array
S1L.50000 SeriesMSI Cell Library”.

(1) Min. Pulse Width: TPWC, TPWS or TPWR

The Min. pulse width refersto the Min. value of the time between aleading edge and atrailing edge
of an input pulse waveform, as seen at the clock, set, preset or reset terminal of a sequential cell.
Circuit malfunction may occur when a narrow pulse is applied which volates this constraint.

The Min. pulse widths may be of the following three types:

¢ Clock signal Min. pulse width violation.
« Set signal Min. pulse width violation.
* Reset signa Min. pulse width violation.

(2) Setup Time:

“Setup time” refersto the required time interval in which the data state must be set before the active
edge transition of the gate or clock signal in order to correctly store the datain asequential cell or an
MSI function which is made up of sequential cells.

(3) Hold Time:

“Hold time” refers to the required time interval in which the data state must be held after the active
edge of the gate or clock signal in order to correctly store the datain a sequential cell or an M Sl
function which is made up of sequential cells.

(4) Release Time (Setup):

“Releasetime” (setup) refers to the required time interval between a set/reset signal transition to
inactive and the active edge of the gate or clock signal in a sequential cell of an MSI function which
is made up of sequential cells.

(5) Release Time (Hold):

“Releasetime” (Hold) refersto the required time interval between a set/reset signal transition to
active and the active edge of the gate or clock signal in asequential cell or an MS| function which is
made up of sequential cells.
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(6) Set/Reset (Setup):

“Set/Reset” (Setup) refersto the required timeinterval after aset input state is released until it is
possible to have arising edge on areset input in asequential cell or MSI function which is made up
of sequential cells.

(7) Set/Reset (Hold):

The“ Set/Reset” (Hold) refersto the required time interval after areset input state is released until it
is possible to have arising edge on a set input in a sequential cell or MSI function which is made up
of sequential cells.Figure 7.3: DFSR (Example)

Please refer to each tool manual about timing error messages when simulating.

SET
[DAA >—p So—<_q |
[cLock C RXQ xQ |

Figure 7-3 DFSR (Example)

CLOCK ﬁ \ A A f;
| <> Al
Pulse Pulse
Width Width
DATA |
[ SETUP } HOLD [
SET !
(RESET) | RELEASE | >
(SETUP) Pulse
Width
SET !
(RESET) | (RELEASE |
! (HOLD)
Figure 7-4 Timing Wave Form (Explanatory Diagram for Numbers 1-5)
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RESET
SET :
RELEASE '
(SETUP)
SET '

._RELEASE
' (HOLD)

Figure 7-5 Timing Wave Form (Explanatory Diagram for Numbers 6-7)

The Flip-Flop set-up / hold time of the S1L.50000 seriesis discribed at “ Cell Library” on the same

format shown in Table 7. 4. When using it , refer to each cell’s characteristics.

Table 7-4 DFSR Timing Characteristics (Example)

Setup timel | Hold time,t, | Pulse width, | Setup time, | Hold time, t, | Pulse width,
Pin tsu (pS) (ps) tw (pS) tsu (pS) (ps) tw (pS)
Typ.(Vop=3.3V) | Typ.(Vop=3.3V) | Typ.(Vpp=3.3V) | Typ.(Vop=2.0V) | Typ.(Vop=2.0V) | Typ.(Vpp=2.0V)
C(P)to D 567 149 — 966 314 —
C(P)toR 338 413 — 555 674 —
C(P)to S 408 393 — 687 645 —
R(P) to S(P) 530 — — 879 — —
C(P) — — 773 — — 1306
C(N) — — 788 — — 1323
R(N) — — 842 — — 1416
S(N) — — 736 — — 1258
Note: P =transition from Oto 1 level or Positive pulse
N = transition from 1 to O level or Negative pulse
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7.8 How to Use Cell
(1) *V or *O added

The*V mark, which is added for inverters and AND gates, indicates accel erated speed compared to
the normal fan-out gate.

(2) “H” added at the end of the flip-flop cell name (DF system or LF system)

Though cellsto which “H” is added at the end of the flip-flop cell name have the same gates and
delay time of C to Q asanormal cell, they are set to alonger set-up time and shorter hold time. If
there is some margin for set-up time in the set-up, it can be used as a technique for preventing
holding time errors caused by clock skew.

(3) “L” added at the end of flip-flop-cell name (DF, LF, K, and T systems)

Though cellsto which “L” is added at the end of the flip-flop cell name have some delay time
compared with normal cells of non-existing “L”, their power consumption is reduced by a half.
When estimating the current consumption, the value of Kint should first be set to “0.5".
Furthermore, when designing a scanning type cell, replace it with the cell to which “L” is added at
the end of scanning type cell name.

7.9 Chip Internal Skew

Because of transistor characteristic variance within an ASIC, the tpd of similar gates within an ASIC
may vary. Skew is aterm used to describe this variance. Skew must be taken into account so asto
provide margin in timing critical portions of logic to insure proper operation.

Table 7-5 Skew Within the Chip

Cell Layout Area Skew
Internal cells All the regions 5%
1/O cell All the regions 5%
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Chapter 8: Test Pattern Generation

Test patterns must be generated once the logical design has been completed. Test patterns are used to
simulate and verify circuit functionality. Test patterns are also used for product inspection prior to
shipment. Please keep the following guidelines in mind when generating test patterns, thereby

improving manufacturability and insuring product quality.

8.1 Testability Considerations

Because the test patternis used in the final inspection of the product beforeit is shipped, it must be able
totest al circuitswithinthe LSI. If there are areas within the circuits of the LS| which are untested, it
will not be possible to test those areas before the product is shipped, and thus there will be the danger of

shipping defective product.

Itisdifficult to test all of the circuits within the LS, so it isimportant to consider testability during the

process of designing the circuit.

If the EPSON recommended test circuit isinsert to theinternal circuit of LS|, some conditionsof DC test
needed test patterns can be setting easily. Refer to the section 6.5 about DC or AC test in detail.

8.2 Waveform Types

Although the test patternis normally a series of “0” and “1” when asimulation is performed or the LSI
tester are run, the input wave forms can be delayed, and the wave forms can be changed. The wave
forms which can be used when the test pattern is generated include the following two types:

Test rate

' Input delay

Pulse width
=

NRZ wave —| |
[ [

RZ wave

1

Output wavei >< ><

Strobe |_| |_|

Figure 8-1 Constraints on Timing Settings

NRZ (Non Return to Zero)

A signal whose state changes no more than once per test period cycleis defined as being an NRZ
type waveform. This waveform type can be delayed by a constant offset from the beginning of the

test period cycle boundary.

RZ (Return to Zero)

A signal whose state may change twice per test period cycle is defined as being an RZ type
waveform. This waveform type can be delayed by a constant offset from the beginning of the test
period cycle boundary. This waveform type is useful for defining clock signals using positive or

negative pulse definitions.
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8.3 Constraints on the Types of Test Patterns

During design verification, test patterns can be set to accurately reflect actual operating frequency, yetin
order to be used in final device inspection, the test patterns must adhere to constraints of the LS tester.
These constraints are explained below and should be kept in mind during test period devel opment.

8.3.1 Test Period

Thetest period must be 100 nsec or longer in duration and is defined in 1 nsec intervals. (Recommended
test period: 200nsec.)
The limitation described on the “8.3.5 Strobe" should be satisfied and defined the test period.

Number of events per test pattern: 256K events or less
Number of test patterns: 30 test patterns or less
Total number of test pattern events: IM eventsor less

8.3.2 Input Delay
(a) Range of Input Delays

0 nsec < input delay value < strobe point.
Theinput delay is defined in 1 nsec step within the range above. See Section 8.3.5 below regarding
constraints on the strobe point.

(b) Input delay values must have a Min. of 3 nsec resolution from one another.
(c) Types of input delays

No more than 8 types of input delays can be used in asingle test pattern. A 0 nsec delay isalso
counted as 1 type. When there are identical delays on an RZ wave form as on an NRZ wave form,
these are counted as different delay types. When RZ wave form has identical delay value or NRZ
wave form has identical delay value, these are counted asidentical delay types.

8.3.3 Pulse Width

Pulse widths for RZ wave forms must be 15 nsec or more.

8.3.4 Input Waveform Format

The input wave form must assume avaue of “0”, “1”, “P", or “N”. “P” and “N” indicate RZ positive
pulse and negative pulse type. Use state “0” to disable positive pulse RZ waveform, and state“1” to
disable negative pulse RZ waveform (i.e. RZ type state combinations of (0,P) and (1,N) arevalid, while
state combinations of (O,N) and (1,P) areinvalid).

Do not use a bi-directional pin asthe clock.

8.3.5 Strobe

The constraints on the strobe are as follows.
(a) Only asingle strobe may be used within a single test pattern event.

(b) The Min. value for a strobe should be at least 30 nsec after the completion of all output signal
changes, where the change results from input signals state change applied during that event.

(c) The Max. value for the strobe should be the test period minus 15 nsec.
(d) The strobe is defined in 1 nsec step.
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8.4 Notes Regarding DC Testing

Thetest patternis used for functional testing and DC testing of the L SI. Please generate the test patterns
so that the following DC tests can be performed.

DC tests are performed to verify the DC parameters of the LSI. Because the DC tests perform
measurements on the trailing edge of the measurement events, those terminal s which are measured must
not have state changes after the strobe during the measurement events.

The DC parameters measured are as described below:

(a) Output Driver Test (Von, Vo)

The output buffer current driving capabilities are tested. The terminals which are to be tested are
caused to enter the output level through the operation of the device, the specified current load is
applied, and the level of the voltage drop is measured.

In order to perform the output driver tests, it is necessary for the test pattern to cause al of the
terminalsto enter al of the states which are obtained when the device is operating. Also, the states
must be such that they do not change even if the measurement event extends the test period
indefinitely.

(b) Quiescent Current Test (Ipps)

The quiescent current is the leakage current which flows to the LS| power supply when theinput is
in an fixed state. While generally this current is extremely small, this measurement must be done in
astate where there are no other currents flowing aside from the leakage current. To do this, al of the
following conditions must be fulfilled, and there must be two or more places wherein there are
events which can measure the quiescent current.

(1) Theinput terminals are all in afixed state.

(2) The bi-directional terminals are given “High” level or “Low” level inputs or arein an output
state.

(3) There are no oscillators or operating functions within the circuit.

(4) None of the internal 3-state buffers (internal bus) are in afloating or a contention state.
(5) The RAM, the ROM, and the megacells are not in states wherein current is flowing.
(6) A “High” level input is applied to input terminals which have pull-up resistors.

(7) Bi-directional terminalswith pull-up resistors attached are either given “High” level inputsor are
producing “High” level outputs.

(8) Bi-directional terminalswith pull-down resistors are either in an input state or are producing
“Low” level outputs.
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(c) The Input Current Test

Theinput current test measures the inputs to the input buffer. The test items include measurements
of input leakage current and of pull-up/pull-down currents. The tests for these measurement items
are performed by applying aVpp level or Vss level voltage to the terminal being measured, and
measuring the current which flows. In other words, the test is performed by applying either a“High”
level or a“Low” level voltage to the terminal being measured. For example, when aVpp (“High”
level) signal is applied during the test to aterminal being measured and which isin astate having a
“Low” level, then thereis the potential for thisto cause the state to change from “Low” to “High” in
the terminal being measured, and the potential that this will cause the LSI to function incorrectly.

In order to measure the input current tests, atest where aVpp level isapplied at an event where there
isa“High” input to the terminal being measured in the test pattern, and atest is performed where a
Vsslevel isapplied in the event where a“Low” is applied. Because of this, it is not possible to
perform these tests when the terminals being measured are not in these states in the test pattern.

Theinput current tests are further broken down into the following classifications.
(1) Input Leakage Current Test (1. 1))

M easurements are performed regarding the input current of the input buffers which have no pull-
up/pull-down resistors.

The current which flows when a“High” level voltage is applied to the input buffer is called I,
and its Max. current value is guaranteed. In order to perform thistest there must be an event in
the test pattern which causes the input terminal to be measured to have a“High” level input. Bi-
directional terminals must have “High” level inputsin the input state.

The current which flows when a“Low” level voltageis applied to the input buffer is called I,
and its Max. value is guaranteed. In order to perform this test there must be an event in the test
pattern which causes the input terminal to be measured to have a“Low” level input. Bi-
directional terminals must have “Low” level inputsin the input state.

(2) Pull-up Current Tests (Ipy)

Thistest measures the current which flows when a“Low” level voltage is applied to an input
buffer having a pull-up resistance. In order to perform this test there must be an event in the test
pattern which causes the input terminal to be measured to havea“Low” level input. Bi-
directional terminals must have “Low” level inputsin the input state.

(3) Pull-down Current Tests (Ipp)

This test measures the current which flows when a“High” level voltage is applied to an input
buffer having a pull-down resistance. In order to perform this test there must be an event in the
test pattern which causes the input terminal to be measured to have a“High” level input. Bi-
directional terminals must have “High” level inputsin the input state.

(4) Off State Leakage Current (10z)

This measures the leakage current which flows when the output is a high-impedance state in
output buffers which have open drains or which are 3-state output buffers. The actual
measurement is the measurement of the currentswhen aVpp, level voltageisapplied, and when a
Vs level voltageis applied to the terminal being measured when the terminal isin a high-
impedance state. Because of this, the terminal being measured must enter into a high impedance
state in the test pattern.
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8.5 Notes Regarding the Use of Oscillation Circuits

An example of an oscillation circuit (oscillator, interval oscillator) is shown below.

LIN IN1

PAD —X X
Gate side signal {>C I C{>—I>O—— Clock signal

AD [
I |

P
Drain side signal

LOT Oscillation cell

PAD X G
L1

Gate side signal X Clock signal

LIN

D

m

Enable signal

Oscillation cell

PAD A
L1
LOT

Drain side signal

Figure 8-2 Example of Oscillation Circuits

Generally when oscillation circuits are used, the driving power of the oscillation inverter is small and
the output wave form of the oscillation circuit is influenced by the load of the measurement
environment. Thus the oscillation circuit is unable to transmit precise wave forms to the next-stage
gates.

Because of this, in order to reproduce the conditions of the simulation in the tests, a procedure known as
“reverse drive’ (i.e. aprocedure wherein asignal having the same wave form as the output from the
drainisinput to the drain terminal) is used.

When the oscillation inverter is structured as an inverter, it is possible to generate areverse drive signal
if the signal input from the drain is simply areverse-phase input of the signal applied to the gate;
however, in the case of NAND gate structures (known as interval oscillators or gated-OSC), then
decisions cannot be made simply based on the gate signal alone, but rather the reverse drive wave form
must be determined by looking at the expected. values of the drain terminal.

In this method, if the input wave form isthe NRZ wave form and the strobe is at the end of the test
period, then the input wave formis put to the drain terminal expected value directly and areverse drive
wave form can be generated. However, in the case of the RZ wave form, then the expected value of the
drain terminal isfixed to either a“High” or a“Low” whether or oscillator isin a oscillating state or an
oscillation stop state, so it is not possible to determine areverse drive wave form by examining the
expected state of the drain terminal.

Because of this, please keep the following cautions and notes in mind when a circuit having ainterval
oscillator is used:

(1) An RZ wave form cannot be used as the input signal.
(2) Do not cause transitions in the clock signal by transitions in the enable signal.
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8.6 Regarding AC Testing

AC testing measures the time it takes for asignal to propagate to the output termina when there has
been atransition at the input termina during a single event. The AC testing can be performed on a
measurement path selected by the customer.

8.6.1 Constraints Regarding Measurement Events

Because this test is done using a testing method known as the “normal binary search method,” the
terminal being measured (i.e. the output terminal wherein thereis atransition) must have only asingle
transition point within a measurement event. (Measurements cannot be performed on terminals having
an RZ wave form output, nor can they be performed in situations where a hazard is output during the
measurement event.) Also, the state transitions of the signal being measure must be either “High” to
“Low” or “Low” to “High”. (Transitionsinvolving a high-impedance state cannot be measured.)

Other cautions and notes include the necessity for selecting events so that there are no signa
contentions between the bi-directional terminals and the LSI tester, and that there are no situations
where many output terminals have simultaneous transitions at the measurement event. This is because
the LS| power source is overwhelmed when there are simultaneous transitions or signal contentions,
affecting the output wave form of the terminals being measured and making it impossible to get an
accurate measurement.

8.6.2 Constraints on the Measurement Locations for AC Testing

Please use only 4 or less measurement locations in the AC testing.

8.6.3 Constraints Regarding the Path Delay Which is Tested

The longer the delay in the AC measurement, the more accurate the measurement. The measurement
path delay time should be recorded using Max. delay simulation conditions targeting a path delay value
of 30 nsec or more, and less than the strobe point.

8.6.4 Other Constraints
(1) Do not designate a path from the oscillator circuit.

(2) Designate a path which does not pass through acircuit having an internal 3-state unit (i.e. the
internal bus).

(3) Do not designate a path passing through other bi-directional cells between the input cell and the
output cell of the measurement path.

(4) When there are two or more voltage ranges used, reconcile these to a single AC test measurement
voltages.

8.7 Test Pattern Constraints for Bi-directional Pins

By the constraints of testing, the bi-directional pins cannot switch between input mode and output mode
more than once within a single event. Because of this, the test pattern generated should not use an RZ
wave form for controlling the bi-directional cell input/output mode switching.

Also, an RZ wave form cannot be used as an input to the bi-directional pin.
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8.8 Notes on Devices at High Impedance

EPSON can not guarantee to operate the input pins of CMOS devices at high impedance, so EPSON
forbids such operation when simulating the logic circuit. EPSON supplies the I/O cells with pull up or
pull down resistor to prepare for high impedance. For the following reason, however, the changesin the
signal dueto pull up or pull down resistors do not reflect the propagation delay time in the simulation.
Thisis because accurate operation can not be simulated, so EPSON forbids the use of 1/0 cells
(including bi-directional pins) with pull up or pull down resistor not to be inputted at the input mode
when simulating the logic circuit.

<Reasons Why Propagation Delay Time of Pull up or Pull down Resistor is not Considered>

- Propagation is greatly changed by the capacity of the external load.
- The pull up or pull down resistor is only used to prevent to be floating gates at the high impedance.

Before the simulation, EPSON checks the test pattern for the above contents using thetool. Correct the
test pattern if "Z" is detected to represent the high impedance state at the bi-directional pins (including
those with Nch open drain output).

For the above reason, also correct the test pattern if "Z" is detected at the bi-directional pinswith a pull
up or pull down resistor or at the open drain bi-directional pins.

<Countermeasure>

When checking the test patterns, all of the“Z” valuesindicated to bi-directional pinsareindicated to be
inerror. (Except for “Z” outputted at the output pins of 3-state, Nch and open drain)

EPSON supports the utility program for modifying the test patterns such that if “Z” is outputted at the
bi-directional pin with pull up resistor, replace“1” and if “Z” is outputted at the bi-directional pin with
pull down resistor, replace “0”.

If the bi-directional pinindicated by “X” is set to be theinput mode, “ X" istransferred at the simulation
and the“?" is outputted as the simulation result. The “?’ must be corrected, and then the simulation is
executed again.
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Table 8-1 Handling the Signal at the Bi-Directional Pins in Simulation

Simulation Result

Input Pattern I/O mode Simulation (Outpout Pattern)
“X” Inuput mode “X v
“1", “High” Inuput mode “1” “1"
“0”, “Low” Inuput mode “0” “0”
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Chapter 9: Estimating the Power Consumption

CMOS L SIs consume very little current when they are not operating. However, when they are
operating, the power they consume depends on the operating frequency. When the power consumed is
large, then the temperature of the LS| chip increases, and the quality of the LS| can be negatively
affected if the temperature of the chip gets too high.

Because of this, it is necessary to calculate the power consumption and to check whether or not the
power consumption is within allowabl e tolerances.

9.1 Calculating the Power Consumption

The power consumption of a CMOS circuit is generally dependent on the operating frequency, the
capacitance, and the power supply voltage. (Thisexcludes those special situations where thereisa
normal current through RAM/ROM, etc.) Here the CMOS gate array power consumption can be
calculated easily if the operating frequencies and load captaincies of the various cells used within the
circuit are known. However, becauseit isdifficult to calculate the load captaincies for each internal cell,
use the rough calculations described below.

After the power consumption for the input buffers, the output buffers and the internal cells are
calculated, and these values are summed to produce the total power consumption.

Because of this, the total power consumption Py is calculated as follows:

P : Power consumption of input buffer
Piota = P, + Po + Pyt P, : Power consumption of output buffer
Pint : Power consumption of internal cells

Please see Chapter 11 regarding power consumption calculations for dual power supplies.
(1) The Input buffer Power Consumption (P;)

The input buffer power consumption is the sum of the products of the signal frequencies (MHz)
input into each buffer, and the input buffer power coefficient K (W/MHZz) for each buffer.

K
Pi =% (KpXf) (W)
i=1

Kp : Input Buffer Power Coefficient (Refer to Table 9-1.)
fi : The operating frequency of theith input buffer (MHz)

Table 9-1 Ky of input buffer in the S1L50000 Series

Voo (Typ) Kpi
3.3V 6.2uW/MHz
2.5V 3.6pW/MHz
GATE ARRAY S1L50000 SERIES EPSON 89

2.5 Voltage Library DESIGN GUIDE



Chapter 9: Estimating the Power Consumption

(2) Output Buffer Power Consumption (Po)

The output buffer power consumption differs depending on whether the load is adirect current load
(such asresistive loads, TTL device connections, etc.) or whether the loads are alternating current
loads (such as capacitance loads, CMOS device connections, €tc.).

In the case of aternating current loads, the output buffer power consumption is calculated from the
load capacitance C,_ asfollows:
* Alternating current power consumption
Pac =f x CL x (Vpp)? (W)
f: Output buffer operating frequency (Hz)
C.:  Load capacitance (F)
Vpp: Power supply voltage (V)
In the case of the direct current load, the power consumed in the direct current load is added to the
power consumed in the alternating current load.
* Direct current power consumption
Poc = Poch + PocL
Where,
Pocr = llonl X (Vb - Vor) (W)
PocL = loL X VoL (W)

Theratio of Pocy and Poc, is determined by the output signal duty cycle.

. T X

Figure 9-1 Example of the Duty Cycle

DUtyH:(T1+T2)/T
DutyL=(T-T:-T2)/T
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Because of this,

Poc = Poch + PocL

K

i=1

= Z{(Voo-Vori) * | loni | x Duty H} + % {Voi X loi x Duty L}

K

i=1

Consequently, the power consumption Po of the output buffer is calculated by:

Po =3 (Pac + Ppc)

i=1

K K

=3 {fixCix(Vpp)2}+ 3 {(Vop — Vori) X lowi x Duty H }
i=1 i=1
K

+ % {Voi xloLi x Duty L }

(3) Internal Cell Power Consumption (Pint)

Theinternal cell power consumption depends on the type of device used, the cell use efficiency, the
operating frequency, and the ratio of cells operating at the operating frequency. It iscalculated as

follows:

K

i=1

P :E{ (Nb x U) x fi x Sp x (Kping) } (W)

Nb:  Total number of BCsin the device type used.

u: Cell useratio (Use 40%-50% for DLM, use 70%-88% for TLM)
fi: Operating frequency of theith group (MHz)
Sii: Percentage of cells operating at frequency fi.(Use 20% to 30%, though it depends on
system.)
Kpint:  Internal cell power coefficient (Refer to Table 9.2.)
Table 9-2 Kpint for 1BC in the S1L50000 Series
Vop (Typ) Kpint
2.5V 0.34pW/MHz

Low power cells of the low power consumption type can be used to operate with the low power
consumption. With low power cells, the propagation delay time compared with normal cell isonly
slightly shortened, but the power consumption per gate can be decreased by a half.

The power consumption when using low power cells should be calculated as a half the Kpint of the

internal cellsin S1L50000 series.

Low power cellsareindicated by “L” added to the end of the normal flip-flop cell name. (Thereisatotal

of 31)
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Table 9-3 Example of Low Power Cell in S1L50000 Series

Normal Cells Low power cells
DF D-Flip Flop DFL D-Flip Flop(Low power)
JKR JK-Flip Flop JKRL JK-Flip Flop
LF Latch LFL Latch(Low power)

*1 The scan cells except for those listed above are prepared. (Thereis atotal of 31.)
Refer to “Gate Array S1L50000 Series M S| Cell Library” in detail.

9.2 Constraints on Power Consumption

The LSl chip heats up according to the power consumption within the LSI. The temperature of the LSI
chip when it is mounted in a package can be calculated from the ambient temperature Ta, the thermal
resistance(q.o) of the of the package, and the power consumption Pp.

The chip temperature (Tj) = Ta+ (Pp x gj.3) (°C)
In normal use, the chip temperature (T;) should be less than about 85°C.

Please reference table 9-4 for the thermal resistances of each of the various packages. Because the
thermal resistances listed in Table 9-4 are thermal resistances in a situation where thereisno air
circulation, these values will change substantially depending on the mounting of the packages on the
circuit board and depending on whether or not thereisforced air cooling.
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Table 9-4 Thermal Resistances of Various Packages (Without Air Circulation)

ALLOY42 Cu-L/F
Om/sec | 1 m/sec | 2m/sec | 3 m/sec Om/sec | 1 m/sec | 2m/sec | 3 m/sec
PKG PIN PKG PIN
6j-a 6j-a 6j-a 6j-a 6j-a 6j-a 6j-a 6j-a
QFP5 100 [110(°C/W)| 75 60 55 QFP5 80 [85(°C/W)| 55 45 40
QFP5 128 110 75 60 55 QFP5 100 80 55 35 30
QFP8 128 65 — — — QFP5 128 80 55 35 30
QFP8 208 45 — — — QFP8 160 45 32 25 23
QFP12 48 230 — — — QFP8 256 50 — — —
QFP13 64 170 — — — QFP10 304 35 20 16 —
QFP14 80 110 — — — QFP12 48 175 120 90 80
QFP15 | 100 115 50 45 35 QFP13 64 130 80 55 50
QFP20 | 144 85 70 50 40 QFP14 80 110 — — —
TQFP14 | 80 100 — — — QFP15 100 90 — — —
TQFP14 | 100 100 — — — QFP20 184 65 — — —
TQFP15 | 100 110 — — — QFP21 176 55 — — —
QFP21 216 55 — — —
CFLGA (Board installation under the windless condition) 8,’;’33; ;22 jg 22 ;2 ;2
Chip Size QFP23 184 40 — — —
Package |Customer’s QFP23 240 40 — — —
type board size |3.82 mm x|5.73 mm x|9.55 mm x| | TQFP12 48 165 — — —
3.82mm | 5.73 mm | 9.55 mm TQFP13 64 140 _ _ _
CFLGA424| 75mm |44.0(°C/W)| 32.9 24.6 TQFP15 | 128 105 — — —
50mm 46.9 36.4 27.8 TQFP24 | 144 80 — — —
30mm 61.1 50.1 42.1 HQFP5 128 60 — — —
CFLGA307 | 75mm 44.0 33.1 24.9 HQFP8 | 160 32 19 12 10
50mm 47.1 37.4 285 H2QFP8 | 208 34 - - -
30mm 61.7 515 431 H2QFP23| 240 | 30 - - -
CFLGA239| 75mm | 44.0 33.1 251 | [HSQFP1S| 128 | 85 - - -
50mm 47.3 38.3 29.2
30mm 62.2 52.9 43.9 PBGA
CFLGAL52| 75mm 44.8 34.4 - Om/sec | 1 m/sec | 2 m/sec | 3 m/sec
50mm 48.8 39.7 — PKG PIN
30mm 63.3 53.9 — 8j-a 6j-a gj-a gj-a
CFLGA104| 75mm 455 35.6 — PBGA 225 |72(°CIW) 46 37 —
50mm 50.3 41.1 — PBGA 256 53 33 25 _
30mm 64.3 54.9 — PBGA | 388 45 — — —
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C

hapter 10: Pin Layout Considerations

10.1 Estimating the Number of Power Supply Pins

It is necessary to estimate the number of power supply pins required based on the power consumed by
the LSI and on the number of output buffers. The output buffers use alarge current when switching.
This current increases with larger output buffer drive capabilities.

The number of power supply pins required by the LS| can be estimated by its relationship with the
current consumed as shown bel ow.

If the current consumed is Ipp (MA), then the number of power supply pins required (N,pp) to supply
the consumption current Ipp is as follows:

Nipp = IDD/50 (palrS)

NOTE : Insert aminimum of 2 pairs of power pins N|pp.
Ipp: Calculate Ipp by dividing the power consumption calculated in Chapter 9 by the operating voltage.

See Chapter 11 regarding the estimation of the number of power pinsfor dual power supplies.

NOTE: When the DC load is connected to the output buffer, if the current is flowed at the steady-state, power supply pins should
be added.For more infomation, contact to our sales office for tecnichal support.
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10.2 Number of Simultaneous Operations and Adding Power

Supplies

In the S1L.50000 Series, the output drive capability is extremely large at a maximum of 6mA, and thus
the noise generated by the output buffers when they are operating is also extremely large.

The power supplies need to be added, as shown in Table 10-1 to 10-2 to prevent malfunction from the
noise when multiple output buffers operate at the same time.

Table 10-1 Number of additional Vss Power Supplies Depending on the Simultaneous
Operation of Output Buffers (Vpp=2.5V)

Output Drive

Number of Output
Buffers Operating

Number of Additional Power Supplies

Ability (lor) Simultaneously CL < 50pF CL < 100pF CL < 200pF
<8 0 1 2
6mA <16 1 2 3
<24 1 2 4
<32 2 3 5

Table 10-2 Number of additional Vpp Power Supplies Depending on the Simultaneous
Operation of Output Buffers (Vpp=2.5V)

Output Drive

Number of Output
Buffers Operating

Number of Additional Power Supplies

Ability (o) Simultaneously CL < 50pF CL < 100pF CL < 200pF
<8 0 1 1
<16 1 1 2
6mA
<24 1 2 3
<32 1 2 3
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10.3 Cautions and Notes Regarding the Layout of Pins

Once the package to be used has been selected, then it istime to layout the pins. Please see the specific
“Pin Layout Table” regarding the number of power supply pins and useable input/output pinsin the
various S1L.50000 Series Packages.

Once the pin layout has been established, submit to EPSON a pin assignment specification

which has been filled out with the pin layout. EPSON will layout the interconnections according to the
specification submitted by the customer, so we request that the customer carefully check this
specification.

The pin layout is one of the critical specifications which controlsthe quality of the LSI. Itisespecially
important in avoiding malfunctions due to noise. Moreover, problems with noise are difficult to check
for in simulations. So that there will be are no malfunctions with non-traceabl e causes in the customer’s
LSI, we urge the customer to carefully study the guidelines detailed in this chapter before generating the
pin layout.

10.3.1 Fixed Power Supply Pins

There are some pins which can only be used for power supply, depending on the combination of each
device and package in this series. Because there are some pins which must be set to Vpp pinsand some
pins which must be set to V ss pins please consult with EPSON when selecting a package.

10.3.2 Cautions and Notes Regarding the Pin Layout

The pin layout influences the logical functioning and electrical characteristics of the LSl. Moreover, the
pin layout may be constrained by the construction of the LSI, the structuring of the cells and the bulk,
etc. Because of this, we will explain factors which must be researched when creating the pin layout,
factors such as the power supply current, the input pin/output pin isolation, the critical signals, the pull-
up/pull-down resistor inputs, simultaneous output, current drivers, etc.

(1) Power Supply Current (Ipp, Iss)

When it comes to the power supply current (Ipp, Iss) there are limitations on the tolerable levels for
current from the power supply through the power supply pins when in an operating state. When the
tolerable levels are exceeded, the current density within the power supply interconnects within the
L Sl becomes too high, and the voltage generated by the current and the resistance within the
interconnects increases or decreases. This may lead to malfunctioning and may have an impact on
DC or AC characterigtics.

In order to avoid these types of problems, it is necessary to reduce the current density and the power
supply interconnect line impedance. To do this, it is necessary to estimate the power consumption
during the design of the gate array, and to make sure that there are enough power supply pins so that
the current through each of the power supply pins does not exceed tolerances. Moreover, the layout
should be such that the power supply pins are not concentrated all in one location, but rather are
spread out. See Section 10.1, “ Estimating the Number of Power Supply Pins” about number of
power supply pins.

However, the final power supply pin count may require the addition of power supply pins according
to the above, and the power supply pin count must include additional power supply pins for the
purpose of reducing noise, etc. See Section 10.2, “Number of Simultaneous Operations and Adding
Power Supplies’, regarding additional the number of additional power supply pins.

(2) Noise Resulting from the Operation of Output Cells

The noise resulting from the operation of the output cells can be broadly divided into two categories.
To reduce this noise as many power supplies should be added as possible as the countermeasure.
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a) Noise Generated in the Power Supply Lines

When many outputs switch simultaneously, there will be problems with noise generated in the
power supply line. This can change the LSI input threshold levels, causing malfunctions. This
power supply line noiseis aresult of the large current which is caused to flow in the power
supply lines when output cells switch simultaneously. The power supply noise exerts an
especially large impact on the interface components. Because of this, the LS| equivalent circuits
can be represented as shown in Figure 10-1. The output of this circuit diagram shows that when
thereisa“High” to “Low” transition, the current from the output pin flows through the
components within the L SI, and flows through the equivalent inductance L, of the LS| package,
etc. At thistime, the voltage in the Vss power supply line within the LSl is distorted by the
equivalent inductance L,. Thisvoltage distortionin theV ss power supply lineisthe noisethat is
generated within the power supply line. The noise which is generated within the power supply
linesis primarily aresult of the equivalent inductance L, so alarge amount of noiseis generated
when power supply currents change rapidly.

VDD

L1
VoD (internal)

Input pin L3 Output pin

Vi -
l Lo Vss (internal) l

Figure 10-1 An LSI Equivalent Circuit

b) The equivalent inductance in the output pins causes noises known as “ overshoot,” “undershoot”
and “ringing.” This equivalent inductance is marked by L3 in Figure 10-1. Because inductance
has the property of storing energy, this overshoot, undershoot or ringing isthe result of the output
becoming either low or high. When there is atransition, the overshoot and undershoot is
proportional to the size of the current to the rate of change of the current.

The most effective way to reduce overshoot and undershoot is to use output cells with relatively
small drive current, and thereisatendency for the overshoot and undershoot to be reduced when
thereisarelatively large load capacitance. Because of this, thereis a need for caution when
using cells with especialy large current driving capabilities.

(3) Isolating Input Pins and Output Pins

Separating the input pin group from the output pin group in the pin layout is an important technique
for reducing the impact of noise.

Because input pins and bi-directional pinsin the input state are especially susceptible to noise, one
should avoid mixing these pins with output pins whenever possible, and the input pin group, the
output pin group, and the bi-directional pin group should be separated from each other by the power
supply pins (Vpp, Vss).
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Output pins
w18
o) o
> >
[
0 VDD: :Vss g
= — — VDD S
= — —Vss%
- _ O
Vss— — VDD
[TTLLTT],
(=] (=] ]
> 02> >
Bid pins

Figure 10-2 Example of Separating Input Pins and Output Pins

(4) Critical Signals
Thefollowing cautions and notes should be kept in mind when laying out the pinsfor critical signals
such as clock input pins and high-speed output pins.
a) Pinsfor which it is necessary to reduce the noise, such as clock and reset pins, should be placed
near the power supply pins and far from the output pins. (See Figure 10-3)

b) Oscillator circuit pins should be placed near one another, sandwiched between power supply pins
(Vop, Vss). Moreover, they should not be placed near output pins. (See Figure 10-4.)

¢) High-speed input and output pins should be placed near the center of the edge of the chip (of the
package). (SeeFigure 10-3.)

d) When thereislittle margin in the customer specifications for delays between the input pins and
the output pins, these input and output pins should be placed near to one another. (See Figure

10-3)
8
>0
[ |
) ) —>High speed output
High speed input —
Through input =
Through output <]
[ ]
04
x>
Figure 10-3 Example 1 of a Layout for Critical Signals
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L

Figure 10-4 Example 2 of a Layout for Critical Signals

Vss
OSCin
Vbp
OSCour
Vss

(5) Pull-up/Pull-down Resistor Inputs

The pull-up and pull-down resistance values are relatively large, ranging from a few dozen to afew
hundred kohms. The structure of the resistors depends on the power supply voltage. Because of
this, the pins are especially vulnerable to noise coming from the power supply. The following
cautions should be carefully considered when creating the pin layout in order to prevent this noise
from causing malfunctions.

a) Locate as far as possible from high-speed inputs (such as clock pins). (See Figure 10-5.)
b) Locate away from output pins (especially large-current output pins). (See Figure 10-6.)

Please consider the following points prior to pin layout.

* Perform pull-up and pull-down processes on the PCB itself whenever possible.
* Select resistors with low resistances whenever possible.

CLK— — PULL UP

Figure 10-5 Example 1 of Placement of Pull-up and Pull-down Resistors

PULL DOWN — —High drive output

Figure 10-6 Example 2 of Placement of Pull-up and Pull-down Resistors
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(6) Simultaneous Switching of Outputs

Noise is generated when multiple output pins change at the same time, which may cause
malfunctioning of the LSI. In order to reduce the risk of malfunction due to noise when multiple
output pins change at the same time, a power supply pin should be added to the group of output pins
which are changing simultaneously. See section 10.2 regarding the number of power supply pins
which must be added and the method for laying out these power supply pins. In order to reduce this
noise, one may aternatively add a cell to delay the previous stage of these output cell groups,
thereby reducing the amount of simultaneous changes of the output cells, thereby reducing noise as
well. (SeeFigure 10-8.)

[SNO)]
on
171

:< Simultaneously changing output pins. ’:

Figure 10-7 Example of Adding Power Supply Pins

A
TA
TS
OB3T
[bLi—A

—TA ouT2 >
TS
OB3T

Figure 10-8 Example of Adding Delay Cells

(7) Large Current Drivers

When outputs are used which drive large currents (Io. = 12 mA, 24mA, PCI/HVpp = 3.3V), pin
layout should be performed following the constraints below:

a) Constraints on Strengthening the Power Supplies
Power supply pins should be located near the large-current driver pins to minimize switching
niose. (See Figure 10-9.)

b) Low-Noise Pre-drivers
L ow-noise output buffers have been prepared in order to reduce the noise generated by the
operation of output cells with large current drivers. See Chapter 4 regarding recommended.

—Vss
— High drive output
— Vss

Figure 10-9 Example of Strengthening Power Supplies
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(8) Other Cautions and Notes

The relationship between the package pins and the LS| padsis aready established by the
combination of each series device type and package type. Because of this, there may be constraints
on the use of pins because of the package, and constraints on the pin layout due to the I/O cell types.

Notes and cautions regarding these restraints are described below; these should be kept in mind
when determining the pin layouts.

a) NC Pins (non-connection)
A pin might be unavailable for use when the number of pads onthe LSl islessthan the
number of pins on the package, or when the LS| pad cannot be connected to one of the
package pins.

Mark these with adouble asterisk (**) on the pin layout table.

b) Tab Hanger Pins
Tab hanger pins are package pins which are connected directly the LS| substrate. For reasons
discussed above, these pinsare at aVss (GND) level even if they are not externally connected
to the power supply.

Normally these pins should be |eft open on the circuit board.
These pins should be marked with double pound signs (“##") on the pin layout table form.
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10.3.3 Examples of Recommended Pin Connections

The pinlayout isacritical point in ensuring that the LS| operates correctly. Determine pin layouts after
referencing the example pin layout (Figure 10-10) which takes into consideration the entire content
explained in this chapter.

Input pins

Input pins
' 2,3099 I89NRy
92aaa0aaXgaanana’
SAZZZZZ0>Z2Z2Z2Z2Z2Z2>
AN
— Vss — —Vss -
INP8 — — SOUTO0
INP7 — —SOuUT1
INP6 — — SOuUT2
INP5 —] —Vss
Vss — —SOUT3 2
OSCIN— —SOuUT4 a
VDD —| —Vss 5
0SCOUT — VoD =
Vss — —SouTs |3
INP4 — — SOUT6
INP3 — —Vss
INP2 — — SOuUT7
INP1 — —SOuUT8
INPO — — SOUT9
—  Vss — —Vss -
[TTTTTLETITTTLTT T
8RR 0R38353EE3R3 3
>>EEEEE>>O>DD>8>
| LT °o = |
Bid pins Output pins

Figure 10-10 Example of Recommended Pin Layout
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Input pins are located on the upper and |eft hand edges of the package, output pins which change
simultaneously are located on the right hand side of the package, and bi-directional pins and other
output pins are located on the bottom edge of the package.

Table 10-3 Pin Layout Example

Location

Pin Name

Explanation of Pin

Detailed Explanation of the Position of Each

supply pins

Name Pin
Upper Edge | PULP Input pins with pull-up | Located where the impact of noise is the least.
CLK Input pins for the clock | Located near the center of the package, and
near power supply pins.
Left Edge OSCIN, OSCOUT | Oscillator pins Located near the center of the package, and
near power supply pins.
INPO to19 Input pins Located with power supply pins, away from
other pins.
Right-hand | SOUTO to 9 Simultaneously Located near power supply pins and
Edge changing output pins | separated from other pins with additional
power supply pins.
Bottom BIDOto 4 Bi-directional pins Located near power supply pins and
Edge separated from other pins.
MOSC Oscillator monitor Located separated from oscillator pins and
output pins near power supply pins.
HOUT High-drive output pins | Located near power supply pins.
ouTO01 Output pins Located near power supply pins and
separated from other pins.
All Edges Vbp Vpp power supply pins
Vss Vss (GND) power
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Chapter 11: Dual Power Supplies Guidelines

By using dual power supplies (3.3V/2.5V systems) the S1L.50000 Seriesis able to interface with either
3.3V or 2.5V system signal for each I/O cell. The internal cell region operates on only the single 2.5V
system power supply.

11.1 The Method of Adapting to Dual Power Supplies

The S1L.50000 Seriesis of capable of interfacing with signals of a voltage which is different than the
internal operating voltage. There are two methods by which to interface with systems of different
voltages.

* The Single Power Supply Method

With a single power supply, it is possible to input a signals with operating voltage that are higher
than the supply voltage, by using an Nch open-drain buffer. However, it is not possible to output
signals with operating voltages that are higher than the supply voltage, unless an Nch open-drain
buffer and an external pull-up resister are combined.

» The Dual Power Supply Method

Itispossibleto input asignal of a higher voltage than the internal operating voltage through the use
of special dual power supply compatible input butters. Also, the use of output buffers with level
shifters makesit possible to output signals of voltages higher than internal operating voltage.

11.2 Power Supplies for Dual Power Operation

When two power supplies are applied, use the unique power supply identifiers, HVpp and LV pp. HVpp
is used to supply power for HVpp' 1/0 cells. LVpp is used to supply power for LVpp’ 1/0 cellsand all
internal cells. The power supply voltages must always fulfill the following inequality:

HVpp = LVpp

Caution is necessary because operation cannot be assured if HVpp islessthan LVpp. The following
two conditions are recommended operating conditions.

b HVDD = 33V, LVDD =25V

Below isan example of usein asituation where a dual power supply is supplied to the S1L50000 Series.

IC
Vpp=3.3V ’

S1L50000 series
Core voltage
=2.5V

IC
Vpp=2.5V »

777

Figure 11-1 Example of Use Where a Dual Power Supply is Supplied to the S1L.50000 Series
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11.3 Turning Dual Power On and Off

For dua -power supply chips, the following power-on/off sequences are recommended.

When powering on: LV pp (internal) - HVpp (1/0 unit) - signals

When powering off: Signals - HVpp (/0O unit) - LVpp (internal)

Take care not to leave HV pp turned on while LV pp is off, as this condition adversely affects the chip’s
reliability.

When HV pp isturned back on from the off state, be sure to initialize the internal circuits after power-

on. Thisis because the circuit status cannot be guaranteed due to noise on the power supply, etc. that
develops at power-on.

11.4 1/0O Buffers Compatible with Dual Power Supplies

When adual power supply is used, dual power supply-compatibility 1/O buffers should be used aswell.
Care must be taken so that I/O buffersfor single power supply are not used. Because of this, 1/0 buffers
for single power supplies and /O buffers for dual power supplies cannot be mixed. However, buffers
for testing (ITST1) are buffers for both dual power supplies and signal power supplies.

11.4.1 1/O Buffers for the LVpp System

LVpp system I/O buffersinclude input buffers which input 2.5V signals, output buffers which output
2.5V amplitude signals, and bi-directional buffers which can input 2.5V signals and which can output
2.5V amplitude signals.

When HVpp system signalsareinput into LV pp system input buffers, avery large current flows through
the guard diode within the LV pp system buffers, damaging the quality of the buffers; thus voltages of
more than the LV pp voltage should not be applied.

11.4.1.1 Input Buffers for the LVpp System

The input buffer is comprised of only input cells. The LVpp system input signals include those shown
in Table 11-1.

Table 11-1 LVpp System Input Buffers

(LVDD = 2.5V)
Cell Name Input Level Function Pull-up/Pull-down Resistors

LIBC CMOS Buffer None

LIBCPO CMOS Buffer Pull-up Resistor (75kQ, 150kQ)

LIBCDO CMOS Buffer Pull-down Resistor (75kQ, 150kQ)

LIBH CMOS Schmitt Buffer None

LIBHPO CMOS Schmitt Buffer Pull-up Resistor (75kQ, 150kQ)

LIBHDO CMOS Schmitt Buffer Pull-down Resistor (75kQ, 150kQ)

NOTE : When Ovaueis 1 or 2, the pull-up/pull-down resistance values correspond to 1:75kQ, 2:150kQ respectively.
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Table 11-2 LVpp Input Level Shifters

(LVDD = 2.5V)
Cell Name Input Level Function Pull-up/Pull-down Resistors
LIDC CMOS Buffer None
LIDCDO CMOS Buffer Pull-down Resistor (75kQ, 150kQ)
LIDH CMOS Schmitt Buffer None
LIDHDO CMOS Schmitt Buffer Pull-down Resistor (75kQ, 150kQ)

NOTE : When O valueis 1 or 2, the pull-up/pull-down resistance values correspond to 1:75kQ, 2:150kQ respectively.
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11.4.1.2 Output Buffers for the LVpp System

Use a combination of internal basic cells and output cells when structuring the LV pp system output
buffers. See Table 11-3 to Table 11-4 on the next page, regarding the combinations.

Table 11-3 LVpp System Output Buffers

(LVDD = 2.5V)
Function loL* / lon ** Cell Name ***
0.1mA/-0.1mA LOBST
0.5mA /-0.5mA LOBMT
Normal output ImA/-1mA LOB1T
3mA /-3mA LOB2T
6mA / -6mA LOB3T
Normal output for high speed 6mA / -6mA LOB3AT
Normal output for low noise 6mMA / -6mA LOB3BT
0.1mA/-0.1mA LTBST
0.5mA /-0.5mA LTBMT
3-state output ImA/-1mA LTB1T
3mA/-3mA LTB2T
6mA / -6mA LTB3T
3-state output for high speed 6mA / -6mA LTB3AT
3-state output for low noise 6mA / -6mA LTB3BT
0.5mA /-0.5mA LTBMHT
L ImA/-1mA LTB1HT
3-state output for (Bus hold circuit) 3mA / -3mA LTB2HT
6mA / -6mA LTB3HT
3-state output for high speed (Bus hold circuit) 6mMA / -6mA LTB3AHT
3-state output for low noise (Bus hold circuit) 6mA / -6mA LTB3BHT

NOTES) *  : VoL =04V (LVpp = 25V)
i . VOH = LVDD - 0.4V (LVDD = 2.5V)

*** : Along with the structuring method shown in Table 11-3, the output buffer structure may include structures which
have no test pins. Those customers wishing to use a structure without test pins should direct their inquiries to

EPSON.

Table 11-4 N Channel Open Drain Output Buffers

(LVpp = 2.5V)
Function lo ** Cell Name**
1mA LODAT
Normal output 3mA LOD2T
6mMA LOD3T

NOTES) *  : VoL =0.4V (LVpp = 2.5V)

** : Along with the structuring method shown in Table 11-4, the N channel open drain output buffer structure may
include structures which have no test pins. Those customers wishing to use a structure without test pins should

direct their inquiries to EPSON.
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11.4.1.3 Bi-directional Buffers for the LVpp System

See Table 11-5 to Table 11-6 regarding these combinations.

Table 11-5 LVpp System Bi-directional Buffers

(LVDD = 2.5V)
Input Level Function loL* / lon** Cell Name***
0.1mA/-0.1mA LBCST
0.5mA /-0.5mA LBCMT
Bi-directional output ImA/-1ImA LBC1T
3mA/-3mA LBC2T
CMOS 6MA / -6mA LBC3T
Bi-directional output for high speed 6mA / -6mA LBC3AT
Bi-directional output for low noise 6mMA / -6mA LBC3BT
0.1mA/-0.1mA LBHST
0.5mA /-0.5mA LBHMT
Bi-directional for low noise output ImA/-1mA LBH1T
. 3mA/-3mA LBH2T
CMOS Schmitt 6mA / -6mA LBH3T
Bi-directional output for high speed 6mMA / -6mA LBH3AT
Bi-directional output for low noise 6mA / -6mA LBH3BT
0.5mA /-0.5mA LBCMHT
Bi-directional output ImA/-1mA LBC1HT
(Bus hold circuit) 3mA /-3mA LBC2HT
6mA / -6mA LBC3HT
CMOS L -
Bi-directional output for high speed )
(Bus hold circuit) 6mA / -6mA LBC3AHT
Bi-directional output for low noise
(Bus hold circuit) 6mA /-6mA LBC3BHT
0.5mA /-0.5mA LBHMHT
Bi-directional output ImA/-1ImA LBHIHT
(Bus hold circuit) 3mA /-3mA LBH2HT
6mA / -6mA LBH3HT
CMOS Schmitt L -
Bi-directional output for high speed
(Bus hold circuit) 6mA / -6mA LBH3AHT
Bi-directional output for low noise 6mA / -6mA LBH3BHT

(Bus hold circuit)

NOTES) *

VoL =04V (LVpp = 2.5V)

**  :Von=LVpp-04V (LVpp =2.5V)

*** : Along with the structuring method shown in Table 11-5, the bi-directional buffer may be structured with pull-up
or pull-down resistors without test pins. Those customers wishing to use a structure without test pins should
direc their inquiries to EPSON.
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Table 11-6 LVpp System N-Channel Open Drain Bi-directional Buffers

(LVDD = 2.5V)
Input Level Function lo* Cell Name**
1mA LBDC1T
CMOS Bi-directional output 3mA LBDC2T
6mA LBDC3T
1mA LBDH1T
CMOS Schmitt Bi-directional output 3mA LBDH2T
6mA LBDH3T

NOTES) *  : VoL =04V (LVpp = 2.5V)
** 1 Along with the structuring method shown in Table 11-6, the N channel open drain bi=directional buffer may be

strucutured with pull-down resistors without test pins. Those customers wishing to use a structure without test
pins should direct their inquiries to EPSON.

GATE ARRAY S1L50000 SERIES EPSON 109
2.5 Voltage Library DESIGN GUIDE



Chapter 11: Dual Power Supplies Guidelines

11.4.2 1/O Buffers for the HVpp System

The HVpp system /O cellsinclude input cellswhich input 3.3V signals, output cellswhich output 3.3V
amplitude signals, and bi-directional cells which input 3.3V signals and output 3.3V amplitude signals.

11.4.2.1 Input Buffers for the HVpp System

Inputs are structured from input cells alone. The HV pp input buffers are comprised of the HVpp system
circuits for the initial-stage input, and the next-stage is comprised of LVpp system circuits. The HVpp
system signals are converted to LV pp system signals after which these signal's are supplied to the MSI
cells (internal cell region). The HVpp system input buffers are as shown in Table 11-7 to Table 11-8.

Table 11-7 HVpp System Input Buffers

(HVpp =3.3V)
Cell Name Input Level Function Pull-up/Pull-down Resistors

HIBC LVTTL Buffer None

HIBCPO LVTTL Buffer Pull-up Resistor (100kQ, 200kQ)
HIBCDO LVTTL Buffer Pull-down Resistor (100kQ, 200kQ)
HIBH LVTTL Schmitt Buffer None

HIBHPO LVTTL Schmitt Buffer Pull-up Resistor (100kQ, 200kQ)
HIBHDO LVTTL Schmitt Buffer Pull-down Resistor (100kQ, 200kQ)
HIBPB PCI-3V Buffer None

HIBPBPO PCI-3V Buffer Pull-up Resistor (100kQ, 200kQ)
HIBPBDO PCI-3V Buffer Pull-down Resistor (100kQ, 200kQ)

NOTE : When O vaueis 1 or 2, the pull-up/pull-down resistance values correspond to 1:100kQ, 2:200kQ respectively.

Table 11-8 HVpp Input Level Shifters

(HVDD = 3.3V)
Cell Name Input Level Function Pull-up/Pull-down Resistors
HIDC LVTTL Buffer None
HIDCDO LVTTL Buffer Pull-down Resistor (100kQ, 200kQ)
HIDH LVTTL Schmitt Buffer None
HIDHDO LVTTL Schmitt Buffer Pull-down Resistor (100kQ, 200kQ)

NOTE : When Ovalueis 1 or 2, the pull-up/pull-down resistance values correspond to 1:100kQ, 2:200kQ respectively.
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11.4.2.2 Output Buffers for the HVpp System
See Table 11-9 to Table 11-10 regarding these combinations.

NOTES) *

*k

Table 11-9 HVpp System Output Buffers

(HVDD = 3.3V)
Function loL* / lon** Cell Name***
0.1mA/-0.1mA HOBST
ImA/-1ImA HOBMT
Normal output 2mA /-2mA HOB1T
6mMA / -6mA HOB2T
12mA/-12mA HOB3T
Output for PCI PCI-3V HOBPBT
Normal output for high speed 12mA /-12mA HOB3AT
Normal output for low noise 12mA /[ -12mA HOB3BT
0.1mA/-0.1mA HTBST
ImA/-1mA HTBMT
3-state output 2mA /-2mA HTB1T
6mA / -6mA HTB2T
12mA /[ -12mA HTB3T
Output for PCI PCI-3V HTBPBT
3-state output for high speed 12mA/-12mA HTB3AT
3-state output for low noise 12mA/-12mA HTB3BT
ImA/-1mA HTBMHT
N 2mA [ -2mA HTB1HT
3-state output (Bus hold circuit) 6mMA / -6mA HTBOHT
12mA /[ -12mA HTB3HT
3-state output for high speed
(Bus hold circuit) 12mA 7/ -12mA HTB3AHT
3-state output for low noise
(Bus hold circuit) 12mA /[ -12mA HTB3BHT

VoL =0.4V (HVpp = 3.3V)

:Von =HVpp - 0.4V (HVpp = 3.3V)

*** - The output buffer can create the configuration without test pins, except as shown in Table 11-9. I these output
buffers are required, contact the sales division of EPSON.

Table 11-10 HVpp System N-Channel Open Drain Output Buffers

(HVDD = 3.3V)
Function loL* Cell Name**
2mA HOD1T
Nomal output 6mMA HOD2T
12mA HOD3T

NOTES) *

*k

VoL = 0.4V (HVpp = 3.3V)

: The N-channel open drain output buffer can create the configuration without test pins, except as shown in Table
11-10. If these output buffers are required, contact the sales division of EPSON.
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11.4.2.3 Bi-directional Buffers for the HVpp System
The HVpp system input buffers are as shown in Table 11-11 to Table 11-12.

Table 11-11 HVpp Systerm Bi-directional Buffers

(HVDD = 3.3V)
Input Level Function loL* / low*™ Cell Name***
0.1mA/-0.1mA HBCST
1ImA/-1mA HBCMT
Bi-directional output 2mA [ -2mA HBC1T
6mMA / -6mA HBC2T
LVTTL 12mA / -12mA HBC3T
Bi-directional output for high speed 12mA/-12mA HBC3AT
Bi-directional output for low noise 12mA/-12mA HBC3BT
PCI Bi-directional output for PCI PCI-3V HBPBT
0.1mA/-0.1mA HBHST
1mA /-1mA HBHMT
Bi-directional output 2mA [ -2mA HBH1T
. 6mA / -6mA HBH2T
LVTTL Schmitt 12mA / -12mA HBH3T
Bi-directional output for high speed 12mA /[ -12mA HBH3AT
Bi-directional output for low noise 12mA/-12mA HBH3BT
1mA /-1mA HBCMHT
Bi-directional output 2mA [ -2mA HBC1HT
(Bus hold circuit) 6mA / -6mA HBC2HT
12mA [ -12mA HBC3HT
LVTTL L -
Bi-directional output for high speed )
(Bus hold circuit) 12mA/-12mA HBC3AHT
B|-d|rect|on§1| output for low noise 12mA / -12mA HBC3BHT
(Bus hold circuit)
1ImA/-1mA HBHMHT
Bi-directional output 2mA / -2mA HBH1HT
(Bus hold circuit) 6mA / -6mA HBH2HT
12mA/-12mA HBH3HT
LVTTL Schmitt o -
Bi-directional output for high speed 12mA / -12mA HBH3AHT
(Bus hold circuit)
Bi-directional output for low noise 12mA / -12mA HBH3BHT

(Bus hold circuit)

NOTES) *

1 VoL =0.4V (HVpp =3.3V)

** . VOH =HVDD -0.4v (HVDD = 3.3V)

*** : The configurations of the bi-directional buffer can create other patterns as shown in Tgable 11-11, when there
are pull-up or pull-down connected to the bi-directional buffer, and there are no test pins. If abi-directional
buffer is required without test pins, contact the sales division of EPSON.
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Table 11-12 HVpp System N-Channel Open Drain Bi-directional Buffers

(HVDD = 3.3V)
Input Level Function lo* Cell Name**
2mA HBDC1T
LVTTL Bi-directional output 6mA HBDC2T
12mA HBDC3T
2mA HBDH1T
LVTTL Schmitt Bi-directional output 6mA HBDH2T
12mA HBDH3T

NOTES: * VoL =0.4V (HVpp = 3.3V)
**  The configurations of the N-channel open drain bi-directional buffer can create other patterns as shown in Table
11-12, when there are pull-up or pull-down connected to the bi-directional buffer, and there are no test pins. If abi-

directional buffer is required without test pins, contact the sales division of EPSON.
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11.5 Delay Calculation for Dual Power Supplies

When dual power supplies are used, there will be cells wherein the delay coefficient variability M of
Table 7-1 (Chapter 7) cannot be used in situations such as shown below:

Cellswhere the “Delay Coefficient Variability M” of Table 7.1 cannot be used

* HVpp system input buffers (such as HIBC, HIBH, etc.)
* HVpp system bi-directional buffers (such as HBCIT , HBHLT, etc.)

Toand K Min., Typ., and Max. values for these cells arelisted in the “ Gate Array S1L.50000 Series M S|
Cell Library”. Calculate the delay times using these values of T and K.

(1) The Delay Time (Typ. value) Calculation

The method for calculating the delay time (Typ. value) for dual power suppliesisthe same asthe
method for calculating the delay time (Typ. value) for asingle power supply. Because a high-
precision delay calculation environment is provided, one must note that the calculated delay times
do not match those delay times which are calculated by using the values listed in the “ Gate Array
S1L.50000 SeriesMSI Cell Library”. For input and output buffers, use the values of Ty (Typ.) and K
(Typ.) corresponding to the appropriate operating voltage of the HVpp and the LV pp system buffers.

When calculating the delay time (Typ. value) of the internal cells, use the Ty (Typ.) and K (Typ.)
values for the power supply voltage of the LV pp system.

(2) Delay Time (Min., Max. values) Calculation and Variability in the Delay Coefficient

In the case of single power supplies, the Typ. valueis multiplied by the delay variability coefficient
M (Table 7.1) to obtain the Max. and Min. values of the delay times. In contrast, when dual power
supplies are used, the delay variability coefficients for the LV pp system and the HV pp system are
different, so the Min. values and Max. values of the delay time for each cell are calculated
separately. The Min. value and Max. value of the delay time for a circuit is obtained by adding the
delay times calculated for each cell.

However, when dual power supplies are used, the delay coefficient variability M listed in Table 7.1
cannot be used for buffers such as HIBC, HBCLT, etc. For these type of buffers, the Min. value of
the delay time, for example, would be calculated by using the Min. values of To and K in the cell
library. Also, when calculating the Max. value for the delay time, the Max. values of To and K from
the cell library are used in the calculation.
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11.6 Cautions and Notes Regarding Power Consumption
Calculations When Using Dual Power Supplies

The power consumption cal culations compatible with dual power supplies require the calculation of
power consumption to be split into HV pp and LV pp systems.

(1) Input Buffer Power Consumption (P, [HVpp] and P; [LVpp])

The formulais not different from the formula for single power supply. If we define the power
consumption for the HV pp system as P; (HV pp) and the power consumption for the LV pp System as
P (LVop) then:

K
Pi (HVop) :izzl (Kpi x fi) (W)

Pi(LVop) =

K
Z (Kpixf) (W)
i=1

The sum of P, (HVpp) and P; (LVpp) from the formulas above isthe power consumption of the input
buffer. For input buffer in HVpp systems, replace the 3.3V K when performing calculations with a
2.5V K in the case of the LVpp system. See Table 11.13 for K, values.

Table 11-13 Kpi of Input Buffers in the S1L50000 Series

Vop (Typ.) Kpi
HVpp = 3.3V 6.2uW/MHz
LVpp = 2.5V 3.6uW/MHz

(2) Output Buffer Power Consumption (Po (HVpp) and Po (LVpp))

The formulais not different from the formula for single power supply. If we define the power
consumption for the HV pp system as Po (HV pp) and the power consumption for the LV pp system as
Po (LVpp) then

Po (HVpp) = Z (Pac + Poc)

K
=2

K
Z{(HVop - Voni) % |loni| x Duty H}

{fi x Cri x (HVpp)?} +
1 =1

K
+ Z{VoLi* loLi % Duty L}
i=1
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Po (LVpbp) = X (Pac + Ppc)

K K
:fol x CLj x (LVDD)Z} + X {(LVDD - VoH i) X IIOH il X DUty H}
i= i=1

K
+ Z{VoLix loLi % Duty L}
i=1

The output buffer power consumption is the sum of Po (HVpp) and Po (LVpp) of the formulas
above. When performing these calculations, be aware that theVpp valuesin the HVpp and LV pp

systems are different.
Note: Be aware that the value for V onj is different in the HVpp system thanitisin the LVpp system.

(3) Internal Cell Power Consumption (Pint)

Thisformulais not different from the formulafor the single power supply.

K
Pint = 5 {(Nb x U) x f; x Spi x Kpin} (W)

The power consumption in theinternal cellsis calculated using the above formula.Replace Kyt with
the appropriate LVpp Kpint Wwhen performing the calculation. See Table 9.2 of Chapter 9 for the Kt
values. Using the above, the Poiy power consumpition is calculatption as follows.

Prota = Pi (HVpp) + Pi (LVpp) + Po (HVpp) + Po (LVpp) + Pint
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11.7 Estimating the Number of Power Supply Pins When Using
Dual Power Supplies

Even when using adual power supply system, the magnitude of the allowable current per pair of power
supplies (for both the HVpp and the LV pp system) is the same as for the single power supply case.
Calculate the required number of power supplies separately for the HV pp system and the LV pp system.

* Assuming the current consumption of the HV pp system to be Ipp (HVpp) [MA], the number of
pairs of power supply pins N;pp (HVpp) for the current consumed Ipp (HVpp) is given by:

Nioo (HVob) 2 Ipp (HVpp) / 50 (pairs) : possible to supply 50mA per one pair

* Assuming the current consumption of the LV pp systemto be Ipp (LVpp) [MA], the number of pairs
of power supply pins Nipp (LVpp) for the current consumed IDD (LVpp) iS given by:

Nipp (LVob) 2 Ipp (LVop) / 50 (pairs) : possible to supply 50mA per one pair

In this case, there must be a minimum of two pairs of power supply pins for the HVpp system and a
minimum of two pairs for the LV pp system.

NOTE: When adding power suppliesin response to the simultaneous switching of outputs, distinctions should be drawn between
the HVpp system output buffers and the LV pp system output buffers. Reference Chapter 10 (Table 10-1 to 10-2) when
adding power supply systems for 2.5V system to each. Also, Reference (Table 11-4 and 11-15) when adding power
supply systems for 3.3V system to each.

Table 11-14 Number of Additional Vss Power Supplies Depending on the Simultaneous Operation of

Output Buffers
(HVDD = 3.3V)

Number of Output Number of Additional Power Supplies

Output Drive .
Ability (lor) Buffers Operating
Simultaneously CL<50pF CL<100pF CL<200pF

N

<8

o

6mA

12mA

PCI

ihfW|O|lO|lW[IN|O|Dd|W

IN

N

i
AW [IN|IFPIN|ININIP[IN|FP|PFP
G| |WO|IN|IBAR|IWOWININIWIN|N|PF

[
o
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Table 11-15 Number of Additional HVpp Power Supplies Depending on the Simultaneous Operation of

Output Buffers

(HVDD = 3.3V)
Output Drive Number of Output Number of Additional Power Supplies
Ability (Iow) Buffers Operating
<8 0 1 1
<16 1 1 2
6mA
<24 1 2 3
<32 1 2 3
<8 1 2 2
<16 2 2 3
12mA & PCI
<24 2 3 3
<32 3 3 6
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Simulation Input Timing Waveforms
*The about timing might change with the limitation of the measuring system including a tester.

FILE NAME LTl
INPUT PIN NAME WAVEFORM TYPE
A el = =
NRZ
* SYSTEM CLOCK
B I
o NRZ
C I -
o NRZ
D I -
e e NRZ
N O I A I L
STROBE POINT T rrrrrrtrtrrrrr
—[(—=[——|—|—|—|—|—|——|—|—|—|—|sTrROBE
AP A.P
K—— raE——>)
A.P = ACTIVE POINT
RATE (ns) . (SYSTEM CLOCK)
DELAY (ns) COMMENT
A . Duty
B .
C .
D .
E .
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