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LIEE SUPPORT POLICY

Hitachi's products are not authorized for use as critical components in life support devices or

systems without the prior express written approval of Hitachi America Ltd.

L

Life support devices or systems are devices or systems which,
(A) are intended for surgical implant into the body, or

(B) support or sustain life, and whose failure to perform, when properly used in
accordance with instructions for use provided in the labeling, could reasonably be

expected to result in a significant injury to the user.

A critical component is any component of a life support device or system whose
failure to perform can be reasonably expected to cause the failure of the life support

device or system, or to affect its safety or effectiveness.

1.

2.

When using this manual, the reader should keep the following in mind:

This manual may, wholly or partially, be subject to change without
notice.

AH rights reserved: No one is permitted to reproduce or duplicate, in
any form, the whole or part of this manual without Hitachi’s permission,

Hitachi will not be responsible for any damage to the user that may result
from accidents or any other reasons during operation of his unit accord-
ing to this manual. '
This manual neither ensures the enforcement of any industrial proper-
ties or other rights, nor sanctions the enforcement right thereof.

Circuitry and other examples described herein are meant merely to
indicate characteristics and performance of Hitachi semiconductor-
applied products. Hitachi assumes no responsibility for any patent in-
fringements or other problems resulting from applications based on the
examples described herein.

September 1985 @ Copyright 1985, Hitachi America Lud. Printed in U.S.A.
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INTRODUCTION

This document is provided as guidance to design a system using a HITACHI CMOS GATE ARRAY. The reader is
advised to use both sections of this document in order to gain a full understanding of the techniques and proce-
dures involved.
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11" GATE UTILIZATION FACTOR
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The usual arrangement for laying out gates
in a GA is %o organize the gates in rows
of cells, with gaps between the rows of
comparable thickness to the cells so that
sufficient space is allowed for connec- Master Gates | Max. Usage
tions to be made between cells,
Since layout is performed by a CAD system HD61J 504 450
automatically, as the design becomes more HD61K 1080 970
complex and the total gate count of the HD61L 1584 © 1420
logie design approaches the total number HD61MM 2496 2150
of gates available, routing of the inter- without RAM
connect becomes immensely difficult, re- HD61MM 2496 2000
quiring a long engineering period. with RAM .

To guard against this situation, HITACHI -
recommends that the gate count utiliza-
tion is limited to no greater than 90% for
61J, K, L and MM series (without RAM) and
80% for 61MM series with RAM.

EX.1 Calculation of equivalent gates

Equiv, | Number
Macrocell | gates | used Gate Count

@ |@m |€Ex®

FD
NAL
NA2

6 24 Because input and output buffers are
0
1
NA3 1.5 1
2
4
2

2 fixed at the peripherals of the gate
9 array, they are ignored in the
calculation of total gate count.

NA4
NA6
EOR

0O
=
w

Tetal 84.5

EX.2 TTL logic based diagram

When gate count is calculated with an
equivalent TTL cirecult, refer to the
conversion table in section 6.8.

However, care should be taken when inter-
preting this table since in some situations
the gate count assumes that the whole of
the TTL function is utilized, whereas in
reality only 70-807 might be used.




12 ~ DELAYX, 11VIES

At the time of logic design approximate
caleculations should be made of the delays
that are likely to occur through various
logic paths in the GA.

Logic paths which exhibit delays likely to
cause problems to the customer's design
should then be identified to HITACHI as
'‘Critical Paths'.

Following simulation, auto routing

will yield actual delay times that will
occur in the GA which can then be checked
by the customer to determine that the
design is correct.

The procedure for Delay specification is
as follows:

T-42-11-09
««« Rough

estimation

| Logic simulation |

[ Place and Route |

{ Delay simulation | ... Actual load
capacitance
will be
determined at
DA stage

(1) Rough estimation

During logic design, estimate the
total delay times along the critical
_path.

When calculating, refer to the Macrocell
library for delay parameters, Those
figures are typical, i.e. they represent
typical loading conditions for average
routing length and fan out.

Once the logic is autorouted, more
precise delay times for the user defined
paths are available from the DA for
further analysis.

(2) Designation of critical paths

A critical path should be designated
when the logic diagram is released
to Hitachi.

Delay check report is derived from the
actual routing information.

(3) Evaluation of prototype devices

Hitachi debugs the prototypes using
the test vectors supplied by the
user,

The user then evaluates these in the
actual system in order to check that
timing margins are within the design
specification.




135 'FAN-OUTOLIMITATIONS

If delay times meet the requirements of the
design, then no limitations are placed on fan
out. However, in the case of a clock driver for .
F/F, when the fan out inecreases tr/tf will de- Pover imverter ..... 20
grade until eventually a malfunction occurs.,

T-42-11-09

Maximum fan out for clock drivers

Others ervese 10

<Example>

Clock skew

Unacceptable

When a large fan out is required, it
is necessary to separate the loads
by providing separate drivers.
However, in the example shown, the
driver may cause a malfunction due
to the clock skew between A and B.

Group F/Fs which share the Data in
serial.

Delay the clock supplied to the
front-end F/F rather than the one
which follows.

td =5 ns
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When many cutputs change simultaneously, high
transition currents are drawn through the ground
line. This causes the ground level to swing
due to the inductance existing in the chip.
Consequently this leads to a reduction in the
Vig margin. As a general rule, for the
purposes of reducing ground rise, Vee and
ground lines in PCB should bi ept wide and
short. And simultaneous transitions om output
signals should be restricted according to the
values shown in the table.

T-42-11-09
. Max, simultaneous
Pre-driver transition
Inverter /NAND 12
2 input NOR 16
3 input NOR 18

<Example 1>

I-—-"_ﬂ
——%[:xr——4n01
|
L Sot—ao0:
'
. 1

DO——-DOIZ

Pre—-driver Buffers

In example 1, inverter pre=-drivers
are used. In this case, the output
should be limited to a maximum of
12.

<Example 2>
EN

—>—po-rPo—

Delay td

This example contains 2 sets of
8-bit bus drivers., Dummy gates
are inserted to delay one set of
bus drivers from the other.

In this case, data should be
consistent during the time the
buffer is enabled.

Note: Test vectors should also be
stable during this period.

"td = 10 ns. Typ.




15,  NON.CONNECTED PINS _
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The input pins of uncomnected macrocells are automatically modified by the DA and
connected to either Vece or OV. These levels are determined by DA program according
te the rules described in the cell library. (Refer to Macrocell Library). Inputs
which are not described in the Macrocell library will be connected to "1™ (Vee level)

and "0" (GND level) respectively for AND/NAND and OR/NOR Macro. Inputs to other macros
must be defined by the user to either "1" or a "O".

Under no circumstarices must
these be left floating.

@ = "1" level
# = "0" level

<Example 1>

FDPC 3 All unconnected pins will be modified
@ —CK HQ— as follows:
@ —b —Q— CK, D .... "1I" ilevel

PR CL

: nntt
T cee 1
. PR, CL 0 evel
# —j

<VExample 2>

The DA automatically connects the D
] FD | input of macrocell FD to "1" level.
i L When an "O" level is required, an
+ N . s
& —T—D>°r‘D Q— }nverter should be added i.e, as shown
N in example 2.
& “1" ﬂoﬂ
> fixed to "'O"
l‘lH non “lﬂ .
& —Po—Po—m fixed to "1"

<Example 3>

Example of macrocells which are not
deseribed in macrocell library.

nin :—DD°——— AND/NAND ... "1V
o

OR/NOR cel MOM
EOR/ENOR .., 'O"




together.,

In general it is prohibited to connect multiple outputs
However, a three-state gate in the core arrays
can be used to make the interconnect, provided that
multiple output buffers are not emabled simultaneously.

T-42-11-09
—1—1—
—

Unacceptable

Example 1.

When several ANZs are wired-OR, buffers
should not be enabled simultaneously.

<Example 2>

Floating bus line

EBEF

<Solutiom 1>

EA DA BUS
EB
DB
&
<Solution 2> G
EA —
EB —d

B

8| ¥
a

When a bus line is floating, the logic
level of N1 becomes undefined, and a
current surge is likely to occur.

1. Add another three-state buffer which
is enabled when all others become
off.

2. Disable Gl by adding G2.

<Example 3>

E

E
Di

Enabled when E=1 and E=0

E
b

=

Enabled when E=0

7




2.6, CROAIBITION ON LINKED INPUT CONNECTIONS
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Linked input connections to a macrocell

are prohibited. This principle is applied

to the equivalent input terminals which B —

will produce the same logic function when o o ]

they are exchanged. -+ & —
Unacceptable Acceptable

<Example 1> ZSRPC3

CLA and CLB of ZSRPC3 cell can share the
K single source because their input
—D terminals are not logically inter-
CLA -
PRA changeable.
CLB
PRB

<Example 2> NR2A4N

Allow input to remain unconnected.

Prohibited

1

Correct




1.8 - <CHOPPER CIRCUIT
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Since layout is automatic, delay times cannot
be predetermined. As a consequence, a

detection circuit for a rising or falling _FT_"T:;;;E;E;I:::>>__
edge is not implementable. o

Prohibited

<Example I> Testable example

In order to ensure that the set-up time

is met for F/F types, dummy gates are
CIK D—-[>>——"——————E>>——CK*Q'—“—E>X*———U suggested to introduce a delay.

oT D In such situations, these delay paths
should be designated as 'Critical -
¥ & & & Paths'. (Section 1.2)

<Example 2>

This cireuit is prohibited since the
clock pulse width camnot be defined and

—__[;;;;;;;I:)>4>o——ffi] therefore the circuit is untestable.
1ol

Unacceptable




1.9 °LATCH BUILT WITH DISCRETE LOGIC GATES
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Latch circuit or gate circuit with feed back loop should not be constructed with
NAND or NOR logic gates. Instead, flip-flops or latch macrocells should be used,

<Example 1> Latch

@ Should be replaced by

& — _DQ_

<Example 2> Looped ecircuit with
primitive logic gates

Unacceptable

10
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When internal bus could take three-state, a surge current may flow in the gate which
is driven by this bus line because of the intermediate input level. In order to
prevent these unacceptable conditions the following is suggested:

(1) Do not float the bus line
(2) Gate the successive gates by synchronizing with an enable signal of the bus line

<Example 1>

Gl When the condition Ep=Ep=Eg; occurs a
BUi_‘:D,_ transitional surge current is likely to

occur in successive Gl.

a

;j

Enabled when E=0

Alternative 1

Addition of a dummy NAND gate, G2,
forces the extra three-state buffer to

"0" level, when Ep, Eg and Eg disable
__lc )’— the bus line.

EA—
DA —]
EB
DB
EC
DC

2 |
Alternative 2

The additional gate will disable Gl

EA — el when the bus enters the high-impedance
DA — state,
G2

1

88 8B




111 INITIALIZATION

all gates are in a known state.
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Just after power is applied, the loglc states of latches and F/Es are undefined.
Logic should then be initialized with the appropriate test vectors, otherwise
the design ls not testable, During logic simulation, logic states are also
undefined at t=0. As a consequence, the gates in the core have to be initiated
step by step, starting with the gates nearest to the GA inputs until finally

<Exémp1e 1>

Example of a circuit which cannot be
initialized

FFL FF2

CK4Q CK
o | Lt

Lo

Fr1 | EE2

CK-+Q —HCK+Q
el

When an output of FF2 is fed back to the
front FFl, it is not possible for these
FFs to be initialized.

By providing an external control to
the data input of FF1, FF1 can be
initialized on the first eclock and
FF2 on the second clock.

<Example 2>

o— CK4+6) l—- CKq
o- b _L D
CL '
b

o CK+Q [—CK+Q
o———b —D

(W CL
o—

l._J

In the actual device, this circuit will
be initialized when the data input is
"0" and a clock occurs. However, for
the simulation a problem will occur
because the state of F/F is undefined
when either CK, CL or PR are undefined.

<Example 3>

Undefined
—xd— op—I L
—p
CL +Q XXX

— T
u

Indefinite X Indefinite

CK, CL & PR should be defined states
during initialization,

Even though the relation between X and
Y is evident, both X and Y need to be a
"1" or an |l0l|.

12
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Because the hardware of the tester restricts the number of test vector steps, it is
suggested that in the case of many serially cascaded counters, these counters should
be split into groups and controlled from an external test pin.

<Example 1> Shift register

In this modification, timing of test
DATA such as set-up time and hold time
should be restricted so that testing
speed is not affected.

Adding an output test pin is recommended
to improve the testability from the
Test out| viewpoint of reducing the number of test

E :j vectors.

13
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In order to minimize test vectors, (a situation that occurs when the logic configura-
tion of a particular logic block results in long periods, relative to the maximum

clock rate, between logic state changes), an effective method that can be used is to
include in the logic of the GA a test circuit, controlled (enabled) from an external

pin.
<Example 1> In the example, the repetition rate of ¢L
is much slower compared to maximum
clock rate. To overcome this problen,
FF1 a multiplexer can be placed between
gL the logic bloeck and FF1.
Logic K
block D If the multiplexer switches when ¢L and
TEST CK are both set to a logic "1", a
glitch i$§ likely to occur at the CK
input to FFl.
_ Consequently, it is necessary to switch
Speed up JL the multiplexer when ¢L and TEST clock
21, ) are both set to '0' levels.
Logi FF1
gic
block CK Note: Function of the multiplexer should
not degrade the margin for set-up and
D hold times of FFI. '
Test mode
Test CK

14
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In the event that insufficient pins are available for including test pins, it
is suggested that normal functlon input and output ping would be shared with
those used for test functlons.

<Example 1>

Combining test inputs with normal inputs:

''A TEST'' and ''B TEST'' are enabled

when '"!TEST!' goes to '1'. In this
TEST P
EP—{:>‘ A TES example regular functional pins A-IN
T and B-IN are used as test pins in
A-IN D—D—E: A conjunction with ''TEST'' pin.

B TEST
B-IN B

<Example 2>

Sharing test outputs:

When "TEST" swings to "1" level certain
TEST Ep_{:>___.~______ core gates can be monitored. This can be

very helpful in shortening the test
vectors required, especially when the
technique of monitoring the innermost
core logic directly at the output pin
"""""" via a multiplexer is applied.

Monitoring
point

Regular output

16
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115 ©TEST. CIRCUIT
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A test circuit is often implemented in order to improve the testability of the logic.
The implementation necessarily requires that the timing of the design is such that
glitches which can occur at the switching of modes are prevented, and that the margin
of set-up and hold times for the F/F is met.

<Example 1>
A rr—
A B
5 oK f o '
s D 8 ) L
] cxk Jl na-n
Gliteh
Switching the mode "S" during A = B =
"1" causes a glitch due to the delay at
inverter. Consequently, switching at
A=B=0 is required.
Note: Glitches should be prevented from
occuring in the simulation even though
they are unlikely to occur in the actual
device.
<Example 2>
Margin for set-up time.
F/F may malfunction due to the shortage
oKD g K R of set-up time.
TEST( D
heavy load
TR=150
M | : .
CK - Insertion of dummy step may provide a
— l—thold time | golurion.
TEST
JL ~= l—Set-up time
relaxed pattera

16
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Since the gate capacitance of an output buffer is relatively large, the drivability
of pre-buffer should be considered when designed in. If the timing specification is
tight, a NAND gate or an Inverter is recommended as a pre-buffer.

- Example 1>
tdl = 16.5 ns
tdy
| td2 = 9.5 ns
= {: t/ [: N\ o
This calculation shows that a NAND gate
o is faster than a NOR gate.
tds

i | (Realization of this modification is

Egi:);>{>oii{:>;l_———n necessary to invert the related inputs).

“Example 2>

Pover gates are effective for minimiz-
ing the delay time if employed in a
heavy loaded path., If, lhowever a path
is 1lightly loaded, delay times can be
longer than expected as the load fac-
tor of power gates 1s larger than that
of an inverter.

Al ,Bl Cl

Az B2  C2

17



117 ~CONSTRUCTION OF THREE-STATE BUFFER
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A three-state buffer cell does not provide the control gate but only a pair of C-MOS
transistors. Control gates should be prepared from core gates.

An I/0 common buffer needs to be designed in the same way since control gates are
not included either.

<Example 1>

In the example the output buffer is
enabled when EN = "1" and the output
data has the same phase as an internal
DT signal.

Output buffer cell

<Example 2>

External bus line should not be floating
EN —— since the input buffer in an I/O common

i! buffer cell is always enabled.
internal | ______Dexternal When preparing the test vectors, I1/0
Bus __::E:P___ Bus mode switching timing should be given
careful consideration. (Refer to 5.2
page 49)
EN
internal—““__‘—f:)y—q_ """ 1
Bus - ¢ B} externall
0 N Bus
HDO_:DO—J—l E
> i
b NG
<Example 3> Use of a three-state buffer as an open

drain buffer with a built in pull up
resistor is prohibited.

& —Do—— |
Enable:Do__n—'

DATA
Prohibited

18



118 ~HAZARLDOUS CONDILIVING
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Timings relating to F/F logic should be carefully designed so that pulse width,
set~up time and hold time are kept within adequate margins. (The test vectors for
F/F types should be given careful consideration too) .

<Example 1>

Glitch on clock:

‘ cK CcLK S —
CIK ‘:D+ E | +Q —— e
op—tfoc s cK CcK nG .n

=
o)

‘ |
[+
S
\/
2

Iy CLK M r
CLK Ob-D>o4—] K +Q ﬂl L I'l‘
CK

|
| =
Lﬂ’

<Example 2>

Synchronous counter:

As outputs from synchronous counters

are not exactly synchronized due to

the routing path variations and
differences in the processing parameters
during wafer fabrication, logic should
be designed so that such variations

have no effect.

S Q
R If a simultaneous transition occurs on
//j/"f multiple inputs, glitches are easily
Unacceptable predictable, However, these are not
always observable in the logic simula-
tion.

In the logic design cycle, these logic
dependent glitches and critical- timing
should be studied thoroughly.

19



119 OPERATIONAL RESTRICTIONS ON FLIP-FLOP AND LATCH

All F/F and latch types require that the
following list of parameters be satisfied.
The figures listed are the data referenced
at the macrocells excluding the delay
times along the path.

(Refer to 1.20 regarding synchronous data
transmission).

T-42-11-09

Parameters Symbol | Times (ns)
Clock pulse width | twek 50 min.
Data set up tsu 40 min.
Hold time th 20 min.r
CLR, PR to clock | tr 50 min.
Pulse width CL, R twCL 50 min.

PR, S| twPR 50 min.
R to S tRS 50 min.
S to R tSR 50 min.

<Example 1>

el N R L

DT in

DATA

Delay times from CK in to CLK and DT in
to DATA should be included when the
timings of “CLK" and "DATA" are

analyzed.

<Example 2>

It can be seen from the list of timing
restrictions that F/F and lateh types
are allowed to operate up to approx. 10
MHz. However, it may be feasible to
handle up to 15 MHz depending on the
structure of the logic and the speci-
fication,

Timing chart:

'twcx twex
A Ath tsu
T § -}
DATA——" " HS" b
twer L'r
CL/PR .
twr .‘E.& trs
R /

20




120, <SERIAL SYNCHRONOUS DATA TRANSMISSION

T-42-11-09 7]

An exceptional application of a F/F type is when used as a shift register or

synchronous counter supplied with a single clock and used in serial synchronous data
transmission mode.

<Example 1>

Shift register:

The clock can be shared for multiple
F/Fs if serially cascaded. However,
splitting the clock drivers may cause
a malfunction of F/F types because of
clock skew.

<Example 2>

Countex:

This design is acceptable despite a short
hold time which is less than the
CLK ——{CK +Q specification.

21
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121 DIFFERENCES IN OPERATION BETWEEN SILICON AND SIMULATION
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Reasons for discrepancies hetween the simulation and actual silicon are as follows:

(1) Because of limitations in the simulator model some gates cannot be initialized.
(Ref. 1.10)

(2) Glitches and spikes while possible in a simulation, do not necessarily occur in
the actual device,

(3) Glitches can accur in the silicon due to layout or process variation.

<Example 1>

lell

'dl 'l

-l

B

<Example 2>

S

b=t

FF

oo

CK +Q]—

In the simulation a glitch is observed
at the switching during A=B=1, and it
will enable F/F.

In the silicon, F/F may not respond to
a narrow glitch.

Consequently, it is prohibited to
prepare test vectors that are
conditional on the glitch to enabling
successive gates.

<Example 3>

o>
%D

o] =

—
[ —

Even though the glitch is not observed
in simulation, since there is no
process variation and the timing is
exact, in the actual device these
variations may occur and so too the
resultant glitches.

22
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All I/0 pins can be assigned by the user except power supply

pins.

It is recommended that any noise sensitive functions such as
clock for F/F and lateh and asynchronous clear inputs should
On the contrary, pins
which are a source of noise, such as 8-bit bus drivers which
switch simultaneously, should be tracked close to the other

be assigned close to the ground pin.

ground pin.

NN

[NNY]

G V¢

Vce G

AN

[N\

<Example 1>

1t is recommended that pins that are
not connected (NC) should not be uti-
lized, but should be connected to power
supply pins or be lefi open.

In Gate Arrays, since all processing of
manufacturing is standardized, NC pins
are also bonded inside the mould.
Consequently, excessive voltage at the
package terminals may cause malfunction
or damage the chips.

RESTRICTION ON PIN ASSIGNMENT

Assignment of power supply pins is
fixed. Modification from this standard
should be consulted of its feasibility
for each package respectively.

DP-28 | DP-40 | DP-42 | DP-64 | FP-54 FP-80 FP-100 | DC-28 | DC-40 | PGA72
HDSI3 |GND| L5 | 1L2t]| 122 1,28 Ls |12
vee | 4,28 | 2040 | 2142 27,54 14,28 | 2040
HD6IK [GND| ti5 | 20| w2 ] 1,33 1BH L | L2
vee | 128 | 2040 | 2142 | 32,64 31,72 4.8 | 2040
NC 1,3,22,24,41,43,62,64
HDGIL |GND| 15 | 12t 122 L3 34,74 115 120 | 44,72
vee 14,28 | 20,40 | 2142 | 32,64 12,72 14,28 | 20,40 | 60,65
NC 2,3,22,23,42.43,62,63
HD6IMM | GND 121 1,33 29,41,79,91 s | 1.2
vee 20,40 32,64 2,39,52,80 | 14,28 | 20,40
Vee: 5V £ 5%
GND: OV
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Note 1. LDPCO

o

LDPCO

u

+Q

D

PR CL

-Q

LDPCO

.—_ngCL
e— |

(CL is fixed)

A e Do
3—i0 -Q -

p—

g
LDC1
A—{G WQ|—
B—{p -qf—
cL
c—o—

(PR is fixed)

LDPC0
o g
—p -Q

PR CL

(both PR and CL
are used

]

)

1,

T-42-11-09

While clear is enabled, if D = 1

and G goes high both +Q and -Q
become "'0".

While preset is enabled, if
D = "0O" and G goes high both
+Q and -Q become "O".

Note 2. ZSRCP3

@ —

=D —ip H+A}—~
#* —lcra
# —PRA
# —ICLB +B—
# —\pRB

%—Do—-n

n 1“ lloll

D is requested
to be fixed
l|0ll .

& —>o—I>0—=n
il
"n 1II |I1ll
D is requested

to be fixed
||1|I N

1.

D input of macorcell ZSRCP3 is
not automodified when non-
connected.

The preset function is enabled
synchronously to clock, while
clear function is enabled
asynchronously.

24




Note 3. LibL 1-42-11-09

1. CK and CKN need to be driven by a
power inverter cell, NAP.

oo ?fp 2. Timing of loading data.
H H—{CKN
“““““ —{nc
LOAD —JpL CK 7 7
- %m < LD [ LOAD
DL Wi LOAD DATA
T p—
4 ke e

50ns min50ns min
FDL operates the same way as ordinary
F/F under the condition of L = 0 and
IN = 1.

Note 4. Simultaneous enabling of clear,
preset, set or reset

gell |PR(S) | cnr) +Q -Q
LRSO 0 0] 0 0 Disabling these signals simultaneously
LRS3 1 1 1 1 is prohibited because the logic state
- LR2§20 0 0 0 0 will be undefined after the signals
LR2823 1 1 1 1 are released.
LDPCO 0 0 0 0
FDPC3 1 1 1 1
FJICL 0 0 Q 0
ZSRGCP3 1 1 0 -
Note 5. tr, tf The following waveform is recommended:
20% so% tr < 100 ns
1%y 109 tf < 100 ns
ty ] .
Note 6.

An external pull-up resistor ap-
Vee plied to an open-drain buffer
should be biased within the same
range of Vec or GND as is supplied
to the gate array chip.
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2. DELAY TIMES T-42-11-09

2.1 Calculation of delay times (.....

N 2 -

2.2 Calculation of loading CApPacCitanCe .eeesseiessrnssessssscossenssossarssse 29
2.3 Variation of delay times .......

R |V

2.4 Example of calculation ceivvieiiencecansnnss

I ) £
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Precise delay times for all logic paths in Formula

the GA will ultimately become known once the DA
has auto-routed the interconnect. t
before this stage is reached the designer should PLH
check, by hand calculation, that the delay times

are realizable.

(Refer to the macrocell library for the values

“tO“ & IIKII‘ )

However,

= toLy * KLy ' CL

tpHL = tonL * Ky * CL

LH: Low to High
HL: High to Low

<Example 1> FDPFC3
How to calculate delay
a Delay
. ut- e
Symbol %3 ];';l;ue put ttu,n 1;::) ttpm. I((r::) CU(-—CK+9—F+Q CIK ——
'Name 9LH oHL —D Q}— F+Q __4_—-
PR CL T
= +Ql46l24]39]{16 — | ‘LH
—cK +Q—
—Ip o —| ©|ck
tLH: Low to high at(F + Q)
- 5. . X . . s s
Q 21221851 14 | ihen calculating from a rising CK edge.
1. Select the related inputs (CK, +Q)
CR~ 2.5 3.1
FDL CKN & - . .
—x +Q 2.5 2.1 § 2. Pick out the figures
:glcm*ﬂ— L/LN 7.7 9.0 (torH = 5.4, Ky = 4.4)
—]DL B4 .
—II:N Qi— CK/ 43 3.6 3. Calculate according to the formula
T CKN ) ) t = 5,4+ 4,4 % C
-Q 2.2 14 pLH 4+ 4.4 xCp (ns)
L /LN 10.7 8.5
CK 5.4 sz | L7
FDPC3
ek +o— CL|{+Q |25 {44}12[1L7
— O PR 5.5 - -
D -Q ¢
PR CL CK 6.8 6.8 1.5
—1 CL |-Qlssfasa| - | -
' PR 4.0 1.5 | 15

28
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Loading capacitance is obtained from the summation

of input capacitance and stray capacitance which Effective fan-out
exists in the inter-connection metal layer. EFO =5 NLF

The DA supplies the ultimate precise value of rro.
capacitance, however, during the logic design -
phase capacitance is estimated as 0.4 pF/inverter

gate.

Total capacitance

Cr, = 0.4 x EFO (pF)

NLEF: Refer to cell library

<Example 1> NLF
The value 0.4 pF, which is equivalent to
. the inverter's input capacitance, is the
I —K 9 gK : g'ng basic unit load that represents a typical
1L —p -Q PR : 0'52 F loading including typical routing stray
PR CL CL N 0.56PF capacitance.
14— #UeI0P NLF is the normalized load factor.
Load capacitance = 0.4 % NLF (pF)
EFO=3.4 EFO is the summation of all NLF which are
CL=0.4x%3.4 attached to the output node.
=1,36 (pF)
<Example 3>
r""1p pummmmm e 1 130 pF should be used for output buffers,
Au——%{:> L : E>° H—_ 1 as this is the value that appears at the
[ U [ 3 C,=130pF | tester. This means that the delay times
input output J; are guaranteed at capacitance level of
buffer buffer CL is fixed. 130 PF-
DELAY TIME N
1.5V \C 1Y -Vin Input buffer delay is defined from the
INPUT—— N input reference z.evel (VI)H, Vi) to output
reference level (V Vor) .
F2.2 oH» VOL
== pr
2 0.8V 2.2V
t
PLH PHL
tPHL
tPLH

29
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T-42-11-09
Typical delay times are obtained by the formula showm Variational range:
in 2.1. These values vary depending on the operational
conditions such as environmental temperature, power Min. = 0.3 x typ.
supply tolerance, variation of wafer processing and
as a result of errors existing within the calculation. Max. = 2.2 x typ,
<Example 1> Critical Path:
Indicate the points of origin
. CIK ___ FQ e p 2 g

Ain U"‘D—W-'" L D Bour and termination when the path

is unique.

. Designate the interadjacent

. . nodes when the signal has
Delay checking list multiple routes between the

i . original and the terminationm,
75;1 Critical path Requirement (ns) // ex: AINJ ACLKS & (F + Q)\ABout™\
A in /v B out ™\ 180 [

<Example 2>

Delay times after auto-layout Variation after layout:

Delay times of critical paths which are Min. = 0.4 x typ

calculated using actual loading capacitance,

are supplied after auto-layout (place & Max. = 2.0 x typ

route). .

30
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The procedure for delay calculation for the logic diagram in section 6.6 is shown

-.Example 1> Path 1:

| Clockf ~ FFA + Q\ Vv

CAA f~ A 306y v RCA\

No.| input v output | Cell ®to @( (®EFO ®CL td EF0 = EINLF
- fan out

1 [Clock ~ClockIf| ANI | 7.7|2.0] 4 |1.6]10.9 GL = 0.4 x EFO
2 | ClockIf-FFA+Q\ | FD 3.9|1.6 2.4 0.,96] 5.4 td = to + KCj,
3 | Fra+Q\~CAAf EOR | 4.2 | 4.5]9.0[3.6]20.4

4 | CAAA-A306\ NA6 | 6.0[2.0[1 |0.4] 6.8

5 A306\-A332f VNAZ 1.3|3.6| 4.7 ]1.88] 8.1

6 | A332f-RCA\ NAOT| 4.0 {0.34] - 130 48.2

7 | total 99.8

Maximum delay time = 99.8 x 2.2

= 220 (ns)
<Example 2> Path 2:

Clock If~ FFA+Q f ~ CAAf ™ A3L7\ ~ FFD+2/
No.j input a output | Cell @o @( @)EFO @3[, td

1 | ClockIf~FFA+Qf| FD 4.6 | 2.4 | 2.4|0.96] 6.9

2 | FFA+QfvCAAf EOR |4.2 4.5 9 |[3.6 [20.4

3 fcaamasizy  |ma6 (6.0 2.0 | 1 [o.4 | 6.8

4 |A3L7\VFFD+2 f | NA3 [2.0 3.9 1 0.4 ] 3.6

5 fotal 37.7

Maximum delay time = 37,7 x 2.2

= 83 (ns)

31




32

T-42-11-09



3. TEST VECTORS

3.1
3.2
3.3
3.4

3.5

Definition Of LESE VECLOYS corevesonrtssctonsnsasasstsssassnsnansnasnsass
Fault injection ciiiiiiivseserrasereraesestasaccsnenannees

P R N R N N )

FAUlt COVEIAZE .uersceesassnssssasantaestassssanstostastasanssssasassons

TNIt1aliZAtION «enveaceeansasaneeastsrronnsssssstntsssnssnrsassassssassas

Timing chart and binary coding seuciisaseeetsiencniierenierenennnnsinses
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A test vector 1s the expression of translated functions which should be imple-
mented in the GA. Test vectors are utilized not only for the functional verifi-
cation of the logle but also for final testing during the mass-production

<Example 1> Contents of test vectors:
1. DG parameter test
2. TFunction test
3. High speed operational test.

Fundamentally, functional test
vectors are the only ones which are
usually required from the custaomer.
However, a high speed operational
test vector may be required if fhe
funetional test vectors are not
adequate.

* DC parameter test:
Output level (Vgy, VOL)’ input leakage,
(I11), output leakage of three-state
buffer and/or open drain buffer (Iyg)
are tested., Since these items are
automatically compiled from the
function test vector, it should contain
all logic states within 2000 steps.

* Functional test:
For the functional test the logic
function fault coverage should be
greater than 957,
It is suggested that input/output
timing is similar to that required for
the actual application,.

* High speed operational test:

If requested, high speed tests will

be applied and may be abbreviated if

the required speed is slow. If the

functional test vectors are not

applicable to this test, another

set of test vectors will be re-

quested:

(1) When there are major differences in

delay times from multiple outputs.

(2) When strobe timing is critical
because of high test rate and also
because of large delays due to the
130 pF loading capacitance.

<Example 2> Timing test:

1., Timing tolerance (set up, hold time)
2. GCycle time

3. Absolute delay times

4, Time difference between output pins

< input timing

- test rate

<« strobe timing
<« not applicable




32, cFAULT, INJECTION

The following faults are injected (single stuck
at "1" or stuck at "O".

1. Input of all logic gates - "O" "1"

2. Output buffer - uptr e
excluding: internal gates of macrocell
+ indistinguishable equivalent
faults (collapsing)

Definition:

Q" injection
MY injection

fault stuck at "O"
fault stuck at "1"

T-42-11-09

Injections

AND /NAND nn

OR/NOR I|0Il

EOR "0" |l1|l

D input (F/F) "0" '""
[loll ll1"

Output pin

<Example 1> Equivalent fault:

@

The stuck at "O0" fault at node @
::j:)}—_TE::I:)) equivalent to a stuck at "1" fault at
: node(® In this case stuck at "O"
fault at @)is not injected.

is

<Example 2>0/1 fault injection:

coverage of 100%.
requires the pattern (A,B) = (1,0),
(0,1) to be applied.

A fault is detected by comparing the
CLK —— . fault injected simulation with a normal

OA (fault free) simulation.
Ao ( ) However, faults may go undetected if
incorrect test vectoxs are applied to
9B the input of a particular logic
B function.

In the left figure, a fault shown will
not be detected by the test pattern (A,B)
= (0,0), (1,1) even though this gives a
To detect this fault

35°




33° [FAULT COVERAGE

Faults are ultimately detected at
the output terminals of the GA,
after the error in the logic
function during the simulation is
propagated to the terminals.

Since fault coverage has the
dominant influence on the quality
of the products, the acceptable
coverage level is at least 95%.

Fault

T-42-11-09

detected faults

coverage = T3 T
& total injected faults

x 1002

Acceptable coverage = 95%

<Example 1>

A 0/1 stuck fault is detectable when the
node provides both 0/1 logic levels and
the condition can be observed at the
related output pin. This concept should
be considered when designing test vectors.

<Example 2>

Transition characteristics:

Transition times (Tr/Tf) are not involved
in fault simulation but DC 0/1 levels are
considered. Delay times should be

tested by a separate functional speed
test.

<Example 3>

Detection of level-fixed node:

Macrocell pins which are clamped to Vecc
or OV are excluded from the fault
simulation.

<Example 4>

Detection of clear signal of counter:

CLK
o B
CL CL CL
Clear

FF1 FF2 FF3

CLK

Clear

Detection of signal at the clear pin of
an F/F is achieved by the following
procedure:

1. Set the F/F at "1Y, first.

2. Enable the clear pins.

3. Supply the clock so that the state
of all F/Fs is transferred to the
related output pin.

This example highlights the case which
requires a relatively longer test pattern.
Also, enabling the clear input after
setting all F/Fs to a "i" level is
invalid. This is because when the clear
input is enabled ~Q of FFl goes high.
Consequently, it is not possible to
distinguish if the F/F2 was activated by
CK or the clear signal,
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Just after the power is supplied to the GA, the logic states of all the gates are
initially unknown. Therefore a requirement of the test vectors is that an
initialization sequence should be included as part of the test set.

This is an important consideration, since even though the hardware may allow for
external synchronization, the testing method is standardized and cannot be modified.

<Example 1>'Nﬁmber of vector steps:

The synchronous clear function is often Since the number of test vector steps
employed for counters and for minimiza- is limited, efficient initialization is
tion of the gate count. absolutely essential,

Consequently, F/F types or counters need
a well organized test circuit so that
the whole circuitry can be cleared by
single pulse or within a few steps.

<Example 2> Splitting of test vectors
into separate sets:

It may be convenient to separate the If some portions of the logic remain
whole logic inte a number of blocks and uninitialized, problems may result when
prepare the test vectors accordingly. designing the test vectors for another
Howaver, even in this case, it is portion. Initialization of the whale
recommended that the whole logic is logic can help to minimize the steps
initialized in the first group of since the portions which are not being
vectors that are submitted. tested may operate anyway.
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35 "'TIMING CHART AND BINARY CODING

T-42-11-09 7

Test vectors should be binary coded using the formated test vector sheet.

Timing chart

® [ M
® [

© M\
® |

Procedure for converting a timing chart
into binary coding.

1. - Designate the cycle time of the E%} test rate
fastest input.

2. Specify the clock wave form of (1). PP/NP, delay, pulse width

3. Define the timings of other signals PP/NP, delay, pulse width for the
referring to the clock. clocks & delay time for DT

4, Check the timing of all outputs
assuming 2ero delay for all gates.

5. Calculate the delay times.

6. Designate the output which has the E%} strobe timing
largest delay time (or the smallest
delay time).

7. Decide the strobe timing according

0N

to (6).
Step - 1 2 3 4 5 s .
T.R In order to decide the timing definition,
i operation of an F/F type should be
“I'“TLJ_L_I_'LJ—L considered with regard to the followings:
© LA Ll 1. Set-up time, hold time
L Lls N\ L
© 5 | ﬁ H 2, Timing tolerance between the rising
STROBE I 1 edge of the CK and disabling edge of
Step |1]2]|3[4]s CL or PR inputs on the F/F.
A oft11t]|1]1
B i]ojojo|o
C LIHJL]JH|L
D LILJH|H|L Binary coding
O or
Step [1|2]3]4]|5
A 0]1
B 110
Y LIHJL|H|L| apbreviated
b L H L expression
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4, GATE ARRAY FORMATTED LOGIC DRAWING

4.1 Drawing sheet and template ..ieccvovenicscsntnsrerssescancsons

4.2 Logic symbols (ivevirescenststanannanas I

7-42-11-09

4.3 Allocation Of NAMES tceesestrestaasstsssasassstsorsssesacssasossssances

4.4 U-D Macrocell ,,....... Ceteerrtatetatisetacessaaantes Cerisreienaas
4.5 Placement of symbols .....ie.s Ceiretaessaenne tereaenaee seeraenan

L6 MiSCELlANEOUS «eveensssirtacactnssenssssssesatsssrtassnsssoansse

4.7 Example of Logic Descriptlon ..vivevescesrrorrratrtsrssiorierarcenarananss, 46
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The drawing sheet and templates will be supplied by Hitachi to the customer. Size
of sheet is A3.

(1) Refer to the drawing sheet in section 6.4

(2) Use the template shown below

L R R I R O O I UG UL
R R UL L i | lslls[imllull

S o ) - I o E a

4>DD4<>

DEC, ENC

. COMPLEX, LATCH L MPX etc , FF 1/0 BUFFER
1- - - a " I
2+ - 2] -
34 - ] 3 c 2
4 o 4 | D

6 2 3 4 T 6 7

B

5 012345670°9 <:>

A

ADGDEFGH[JKLMNOPORSTUVWXYZ <::>
@ HITACHI GA 001

(Actual size)
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It is required that logic diagrams be drawn with HITACHI templates.

% Refer to the Macrocell library for symbols. Draw the schematic using the same
function names, terminal names and the sizes as given in the library.

% Complex gates enclosed with dotted 1ines can be described in an abbreviated form

with only the function name.

non—abbreviated case.

The input location will be the same as in the

<Example 1>

> D D Complex gate use

D D D Ordinary gate use

For complex gates enclosed with a dotted
1ine. (Refer to Macrocell Library.)

Function name and terminal name are not
needed for AND/OR symbols.

<Example 2>

NRA23

Function name| Symbol

Symbol No. )

NRA23

D |«

\\-5____,(/"'—-"‘\\\\\\‘_\

COMPLEX, LATCH

L Lt
1

O 1O A

Abbreviated case

T
Function name
should be
designated

The symbol mo. in the macrocell library
indicates which shape should be adopted
while drawing.

An '&' mark should be attached to the
level fixed input pins of a macro.
They will be then clamped to the
appropriate level automatically.

(@ . ltHII # . "L")

The location of I1/0 pins of a macro
should be approximately identical to
that shown in macrocell library.
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PP |
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Each gate should be named using alphabet and signs of +,-, All names should be

begun with alphabetical characters. Each line has its own name if the line is
independent of another. (i.e. if it is not connected).

Limitation on naming:

* Terminals of package ... 2~5 letters
* Macrocell ..i.viievinsees 2-5

* Memory macrocell ....... up to 2

* Three-state gate ....... up to 4

<Example 1> Each macrocell should be named first.
Then,
FF1 . .
CLK 5 (1) Output signal would be named with
wmm& FF14Q macrocell name itself if maero
. provides only one output terminal.
D -Q FF1-Q
(2) 1In case of the macros which provide
multiple outputs, output signals

would be named with the combination
of macrocell name and the output-
suffix such as +Q, -Q, +¥, -Y and
S0 on.,

(3) It is allowed to omit naming the
line which is terminated on a
sheet of diagram.

<Example 2>

Separate node should provide unique

ﬁg___ [: BN o €§_~_. [: ENi | name.

Unacceptable Acceptable

<Example 3>

EA
DA BUS1 Wire-ored lines should not be named

EB respectively but be sharing the name as
shown in example.

DB
Definition
% Macro function name «..function of macro (ex: NA, NR, FD)
% Macro terminal name «..pin function of macro (ex: CK, D, +Q,
-Q)
* Macro name .« unique name given to each macrocell
* Terminal name ...name given to each node
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This macro is used when it is necessary Name Allocation:

to duplicate complex blocks of gates,

thus saving time when drawing the % All nodes inside macro ...

schematic. within 4 letters beginning with
@+/e-

* Input nodes of macro ...
names are constrained to 2 letters
of alphabet.

% Function name ...
these are constrained to 5 letters
with the first letter of
alphabet.,

% Output nodes out of macro ...
exclude "@".

% Symbol size ...
Width: A size of template
Hight: (N+1)x2 divisions of the
drawing sheet, where, N is the
number of either inputs or
outputs whichever is greater.

<Example 1>

It is prohibited to define a UD macro for | In this case:

a F/F type or a latch.

% 1t is impossible to guarantee the
functional operation and the delay
time.

<Example 2> * Nested UD macros are not suppofted.

* T1/0 buffer cells cannot be included

Not applicable in UD macro.

UD Macra
Macro
<Example 3>
% Employ unique names for the nodes in

F______j§{3§§§? ________ ABC a UD macro. For fixed output names
oiX @ +A —a11qQ ang X 24Qf of macrocell, such as +Q/-Q of F/F
O-—ID”_C“Q CK"“—E'°C> -1Y types, the names should be attached

! r—n 4JET'Q[_D 4@%21Q - like the example showr.

1 1

N e T T H % Outputs of UD macros should be named

with a maximum of 4 letters.

—lx 21Q FF12+Q X 21Q Fi‘aa}Q

<Example 4>

The maximum number of 1/0 connections of
either input or output is 40.
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4.9 LLACENVENT O 5YVMBOLS

Symbols need to be positioned in point to
the right so that signals flow from

left to right. Placement in the shaded
area is prohibited as in the overlapping
of symbols.

In order to ensure sufficient space for
routing at least one row in five should
be kept blank. Spacing on colummns
should be for every other column.

T-42-11-09

4%{' ST -

Ul 10

¢ Z400{Symbols \ | &

n D IDI L //

E WSpace 7

r70l | I

= ——

! [T
Dl

<Example 1>
D Q A # Rotation of symbols is not supported.
applicable unapplicable
<Example 2>
! : Cell cannot be placed on first and 13th
_D°'5_ —':—Do— columns,
\-———v——__l
1 colum 13th column
prohibited Placeable prohibited

JE .

<Examp1e 3>

oo
11l

1

v

1
-
1
]
t
1
i
]
]

J S A

- 2 rows occupied

]
o i e oot e o e

1

1

3

1

1

]

!

[FUPHOENE WSy

oS

pace needed
] T b°_

:“ space
i needed
I S -
<Example 4>
Macrocells should be placed every other
column,
i ! i
SO IS IR -
rABcF
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Drawing of lines:

Spacing of the lines is a minimum of 1
mesh. No more than 3 lines can be
connected together to a junction point,
(see example right), and a junction
point should be designated clearly with
solid circle.

The use of templates is recommended at
all times.

Input and output signals should be
described as shown in the example with
signal names, pin numbers and pad. (E))]

T-42-11-09

144

applicable unapplicable

DATA (1 0C—D—Do—0D, U5

Cross reference:

On the machine drawings, if the line is
interconnected over a number of sheets,
the following information should be
listed.

K+« 15, B10O

Location that the line is
connected to

sheet No.

Specification of destination

sink

source

three-state output
three-state control

2N R

1 2 3 4 5 seccrnennsnninee 12 18
A
B
C
Q Cross-reference
R| 7/

.

Meaning of +/-:

~—XK HQ}—

In the case when a macro cell
provides multiple outputs, the
outputs are prefixed with the signs
such as +/-,

+ ¢ True, — : False

1/0 Buffers

Not applicable

Applicable

All inputs and outputs need to
be buffered.
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R 4.7 Example of Logic Description

T-42-11-09

Schematic
description

»
1
HD61J001 TRANS Device type, master type package
HDG1J TYPE DILP28
NB1 01Q8 BLOCK V,W,X,Y,Z
o+ 01Q10 NA @+Q,W, X
@+2 01011 NA e+1,Y,2 UD-macro definition
e 01a12 FD V, €+2

BEND €+0,8-Q
gEOCK gg m:g; Deéscription of 1/0O terminal
DATAA 04 INPUT including pin assignment.
DATAB 05 INPUT
DATAC 06 INPUT
DATAD 07 INPUT
ENAPN 08 INPUT
légﬁ?: ?g :“:3; ~» LOAND is an input pin Iocated at pin 9
ob 11 QUTPUT OD1 of the package.
oc 12 OUTPUT 0OC1
0B 13 OUTPUT O0B1
0A 16 OUTPUT OAl
RCA 17 OUTPUT RCA1
5'5ch1 8}3% ﬁm SlsOCK Detail description of logic
EQ2t 01EZ  ANI LOADN
N 01F2 AN ENAPN
J2 01G2 ANi ENATN
J3 01H2 ANi DATAA
J4 01K2 ANI DATA8
N 01M2  ANI DATAC
8 01P2  ANI DATAD
OA1 01B12 NAOT  FFA-Q
08t 01D12 NAOT  FFB-Q
oc1 01F12 NAOT  FFC-Q
opt 01H12 NAOT FFD-Q
RCA1 0iL12 NAOT  PO701
UDN 01D3 NA uDP
LOADI 01E3 NA E0201
ENATI  01G3 NA J2
B0701 01B7 NA ENLDN
DAALO 01H3 NA J3, LOADI
DABLO 01K3 NA J4, LOADI
DACLO  01M3 NA J5, LOADI
DADLO _ 01P3_ _NA J6, LOADI

1 N } » Cosof 0165 NA UPD, CAD
£0701 01E7 NA ENLDN, CAA
L0701 01L? NA ENLDN, CAA
PQ701 01P7 NA PO601, Q0601 INFUT SIGNALS
€0801 01C8 NA ENLDN, FFA-Q -
de N Siouetow
CAD, CAA unp ENATI "

ENLDN 01F4 NR LOADL, J1, J ““Ef;‘f;il’i??
JOs01 015 NA CAD, CAC CAB, CAA, UDN =
Q0601 0106 NA CAD, CAC, CAB, CAA, UDN, ENATI OUTRUT SIGNAL
FO0B01 01F8 NA CAA, ENLDN, GOS01, ‘10501, FFB-Q i
J0s01 0148 NA ENLDN, J0501, CAB, CAA, FFC-Q PAGEOL
MO0301 01M8  NA ENLDN, CAC "CAB, CAA, FED-Q 3 i § 8
CAA 01C5 EOR FEA+Q, U
CAB 0fF5 EOR FFB+Q, UDN F
CACG 0iL5 EOR FFC+Q, UDN
CAD 01M5  EDR UDN, FFDQ ; )
FFA 01810 NB1 CLOGKI, BO701, E0201, C0801, DAALO Lee ——:D,_.E'»ﬂl G
FEB 01E10 NB1 CLOCKI, EG201, E0701; FG301. DABLO CaD —
EFC 01H10 NB1t CLOCKI, E0201, H0701, 40801, DACLO
FED 01L10 E‘ﬁ.‘; CLOCKI, E0201, L0701, MOS01, DADLO "

46



T-42-11-09

Quiput ‘fmeuoot RTSL
definition CLOCK OUTDEE © Description of §|gnals )vhxch you
D OUTDEF U want to appear in the simulation
gy e
ENATN OUTDEF T (Internal signals can be monitored
DATAA OUTDEF A as well.)
DATAB OUTDEF B Example of list:
DATAC QUTDEF ©
DATAD QUTDEF D EXAMPLE OF LIST
RCA 9] EF_R}—
QUTDEF 1
0B OUTDEF 2
QC QUTDEF 4
QD QUTDEF 8
CAS OgTDE: A
CA QuUTD B . .
CAC QUTDEF C —> Sampling period (ns)
CAD QUTDEF D > Start time of sampling (ns)
lE'SI;-YM 5 Maximum simulation step
ETIME  0,0,400, 250 5 Sampling period and start time for
END = I fault simulation.
Timing *3 — > Test period (ns) per cycle
STL 400.0 TEST RATE fask
CLOCK CLK 0/150, 1/200,0/50
uD SIG | - i I
LOADN SIG F—\%
ENAPN sig T ]
ENA 1 i
DATAA SIG > 1 N
DATAB SiG
DATAC SIG 9 200
DATAD slG Wy
END . 4
Test vectors| "4
INPUT SIGNAL  1-30 ( 1STEP- 60 STEP) L Defines column 1 to column 30 as
1 o1 L I valid
o1 (1} *
1ot
10 10
10 10 > The test vectors from column 1
g: g to column 30 are repeated
o1 o . twice.
1]
LOOP 2
INPUT SIGNAL 1.6 { 61 STEP - 83 STEP)
- . )
g}om > Sequential step number
0 (This is just a comment)
Q
101
01 0
o1 0 .
[ [ - —> This expression means that the
o LOCP 1-2/10- first two steps are repeated 10
END times.
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5. GENERATING TEST VECTORS

5.1 Test vector sheet .vivevsescsssssnnsacns P T .

5.2 Timing definition .iiievenvnaans Cietecarttassetacetnaaans D reeeen 51

5.3 Translation of WavefOXmMS suveeeievenecscaassnsscnss C tresessssestaasanes 53
5.4 Description of test VECLOTS cieereittorsasssssrnassssssisscsscsssssssass 29
5.5 LOOPS civnssessnsennsaasanscsssaisassnns Certeesenan Ceietseairesenneanes . 56
5.6 Restrictions on test cycles .........,...;.............................. 57

5.7 Coding eXampPle .ecceveestetessersastsrtonssssssanstrsetstssssatssarscnsas I8
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51 TEST VECTOR SHEET

T-42-11-09

It is recommended that test vectors are.described on Hitachi format coding sheets.

Coding sheet:

TEST PATTERN CODING SHEET
cusToMER . TYPE NUNSER _ .
WL LT e [ 13 s » " » » n » P
S X ¢ aine fonale (TaTelulr] Ishalalnfale -]
— i Qi My F Y
——F - T EFELE Tt
soilind i ol O 1 TEELE JFFiEEE
S 3 . B ARASRYE
— ] E
“FEEELL
FEr b Y i
[: ‘-;' L]
— = 2 = TTT
- . Vi E LELEE HEdad
R A il L REEELE FL
—LLEye LR EEEET FrTE
HLEE O
NG DEFINITION N FEF EF
2 S
v TOT] CFTe Emmy
[£.8) Fivelf
oo {—H_ i =
— -
rres v r =
- -
e Hw [T =+ CEEEFEERFEEE
S H -
(=] 5
TG ®
=15 1} 2
N )
QrUT TING
IEfrrd e fo
kstio}] - ¥
- T
L § o i
N o
O == rHe
LY L]
S
«STROIE THANG 5 i
3 - prrty FEbEERELY F
1 =
STEST BATE Tau
=
+
(ot o TR - +
1 =T £ 3
QAT O UTRT
00 OPIX DRAIN g
TRt
o
W 1
| I
i )
i:'
1 1
T H
—
) I
|
Tz
13
PAGE oF
® Hitachi,Ltd.
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At first a user should define the timing re- simi
quired for testing. The test equipment provides -timing restrictions
7 timing generators, I, through to I.. I, is

fixed as DT type signal with d= 0. Further, only T i 150 T-(d+w)=20
one strobe timing is available for each set of 3; 20 T-5=30
test vector. s 2 28
Definition: TEST RATE 300ns
SYMBOL | TYPE | d(ns) | w(ns)
© TEST RATE  Ttw) - - -
Ii Io DT - -
‘—!—ﬂ T“‘\ -
] o INPUT TIMING L DT 20
ST TYPe 4 [Ween INPUT Iz PP 50 150
Lior| o | - 13 NP 70 100
Fr i Iy
I:
]
by 15
qu Ig )
— ts OUTPUT | 0y 250ns
%}.\ll.\ﬁ la
= s Bt |
@ STROBE TIMING
L [ se T |
i | |
o L e
1 2 [
so] 150 ;
1s - | S
1 70 | Jo0
e
<Example 1>

% In the example, B has the same timing

—i n as C while D as E. Consequently 3

A e H '_:_L_ ® types of timing are required.
B The timing for output R is different
c— - 1 © from S and requires different strobe
DT @ s timing.
E — i ®&—
R"‘\E‘T-fr"‘""‘“—{!;-'__ ®— For this situation, test vectors need
Sebr Ll & to be run twice with S1/S2 strobe

’&:ﬁ | t | | timing respectively. $1 should be

positioned so that there is a good
margin before output S changes.

51



T-42-11-09

In the actual system, the timing for
I, is different from Iy and conse-
quently the timing of 0y differs from
that of 03. However, during testing
they may not necessarily need to
follow the actual operation, Such
considerations would reduce the
complexity of test vectors.

<Example 2>
*
: [ S LS ===m==emomooen 1
= — N VDo —po—d 01
0, {| ST \T_‘ i :
I:__I \ I:?—D—Do_--_._bo_é o2
\_ L i
% Hyre 1
<Example 3>
*®
! F I— unacgeptabl.
1]
/0 DATA BLS _1 -
Negative —Lﬂ___"‘ out _‘___
Tatch cLK }x[o awitching} %
o= praoblem
_1To , To 4 To
in out b
4 ]

Clocks which have no delay are not
acceptable, nor is the situation of
d +w=T.

iIn the actual testing, I/0 switching
occurs at To. So, latch clock
should be shifted back-wards in
order to improve the hold time.

52




WVad L ANGRANODLAL LAY LYY Y LA UANYLD

Describe the inputs ... 0, 1
outputs ... H, L, Z, X

T-42-11-09

DT 0, 1
Input | PP 0,1
NP 0,1
OUTPUT H, L, Z, X
Note:

1.
2.
3.

PP/NP: Pulse is given when "1"
Z; Hi-Z, X; undefined or masked

Blank: continue the previous state

~
<@
>
Ll

o
)
L
2

B

INPUT

B -

,
=
=]
S

=
o
-t

=
=
-
-
g

[

e

-
=
ol

-

P
-
[
=

L HisZ

OUTP!

=
N
[
=

o P mer s B e e |

L

=
-4

-t n e

T
'
N

[~

H

ti-Z

™
-]
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o

)OUTPUT
on
tester

% Input pattern; describe the state

after a change occurs

DT 0-1 ,.. 1
1-0 ... O
no change ... blank’
PP/NP Pulse given ... 1
no pulse ... 0
no change ... blank
(repetitive)

OQutput pattern; describe the state
at the instant the strobe occurs,

Strobe timing should be set with
sufficient margin.

Strobe after the signal transition
should be determined after
consideration of the maximum delay,
on the other hand minimum delays
should be considered with reference
to the period before the transition.

Open drain; when disabled the state
should be described ''H'' (transition
from an ''L'' to an ''H!''), requiring
a period of time before stability is
achieved depending on the time con-
stant determined by external compo-
nents.
right after the transition should be
masked by an ''Xft,

In this situation the state

* I/0 cbmmon

input mode ... 0, 1
output mode ... X, H, L, Z

1/0 switching occurs at To in the
testing hardware. Thus, if the test
vectors are designed with some delay
time, both input/output shall be
enabled simultaneously.
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To avoid this problem as the cycle
switches it is necessary to insert
a "Z" cycle. A "Z" cycle requires
a well organized input circuit in
order to prevent the "Z" state
affecting the logic function.

T-42-11-09
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As mentioned in the previous sectioms, test vectors are utilized not only for logic
verification but also for final testing in mass production. Therefore high fault
coverage is required. In order to prepare the sophisticated test vectors, considera-
tion of cell-level fault coverage is not as straight forward as describing vectors

to represent the operation of the system.

<Example 1> % If vector group A is just for
verifying the function and group C
A g:::EE;;E? 0 provides all the combinations of

E5§:>°———o inputs; from the standpoint of fault
Co——— coverage cycle 3 is omittable since
it is equivalent to cycle 1.

Vector A Vector B
Thus, vector group B would be the

Gycle 1|2 Cycle most efficient vector set.

Signal Signal 112{3]4

110 E%> 1111010

B 0|0 B oji1t11}o
C 1]1 c 110041
0 L |H 0 LiH|L|H

Vector C
Cycl
el {2 isla|s|e|7]s

Signal
A 1jr|1}1j0f0}0fo0
B ojo|rfjrLjoj0}1|1
G oj1io0|1]0j1]|0jf1
0 HiL|ujr{8|[B|L|L

<Example 2>

o L Q [:x>——43 As mentioned in 3.2 injected fault is
oe—— 7T gy ultimately detected at an output of the
O——?—ﬁCom?lnatlon——-D GA. If many stages of F/F type are
o——L—1Eg§i§_“"J involved before the signal appears at

the terminal, a very sophisticated set

Output of combination logic, DA, needs of vectors may be needed.

to be clocked out to an output of the
GA. .

<Example 3>

Expected outputs can be compared and
checked with the simulation results
done by DA program. Expected outputs
should be ineluded in test vectors
supplied by the customer.

Expected outputs should be described
together with the associated inputs.
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Repetitive patterns can be compressed
into a short number of loop cycles where
the maximum length of a loop cycle is

T-42-11-09

Nesting is not supported.

eLoop of signal block

LOOP 1-1/15

4096. During loop cycles, if it is R
difficult to describe the expected Vectors
outputs, they can be masked (X). Loop n
Expression eLoop of limited columns
Column 17 gA
{ i
Loop of black LOOP 10 Vectors
Loop of limited 1.00P 2-4/15 Loop Sl-el/nl, $2-e2/n2 ......
columns n; loop times, Sn; start column,
en; end column
<Example 1>
l 2 --------------------- 15 16 17 18 19
CLK In this example, 1 through 15 steps both
QOUT inputs/outputs are repeated. If a
. Strai h; ; . o looped expression is employed all the
tralght expression : cycles described in 15 columns are
112 [ 15 {16 {17 |18 |19 compressed into 1 column.
CLK 1
QOUT | L H
+ Looped expression
1l2}3]4
CLK 1
QOUT |L |H

<Example 2>

1213714185 Ferees 15|16 (17 |18} 19
ciLk fpuuunent NN
Q1 I L 1
Q2 I l—|'|

Jalelajals]efz
CLK 1

Q1 LiH| |L

Q2 X L

LOOP 1—4/4

While QL is checked, Q2 should be masked.

An output which changes regularly is
checkable while the loop is cycled.

Outputs that change in an irregular

manner should be masked (X).

In this case, fault coverage may be

degraded.

<Example 3>

Loop Sl-el/nl, S2-e2/n2,

Loop Sm—em/nm

When loop commands cannot be described
in one line, they can extend to multiple
lines with 'Loop' commands at the head
of each line respectively.
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Test vectors should be designed to be as
short as possible in order to achieve a
fast throughput on the simulation,

Also as test vectors are utilized for
production testing, memory capacity
imposes a limitation on the number of
cycles, In the logic design phase, this
limitation should be considered when
designing the test circuit.

T-42-11-09

* Maximum vector set is 10 and every
set requires initialization,

% The maximum number of cycles for each
set including expanded loop cycles is
4000. -

* The total number of cycles before
expansion is 4000.

% Maximum test time is 100 ms.

<1l>

The DG parametric test is generated by
the DA, which supports up to 2000 cycles.
Consequently, all logical states should
be covered within 2000 cycles.

<2>

While a vector is in progress, changes in
input timing definition are not supported.
If an input should change, it is
necessary to separate vector.

<3>

Each individual set of vectors should
provide initialization cycles at the
beginning.

Timing definition is also required
respectively.

DC parametriec test: Vy, V,, input/
output leakage current

Calculation of cyeles required for a
vector:

Ex. 1

[ %0 |
|1 30]
LOOP 3
{1 o 40 |
" Loop 5-10/2

Cycles: 40+30x3+4+6x2+30=176

Ex, 2 Total cycles
[1 40 |
{1 - 30]
Loop 3

{1 40 |

Loop 5-10/2

Total cycles.
40 + 30 + 40 = 110

(Before expanding loop cycles)
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TEST PATTERN CODING SHEET /"EM l
CUSTONER TYPE NUMBER__HD&IJI0C T-42-11-09
TEST PATTERN NARE] R o o gl. s " 18 x n » » n
TIMING DEFINITION 110 Ne. | INGIRE! 1 [N]Plu|T| |sife]n|alL ! - ylo
_‘ j[[gin g.m ) - o7
'F'T"’-‘ w LAY 7
H H w artig i)
H 1 - ENAT, 10} 3 L
H H 1 - FDATA ok 110
e ] ;| .| { Qs i 10
e T R 2418
i H (]
non_ =Wk ! e 7 Tiw A AT TlH
- b : r7 3 HIL{HIL H LiN]E LN NI L L N e IR LN L N LI H G L
i ¢ H X ﬁ 7 H rn e fu] Tl e I T gL 1
e ":‘_F:. LA XS | ; y7i 1 . H H H =
b v o I4-1-r p
H : 1 LIBIBIF Fi
| B .
v H H ]
-t s t:' [
' H H
yiaiphr QiviaigiAly I ala
AR H 1 ACI AL L™ T 4
C"’ SEK g; -1 Y2193 ~ 1 i ; ; {’
SINFUT TIMING LBADN 0 AL VAT-1VA eiziol |7 rials
IoEtYeE] don fWan g : .5 - . 1z 0 /] I 2
B ~ BATAA '] -3 alt v
Ljorjo YLV Y 0 2l olr
h DT 100 - B 1124 9 L 1o
L {PP 150,200 EEA 77 S iTie
Li] rZ3 ad LIH
1 Il o
Al 12 MM
1 r7i ] -
il ! LIB[8P FAEIYRI-1VAF) Ir=uat e
e I ~
(L]
#STROBE TINING
[P Sun
0 250 _§ %
ATEST RATE _Tuu
I #00 ‘, 3
INOTE) 1:0 TYPE -
v =INPUT “
W0Z=1:0 CORMON
0C=CMOS QUTPUT
QZ=3-STATE QUTRUT - g
0D=0PEN DRAIN b
uTRUT e
'\___’—-‘—-

58



6. HITACHI DOCUMENTATION T-42-11-09

6.1 Estimation of gate count veviveereennsanerssnnssesrseorssssassssssrssasans 60
6.2 Path delay check Sheet .uieiieiriecetinnetesensessssnassosoasasrncesaneeas b1
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6.4 Logic dArawing Sheet usueiieireitninretetaatosssocansreensencennas ceeeses. 63
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6.1 ESTIMATION OF GATE COUNT

T-42-11-09
Equ. Sheet No. Sheet No. Sheet No. Sheet.No,
Hacrocell count | n o TEMRE | ols | Cole | pl, | S00RE| oh, | Coime
1 1
Power NAP 2 2
gate NRP 3 3
4 4
| os
2l 1
3l Ls
4| 2
Gate NA 6] 9.5
NR 8 55
9] 6.5
12| 8
16| 10.5
EOR/ENOR 2.5
LD 3.5
LDC1 4
LDPCO 6
Flip- |FD 5
flop FDPC3 8
FDL 6
FJ 9 |
FJPC1 12 |
Latch LRSO/LRS3 3
LR2S20/LR2823 4
s/ |ZSR ' 10
ZSRCP3 12
NRA23,/NAR23 1.5 i
NR2A2,/NA 2R2 2
Complex |NR4A2N 4.5
gate NR8AZN 9.5
NR2A3N 3.5
NR2A4N 4.5
M2TIN 3
Multi-
plexer (MATIN &5
MI1T2N 3.5
Decoder D2T4N 8
i D3T8 12
Tonee ANz
gate NAZ 1.5
ZEQC4 12
Others
Total
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T-42-11-09

(typical) [AFTER
I CRITICAL PATH/ DELAY CHECK PATH REQUEST | ESTIMATE ROUTING

10

11

12

13

14

1§

16

17

18

19

20

Exa-

mple CK _/"~ D10\ 210

D—M%D—\_Do_t D10
w sob f
Note R DS

—1D

Loading capacitance of output pin : 130pF
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637 I/O“TRANSITION TIMING CHECK SHEET

T-42-11-.09
Type No.: Pattern: ) TR= (ns) SB= (ns)
P}KN ﬁiﬁe 1/0 Type| TIMING P gﬁe 1/0 Type] TIMING
1 ) ) 11
2 42
3 43
4 44
5 45
6 46
7 47
8 48
9 49
10 50
11 51
12 52
13 53
14 54
15 55
16 56
17 57
18 58
19 59
20 60
21 61
22 62
23 63
24 64
25 65
26 66
217 67
28 68
29 69
) 70
31 71
32 72
33 73
a4 74
35 15
36 76
37 77
a8 78
39 79
40 80
10 11 I3 138 I4 15 I8
Type DT '
D (ns)| d=o0
W (ns) - .
Ottt = i TN~ 0C @Three-state output = 02 ® 1/0 common = i0Z
® Open drain = 0D (nMOS) Note;Loading capacitance is 130pF
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65 TEST PATTERN CODING SHEET T-42-11-09

TEST PATTERN CODING SHEET

CUSTOMER TYPE NUMBER
TEST PATTERN NME] [ ——LC Lo s 1 1 LI B » 2
volna NGl 1 InTejulT| [st]c]n]a|L -
1 2 .
5
i}
[1]
E]

TIMING DEFINITION

-@

i
I

3
3
.%jé

-]

-
é

v 3
ey

T
-} H ]
STROBE H :
TINING ' [
H 1
—sp i -
r . H
5
9INPUT TIMING
PHTveE dva fWan
ljor] o} - 2
il
I
[7]
T
1
[ [
L
@STROBE TIMING i}
B s
[
i ] =
®TEST RATE Tan
[]
NOTE? 10 TYPE
& =INPUT s
wz=ho
QC=CHOS CUTEUT
QZ=3-STATE OUTPUT )
0D~QPEN DRAUIN
QUTRUT
5
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Product version: Package type:

Pin Assigonment (J,K,L) Series (DP,DC) 28pin
Type No. Customer: - T_42_11_09
PIN M PIN NAME 1/0 typel |PIN M PIN NAME 1/0 type]

1 GND - 15 GND -

2 16 '

3 17

4 18

] 19

6 20

7 21

8 22

9 23

10 24

11 25

12 26

13 27

14 Voo - 28 Ve -

Note : Power supply pins are fixed.

I1/0 types

i ¢ Non inverting input buffer

R 4M2
i0Z : 1/0 common 4 M
. . HD81JxxXxP
0C : CMOS inverting output buffer
JAPAN

0Z ! Three-—state output buffer

0D : Open drain output buffer
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Pin Assignment

rroquct version:

Package type

HD61K FP80 pin T-42-11-09
Type No. Customer
PIN N PIN NAME 1/0 type PIN M PIN NAME 1/0 type
1 NC - 41 NC -
2 42
3 NC - 43 NC -
4 44
5 45
5 46
7 47
8 48
9 49
10 50
11 51
12 52
13 53
14 54
15 55
16 56
17 57
18 58
19 59
20 60
21 61
22 NC - 62 NC —
23 - 63
24 NC - 64 NC -
25 ) 65
26 66
217 67
28 68
29 69
30 70
31 Voo - 71
32 72 VCC -
33 GND - 73
34 74 GND -
35 78
36 76
317 77
38 78
39 79
40 80
Notes : Power supply pins are fixed.
L1/0 types -
it Non inverting input buffer @ 4M2
i0Z : 1/0 common HD61KXxxF
0C : CMOS inverting output buffer JAPAN
0Z : Three-state output buffer
OD : Open drain output buffer

NC Pins should not be utilized.
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AL 10 GALE ARRAY CONVERSION

Notification on conversion
The following conversion table indicates the equivalent gate count when one of
the built-in functions is utilized.

For instance HD74LS139 integrates dual 2-line to 4-line decoders, then
equivalent gate count 8.5 represents one of the two decoders.

Enable 1G
Select 1A
Inputs \IB

>Data
Qutputs

Enable 2G—aD>— o—2Y]

Select fo2aA. 1 2Y2
Inputs ZB:&- 2Y3_,

U

—{ 1Yy

1 1 1Yy

r t T Do—1Y9
——1—-[»— I'—ZD»—IYa

Equivalent gate=b

Fig. 1

This example shows that we have the possibility to reduce the gate count in
reality if we do not utilize all pin functions. '
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o5
z'Q'E
2QE

G-NDE

bl i e

Outputs ©

vSFw A R L FUWERVA TRERE MIWWR /7

] HD74LS393(Dual 4-bit Binary Counters)

Inputd T
Clear

Ctear

Q

Clear
Clear _i>°_
Toput

Qo
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Fig. 3
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HD61J/HD61K/HD61L/HD61IMM

T-42-11-09

The HD61 series is a master slice CMOS gate array using 2-
layer metal interconnect technology. This series has four mas-
ter chips with gate counts ranging from 504 to 2496, and /O
terminal gounts ranging from 50 to 104. These chips can re-
place not only CMOS logic but also TTL logic due to their high
speed of 3.5 ns typ and the compatibility of input and output
buffers at TTL level,

LSl designis fully automated by DA (Design Automation) sys-
tem and a custom LSt is developed based on logic diagram,
timing and electrical specifications and test patterns from cus-
fomer,

FEATURES

¢ Tachnology
Silicon-gate 3-micron CMOS technology
Dual-layer metal Interconnection

¢ Fast operation
Internal gate {2-input NAND, FO =3, AL = 3mm) i

fettte ittt et o35 NStyp

Input buffer (FO=3, AL=3mm}. ..+ v v cvne. . ONStyp
Qutput buffer {Cu=50pF) ... «.ox.24ns typ
Meniory access time (HD61MM) ...........60nstyp

¢ Low powaer dissipation
At 10MH, operation {Internal gate) . . . . . 130pW/gate typ
*  Abundant input and output configuration
Allocation of all pins except power supply pins to
input/outputfinput-output
Output can be CMOS/open drain/3-state
¢  Memoary on-chip (HD61MM)
Flexibility of memory capacity and word organization
Selection of single port / dual port memory

* Wide operating temperature range
-20to +75°C
* Wide package selection
Featuring plastic packages with high pin counts
¢ Powerful design support
User-Defined-Macro
Worldwide network of design and engineering support cen-
ters
* Logic simulation
*  Fault grading
¢ Timing verification (delay simulation)

M LINE UP
] HD61J HD6IK HD6IL HD6IMM
] Gate count 504 1080 1584 2496
I/Q pin count 50 68 68 104
_RAM on chip —_ — — 16 bits x 32 words max.
DP28 Q 0 0 —_
DP40 o o 0 —
8 DP42 L) 0 o —
a8 DP64 - 1] 0 0
A
FP54 ] — — —
Package FP&0 — py P —
FP100 — — — *x
o DC28 o [\] 0 *E
S DC40 0 [\ o ¥
3 PGAT2 — —_ o —_
PGAR20O — — — 0
**Under Development
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B DEVELOPMENT FLOW

The gate array design flow is shown below.

The interface between the user and Hitachi is based on hand-
drawn logic diagrams and test patterns provided by the user.
Hitachi will input these into our computer for logic simulation,

T-42-11-09

fault grading, placement and routing, delay simulation and test
program preparation. After verification of above by user, sam- -
ples will be produced, checked by user and mass production
will begin.

USER HITACHI
Logic Design
i o

te EF3
Hand-drawn system 242
logic diagrams | ‘ o

»EB ¥ 2

—— Entry of mmmead

logic diagram Y

—{  10110...

Test patterns

000110... /
Verification of

machine-drawn logic

NG & Jiagrams Logic simulation |~
NG| | 10110...
L] 00011...
5y 1 1 0 Neaaea
NG Fault coverage < Fault grading  |_____
¥
Placeandroute |~~~ t
""" 1
Verification of Y
NG Critical path critical path Delay simulation & }e<===/
N results critical path analysis p====- ]
[ P P S J 1
1
P COPPPPP P EEe -
| | B
Test program Mask M/T
preparation preparation
Test £ D)
program 2 ) Wafer
Verification of -
working samples Test & '
L [ assembly < Sample
production

¥

production

Mass
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HD81J/HDB1K/HDS1L/HDEIMM

T-42-11-09

H ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Supply Voltage* Vee -03t0 + 6.7 \
Terminal Voltage* )} V¢ -0.3to Vo + 0.3 v
Operating Temperature . Togr -20to 4+ 75 °C
Storage With Bias Thias -20to + 85 °C
Temperature Without Bias “Tag -55t0 +125 °C
Qutput Current Per Output Pin -8t 8
‘ Total IoH 401040 MA
*With respect to GND
Note) Permanent damage may occur if maximum ratings are exceeded.
Normal operation should be under recommended operating
condition, that is GND = (Vin andfor Vout) < Ve
If these conditions are exceeded, reliabitity of LSI could be affected.
M ELECTRICAL CHARACTERISTICS (Vce=5V + 5%, Ta=-20t0 +75°C)
Ttem Symbol Test Conditions min typ max Unit
J Viy 2.2 —  {Vee+0.3 v
Input Voltage 7 03 — 0.8 v
Vou Iog = — 2mA 2.4 — — v
Output Voliage Voo | ToL = 2mA T = 0.4 v
Input Leakage Current Iy VIN = GND or VCC — - 1 zA
Qutput Leakage Current Ito at high impedance — — 1 HA
Internal 2 input NAND, FO = 3, Metal = 3mm - 3.5 - ns
Gate Delay Input Buffer tod FO = 3Metal = 3mm — 9 — ns
Qutput Buffer Cp, = S0PF - 24 — ns
Power Dissipation Iec Internal 2 input NAND, 10MHz — 130 — uW/Gate
Terminal Capacitance* CT Ta = 25°C, f = IMHz V=0V — — 12.5 pF
*This parameter is sampled, not 100% tested,
= INTERNAL GATE DELAY vs = QUTPUT BUFFER DELAY vs
LOAD (REFERENCE) LOAD (REFERENCE)
- .
P -~
e P
0 50
-1 B - s
= .
- 8 — ] ) .
& __‘ﬁg_g-_rs// 7 // 3 ¥
5 - i 7
§ § - // /// 'y - g » Ve < >
: ‘c‘fx/@/ﬁyl s 8 > y -7
JE 2 = u A i
///r\“"‘// _m‘ﬁm e /"'-‘/
s -~ o~ / 10 - / | —"
2 // P 7 ”
/‘
o o5 19 15 0 % 100 150

LOAD CAPACITANCE fpFk

LOAD CAPACITANCE (pF)



HDE1J/HDE1K/HDE1L/HDGIMM

T-42-11-09
= MACROCELL LIBRARY
1. /0 BUFFERS
Macrocell Delay
n - . . Clamp
Funection Equiva- |Normalized Level Symbol tPLH (ns) | tPHL (ns)
— . Lo lent Gate | Load Symbol
Macro Equivalent Circuit Count Factor when No. X « . ‘
Function Name Open OLH|KLH {tOHL|KHL
Yeo
Input Buffer
- D D1 79120167110
ANI N0
Vee 22 . Input See
1/O Buffer ' 3.2 :i\—‘ ~ “Input Buffer"
- <l D2
* Output See
ANIO 65D “3.state Buffer”
Veo )
3-state Buffer — 2.2 X
. - 32 X pL {8.0]0.12]22.0/0.19
_.'
NAOQZ &b
Vee
Output :
e —{ - 4.1 - p1 | 8.5 0.12]23.5{0.19
NAQT G5O
Open Drain
Output S
— i - 3.2 J . ‘b1 | - § - J22.0]{019
GND: .
NAOD
Note) Application of Tri-state buffer
E
o l—C P
Equivalent circuit ‘D,—
: Sy 1
D e e
This control circuit has
to be built by internal

gate
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2, POWER GATES

HD§1J/HDG1K/HD61L/HDEIMM

T-42-11-09

Macrocell

Function

Macro
Function Name

Equivalent Circuit

Equiva-
lent Gate
Count,

Normalized]
Load

Factor

Clamp
Level
when
Open

Symbol

Delay

Symbol
No.

tpLH (ns)

tpHL (ns)

toLH

KLH

tOHL

kHL

Power
inverter

NAP

1.4

1.2

1.2

0.9

1.5

Power-2

input

NAND
NAP

14

1.3

1.9

1.2

13

Power-3
input
NAND

NAP

1.4

2.1

2.0

19

1.7

Power<
input
NAND

NAP

14

2.7

2.2

2.9

2.1

Power-2
input NOR

NRP

14

25

0.9

15

Power-3
input NOR

NRP

14

3.7

3.3

1.5

Power4
input NOR

NRP

14

V99V Y9y

6.1

4.3

76



3. GATES

HD61J/HD61K/HDG1L/HDE1MM

T-42-11-09

Macrocell

Function

Macro
Function Name

Equivalent Circuit

Equiva-
lent Gate
Count

Normalize
Load
Factor

d% Clamp

Level
when
Open

Symbol

Delay

Symbol
No.

tpL (ns)

tpPHL (ns)

tOLH

kKLH

tOHL

kHL

Inverter
NA

—D"_

0.5

0.6

3.0

0.4

2.2

2-Input
NAND
NA

1.3

36

1.0

217

3-Input
NAND
NA

1.5

2.0

39

1.9

34

4-Input
NAND

NA

2.9

43

3.2

4.1

6-Input
NAND

NA

4.5

4.1

2.7

6.0

2.0

8-Input
NAND

NA

5.5

R ReARCAlsllvll

4.7

29

7.7

20

-Input
NAND

NA

L

6.5

Illwl_u

4.6

29

8.2

22

12-Input
NAND

NA

5.0

3.0

9.9

2.2
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HDE1J/HDE1K/HDE1L/HDEIMM

T-42-11-09
Macrocell Delay
- iva. IN ali Clamp

Function el d“d Level Symbol TtpLe (0s) | tpHL (ns)

Macro _ Equivalent Circuit Count Factor when Syglbmt . . —

Function Name Open 0. 'OLHj KLH |tOHL| KHL
::iggut =D 105 1 :} - |s3|30|125]25
NA ]

2-Input

NOR O>— 1 1 :[)cr— - | 1847 10]27
NR

3-Input

NOR = > — 15 1 D ~ |37|68]|14]27
NR

4.Input

NOR 2 1 - |65]85)15]31
NR

6-Input

NOR 4.5 1 - [76]26]36]21
NR '

8-Input 5 _

NOB §>— S 1 %} 105 28 | 3.7 | 2.0
NR

9-Input

NOR §>‘ 65 1 §>V - | 8628|4221
NR

78



HD81J/HDE1K/HDG1L/HDG MM

T-42-11-’09
Macrocell a Delay
" Equiva- |Normalized = TP
- Function Equivalent Cirouit lent Gate | 1.0ad :::’:: Symbol Symbol tPLH (0s) | tPHL (ns)
acro valen Count Factor No. |t k t k
Hemegon Nome Open oLH|kLH |toHL| kHL
12-Input : -
NOR % 8 1 ? 12.1| 2.8 | 45 | 2.0
NR '
:;;Put ? 105 1 %} - |132)30 |49 |21
NR
2-Input .
OB 9D— 2.5 1.4 — |42]45]|39 |20
EOR
2Input
inpu > 2.5 14 :)):)o— ~ |32)25]32]30
ENR
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HD61J/HDB1K/HD61L/HDETMM

T-42-11-09
4, 3STATE GATES
Macrocell Delay )
Function E‘“"“ ::““L o Symbol Symbal tprer (n8) | tppyy (ns)
B Equivalent Gue [Load | Whea ym No. | Input [ Output
g“"‘;‘cehoﬂ Circuit Count | Factor | Open Name | Name {4 Kt | torn | Kear,
T
3-State I . # D 24 1.8
:i\nv“:;:l) D—DO—DT—— 1511 g - 2.6 L9
te: ’ -
R — E/E 1.0 0.4
NAZ
3-State = D 24 3.0
Buffer E 3.5 14 | # Q— - 23 1.7
(Internal) v 1 | e
E 39 2.9
ANZ
5. AND-NOR, OR-NAND GATES
Macrocell Delay
5 Equiva-{ Norma!-| Clamp
Function : Symbal (ns) | tpyy, (ns)
Functh %9‘[“%“‘ A b When Symbol No. |fnput |Output b O | AL
Name ot Count | Factor 1 Open Name [Name 1400 11| Ko | torin)| Ker
e AND
2‘AND‘ Input 2.6 5.5 1.4 2.9
NOR :L"—Do— 15| 1 L [
| NOR
_—- npu 20| - |14} -
NRA23 fneut
2 Wide-
2 Input
AND-NOR 2 1 Al 30 411221} 28
NR2A2
2-OR- o 25]50|19]38
NAND | =Dy s 1 Al
NAND 19| - 12| -
NAR23 Tngut
2 Wide-
2 Input
OR-NAND 2 |1 Al 38 501827
NA2R2
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HD61J/HDE1K/HDE1L/HDSIMM

T-42-11-09
Macrocell Delay
Function ) Equiva. | Normal.| Clamp tors (09) | tegyy, (n9)
- Equivalent o |towd | Woen Symbol o toput ot
g::;:émn Circuit Coumt | Factor | Open Name | Name |tors | Kew §torn] Kur
# - -v|85]51}|38]|26
+Y
4 Wide- 4
2 Input #
AND-NOR a5t # S R
#
# .
+Y | 56/35(9.0]35
NR4A2N
' g D -Y|63}25(105] 3.2
#
8 Wide- ﬁ
2 Input #
AND.NOR 95| 1 # A5
' i :C)—[
#
%" - +Y |118] 34|68 2.4
#
NRSA2N
—v|44]|29]45]31
2 Wide-
3 Input
AND-NOR EDE 3511 A2
+Y[62]40]50]28
NR2A3N
i —Y|45{26{72]|38
2 Wide- £y
4 Input
AND-NOR } asi 1 — Ad
) +Y 94| 495129
NR2A4N
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HD81J/HDE1K/HD61L/HDGTMM

T-42-11-09
6. LATCHES
Macrocell Delay
Function Bauia- Normal-| Tho Symbol symbol tprsr (19) | tpprz, (ns)
Function Equivalent Gate |Loed | When ym No. | logut |Output
Name ircuit Count { Factor | Open ame 1N tores | K L | tomr, | Kerw
. ] N Ll IR Ll PYS all P
RS-Latch 0 R 3.0 33
3|1 A3 |—
Q —_
s 3 3.4 29
-4 -Q 2.3 1.5
LRSO — - I3 5.6 -
e S . 2.9 40 .
s Q 2.3 .8
RS-Latch q R - 5.5
341 A3 '
3 s - 5.8
R = —-Q 2.3 1.8
LRS3 — R 3.0 4.2
3 72 -
252 —1 Q 2.6 1.6
Latch " R 4.5 34
a |1 A4 L
. S 44 3.7
: -Q 2.6 1.7
LR2520 . R 6.9 -
- S 33 6.4
R2S2- - " +Q 2.3 > 2.2
R -~ .
LATCH ) _ a1 Ad
w a s - 7.5
-Qt—123 2.2
LR2523 R 33 6.6
- G 2.7 3.1| 1.7
vl + 2.2
D-Latch S e - D @ 3.4 39|17
35 1 @ —u  e— C -
4 G 4.4 2s 3.6
-Q . 1.3
LD D 5.0 4.4
G 3.5 3.2
LLUCI
D-Latch —d¢ 14| @ —s eq— CL|+Q|28|43|1.2]18
with CLR sl 1| e S RN c LD 42 [39
1 i G 46 4.7
vLR oL CL|-Q!33(23136}]1.6
LDCI
1| # — D 5.2 5.4
3.6
- 14| # LuPCu -(i 66 5_3
D-Latch ¥ y e L o PRI 4 186144 1.9
with —fe . CL 45| ' [34
PRE/CLR 6 C c -2 2.1 6.8
—e  op— . | G | 9.1 5.3
R CL PR )
LR PR | - 4.5 3.1
1 | @ .y = -Q 27— 18
LDPCO —J 1l e CL 1.3
, D 10.5 5.6
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HDS1J/HDS1K/HDS1L/HDSIMM

T-42-11-09
7. FLIP-FLOPS
Macrocell Delay
Function &:‘:lw :‘:ﬂ‘ m Symbol Symbol tpry () | tepyy, (n8)
R Eguivalent Gate |Load | When Ne, Iaput | Output
gl;":‘cetlfm Circuit Count | Pactoc | Open tame |Name |tor o | Kpzg | torm, | Ker,
5 +Q 46| 243916
—ck @ Kk +Q
DFF 6 |1 ]| @ o -Q c |ck
-Qls2i22]s55/|14
FD
— CK 2.5 3.1
p :: g A oL +Q 7 2.5 2.1
DFF with —® of— , @ B N 9.0
Load —— iy 6 | ! @ —ou B4
— t | # " o~
—n Y 1] @ v cK 4.3 3.6
1 -Q 2.2 1.4
FDL DL 107 8.5
CK 5.4 42117
L 1 | e e cL|+a|25]44{12]17
DFFwith] —e ol— 1| e -
PRE/CLR 8 1 c LR 5.8 -
—t o - CK 6.8 68|15
cL 1.: ﬁ —l, CL|--Q|58144} -] —
FDPC3 ) PR 4.0 15|15
L4 7 +Q}38]23}68]|28
—  q— 1 8 e
JKFF e o | 1| # e A c |k
'—OK Q-——-
-Q|50|25[54]23
EJ
CK 7.2 1.5
— 14| @ PR PR|+Q[3.0]23|30](58
JKFF with o9 1| e —: . = 72
PRE/CLR —fex 1] # —qx  -op— c |2 .
i [ Q CK 4.7 10.1
CL PR CL <
— 1 14] @ —Y PR|[~-Q| - | 237]5.7{58
FIpCl L) # CL 44 4.5
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HD81J/HDE1K/HD6HL/HDE1IMM

T-42-11-09
8. MULTIPLEXERS
Magcrocell Delay
Function Equiva: | Normat-| Clamp
—_— 5 i Level . Symbol tpry (ns) | oy, ()
Function Equivalent 'cc;::e l‘f:d When Symbol No. | Input |Ouipar
Name Circuit Count | Factor | Open Name [Name |45 0] Ky orltopr | K,
Y, 3.3 5.0
" g Y, |+Y |44 |32 33828
2tol o 14| # —s l\.\-_
Multi- ~¥ 3 #’ Ny B2 S 38 4.7
plexer \ 1 Ve Y
' [ 44 2.0
3 Yi|-Y|33]42(31]|26
“¥
MTIN s 3.8 2.4
Yo 9.5 9.3
w Y, 8.6 9.6
SHTIN Ya |4 6.2 6.8
] Y .
i ﬁ _ -; Ys 4.8 4.8 5.8 3.7
4tol w s # S N A 113 15.5
Multi- . gs| 1 # g N} - B4 LB 10.5 13.0
plexer " ﬁ = Yo 8.5 7.5
. Y, 8.8 6.3
Y, 6.0 4.6
_Y . .
Y, 5.0 6.7 33 3.5
M4TIN A 15.1 8.5
B 12.0 7.2
Y 3.4 2.6
+0 3.4
A 4,2 3.5 22
v w MIT2N Y
1t02 . # 4 = a1 P2 a5 1235,
Demulti- - 35(14 | @ ] Sy B3 LA 2.9 3.1
plexer -t S Y 2.0 2.3 2.0
| - At En ks
Y 1.6 1.6
MIT2N i 61,5
A ! 2.5 2.3 1.8
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HOO1IAHTI/ADOIL/RDIMN — 1=]4=-11-VD

9. DECODERS/ENCODERS

Mactacell ) Delay
" Equiva- | Normal-| Clamp
Function Equivalent :L m m Symbol i P B tpLr (nf) tpy,-(ns)
g\;;c:mn Circuit Coont |Facte | Open Name |Name 1465740 | Kpor | tone | K
A 33 4,0 )
23 23
B -0 3.4 39
A 1 4,9 4.7 23
B 37| 38|
N — L Y X2 P X PN
+ 0 B 49 4 4717
»—l_ i o= 5 Y
Ho—1 " # —A  +if— A _3 5.1 - 4.7 23
2-bit —n | s | s Bs |2 51| 1as|”
Decoder —'—Dt;* # - —2f— A 0 4.9 p 4.0 21
1 . B +3— o 0
° - B 4.6 4.0
o —— A 5.8 5.5
Y N +1 3.6 2.2
A B 4.6 4,3
A 5.0 44
+2
B 56 37 52 2.5
A 3 5.6 33 5.6 24
D2T4N B 58| 7 |s4|™
={"y— D3T8
=0 fe
=] p— 7 % R P g S
—_— A 2
N S L ¢| TuiE Al
-bit ! | 12 [22] @ s ] Bs| B | 2 [20]39]|19]34
Decoder i = -4 @ —+c -5
. @ e T c | -7
Bty e -3 T
1
A—}-i:: =D
ll_.._.__:-:._— Do—-:
D318
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HD81J/HDEIK/HDE1L/HDSIMM

T-42-11-09
10. OTHERS
Macrocell . Delay
Function . E‘um“' fred s::’ Symbol Syml tprzs (ns) | tpyy, (ns)
— Equivalent Gate flosd | Win No. | Input }Output
gl;rx:leetmn Circuit Count | Factor | Open Name | Name Hor e | Krgy {tonrn | Kar
ZEQCH
; i W Ay
= # ~a A,
e At
4-bit Equal P ) % — ﬁ:
Compa- A 12 | 14 1 B5 11,11 9.0] 69|19
rator n— # Y go
h= # -1 B,
By
ZEQC4
CK 8.8 8.2
Pa3
PRS ZSRCPS CLA| +A [13.2] 442019
} @ —Jek
2-bit SR oE P 14| # o PRA| - [13.8 -
with K=ok *® 12| L) —eas B4
K ~—{ct8 *B
L [ N I R £ FlE| e ck| s8] |[sa2
o | - cLB| +B |13.24.4 | 20| 19
cte
ZSRCP3 PRB 13.8 -
I 78R tA 4612413916
€K €K <l CK  -aA
2biesR | T T e [0 1| S - Bl |CK
@ +B{5.2]22i55]14
ZSR
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HD61J/HDS1K/HDG1L/HDE TMM

T-42-11-09

11, RAM {Only for HDE1MM)

Macrocell _ Equiva- | Noamal:
Function ' Equivalent EL ::4 Symbol i’:“’d Delay
Function Name Circuit Count  |Factar
RAMS
— e 1% ot
N o 1.5bew *
— lef— + o p—
— A [ ol 3b o —
Single Port N PO - + —Ir tf—
RAM 6w dw I
—i wat S £ :
b bits/word —1rc O o 70 - *01 =
w=22 word —ac foot f—m — ae FRTIY S A 60 ns
b=2,4, .., 16
w=1,2,..,32
when b-1210,
the expressions
are like follows,
b1 --8|91 10j11|12}--
Expres-
RAMS sons  |8]%] A}B|C|-
RAMD
e B OMt— +0A
i He— iy —
-1 A A p— +oml
Dual Port ] READA = 2:bw — (30
RAM —] wrT4 = 7+b —wa .
: — e -1 = 3 — 0N e
b bits/words + A 60 ns
w=2% words i R Wt == 3w —] aga o f—me
& 08— + — & +084 e
v=2,4, .., 16 —i 18 f— 70 i T
w=l,2,..,32 —an ot — _ ;'I ronb_
-] READB 181 — rB +181 p—
— was - S -
s ] 0841 frmm S . £ 08ent fre
i 1Bt = — a8 ST -
RAMD
RAM tpd tpd PCC
Pre-charge =80ns = 20ns 28 1 —AE PC—— Bl
PCC

a7
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HDG61J/HD61K/HD61L/HD6TMM
T-42-11-09
B EQUIVALENT CIRCUIT OF RAM (SINGLE PORT RAM)
The following figure is not exactly the same as the actual circuit.
B -
Al | :
1 1 |
AQ—}—y ! I
: | D ! ADDRESS DECODER ;
] i |
1
A e | E
READ —+—— ! t
1 1 i
| PRI RSO < A e e e o J
WRITE I
— 1 e T T 1
O ! ADDRESS CONTROL .
i S e J
8 — e
: | |
1 1
Il ] { :
| : |
' :
i MEMORY CELL !
: |
I
8o— E |
1 |
Ip —.:_ Jo CKT JI
H RECOMMENDED TIMING
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M FUNCTIONAL TEST FOR ON-CHIP RAM

In order to easily test on-chip RAM, the logic design should be done so as to access the RAM directly outside the chip, forinstance in
RAM-TEST MODE.
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T-42-11-09

a TTL TO CMOS GATE ARRAY CONVERSION
{1) Equivalent Gate Count
No. TTL Gate Count No. TTL Gate Count
1 74LS00 1 41 741890 42
2 741801 1 42 741891 66
3 741502 1 43 741892 50.5
4 T4L803 1 44 74L893 50.5
s 741804 45 741895 53
741505 0.5 46 7418107 13
6 74LS08 1.5 47 7418109 13
7 74LS09 1.5 48 7418112 135
8 74LS10 1.5 49 74LS113 13
9 741811 2 50 74LS114 135
10 T4LSI12 1.5 51 7418125 2
11 741815 2 52 741LS126 2
12 741820 2 53 7415136 2.5
13 741521 2.5 54 7418137 31
14 741822 2 55 7418138 19.5
15 741826 1 56 7418139 7.5
16 741827 1.5 57 7418145 22
17 741528 1 58 7415147 36
18 741830 5.5 59 7415148 38
19 741832 1.5 60 7418151 455
20 741533 1 61 7418152 25
21 741837 1 62 74LS153 23
22 741538 1 63 74LS154 77
23 741540 2 64 7418155 16.5
24 741542 24 65 7418156 16.5
25 74L847 40 66 7418157 125
26 741548 42 67 7418158 10.5
27 741849 35 68 7418160 64.5
28 741851 35 69 7418161 - 64.5
29 741854 6.5 70 7418162 58
30 741855 45 7 7415163 64
31 741863 1 72 7415164 82
32 741873 13 73 74LS166 102
33 74LS74 9 74  74LS170 114
34 741875 7 75 7418174 49,5
35 741876 135 76 7418175 33.5
36 741877 7 77 7418181 93
37 74LS78 135 78 7418183 12
38 741583 52.5 79 7418190 84.5
39 741885 63 80 7415191 78.5
40 T4LS86 2.5 81 7418192 63
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HD61J/HDE1K/HDE1L/HDS1MM

T-42-11-09
No. TTL Gate Count No, TTL Gate Count
82 7418193 63 97 7415283 51.5
83 7418194 715 98 7418290 41.5
84 74LS195 56 99 7418298 435
' 85 7415246 485 100 7415299 144
7418247 : 101 7418365 25
86 7418248 48.5 102 7418366 25
87 7418249 48.5 103 7418367 12.5
88 7418251 39 104 7415368 12.5
89 7418253 25.5 105 7418375 7
90 7418257 21.5 106 7418386 2.5
9t 7418258 19 107 7415390 37.5
92 7418259 79 108 7415393 33.5
93 7415266 2.5 109 7418490 40.5
94 7418273 65.5 110 7415668 82
95 74LS279 4 111 7418669 71.5
96 7418280 455 112 7418670 115.5

{2) Figuraes indicated in the table are the guidelines when all pin functions are fully converted.

74LS139 Block diagram

After 1G is tied to GND

Eabhe 1G

Sect 1A p— D -} )
wputs |18 Data l —To—ins
Outputs . " W 9- Dp—iv
m__l_po__ I:D)—m
Equivalent gate=§
Exsble 36— Do—1
Sm
Seler f 24 D9 r
wputs | 28 ———>0—! —— J

Equivalent gate=43

Note: Exact conversion is not necessarily achieved since certain pins are tied to GND level, such as Enable 1G pin of
L.S139 shown above. In this case, the equivalent gate count will be off by 2.5 gates.

Therefore, users might overestimate the gate count by 20 to 30% if the figures above are employed without due consid-
eration.
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B CMOS LOGIC TO CMOS GATE ARRAY
(1) Equivalent Gate Count

- Y Nl e N FAERIRNSTR T ¥

1-42-11-09

No. CMOS Gate Count No. CMOS Gate Count
1 HD14001B 1 41 HD14161B 68
2 HD14002B 2 42 HD14162B 67
3 HD14006B 144.5 43 HD14163B 68
4 HD14008B 4.5 44 HD14174B 48.5
5 HD14011B 1 45 HD14175B 32.5
6 HD14012B 2 46 HD14194B 65.5
7 HD14013B 8 47 HD14501UB 2, 1.5
8 HD14014B 69.5 48 HD14502B 18.5
9 HD14015B 32.5 49 HD14503B 13
10 HD14017B N/A 50 ' HD14506B 11
11 HD14020B 116 51 HD14508B 17.5
12 HD14021B 50.5 52 HD14510B 78.5
13 HD14023B 1.5 53 HD14512B 20.5
14 HD14024B 57 54 HD14514B 55
15 HD14025B 1.5 55 HD14515B 63
16 HD14027B 12 56 HD14516B 78.5
17 HD14028B 26 57 HD14517B 563.5
18 HD14032B 68.5 58 HD14518B 39
19 HD14035B 57.5 59 HD14519B 26
20 HD14038B 80 60 HD14520B 38
21 " HD14040B N/A 61 HD14529B 21
22 HD14042B 16.5 62 HD14531B 30
23 HD14043B 20.5 63 HD14532B 41.5
24 HD14044B 20.5 64 HD14538B N/A
25 HD14049UB 0.5 65 HD14539B 24
26 HD14050B 1 66 HD14541B N/A
27 HD14068B 5.5 67 HD14555B 7.5
28 HD14069UB 0.5 68 HD14556B 8.5
29 HD14070B 2.5 69 HD14558B 53
30 'HD14071B 1.5 70 HD14560B 68
31 HD14072B 2.5 71 HD14562B 768.5
32 HD14073B 2 72 HD14572UB 1, 0.5
33 HD14075B 2 73 HD14583B 12
34 HD14076B 53 74 HD14584B N/A
35 HD14077B 2.5 75 HD14585B 37.5
36 HD14078B 55
37 HD14081B 1.5
38 HD14082B 2.5
39 HD14093B N/A
40 HD14160B 67
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