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Libraries

Y

Process Dependent
incl. Generated Blocks

1,5 = micron ECPD15
1,2 — micron ECPDI12

Process Independent

Libraries containing
Softmacro—Cells

baselib| padlib | analoglb
23

ﬁrmlibl syuelibl macrolib| ‘74]ib| es2cell I

L

|
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\_OVERVIEWS-2 ——
Overview of available ES2-LIBRARIES
Notes:
Revision Date: 23.10.1930 5-2

BASELIB 5-3 == \
===F BASELIBRARY
Part Type Cell Name Description
. : and2 2-Input
Primitives AND and3 3-1ng::
. and4 4-Tnput
nor2 2-Input
NOR nor3 X-Input
eqy Excluslve
nandl I-Input
NAND nand3 3-input
nand4 4-input
or2 2=Input
OR or} XInput
wired or Wired
xor Exclysive
INVERTER not
WIRE wire connect buses
andnorl2 | IS TE#{3}
BOOLEAN andnorl3
andnor22 | (i]1*2)+ (Pwid)
andnor2d | (lI%2) + (B %4 i5)
ornandl2 H*
ornandl3 12 +03 + 04
ornand22 (1+2)MB+id)
ornand23 (il + 2% (i3 + 4 +05)
ornandl3 (1+2+B3)%(B+id+i5)
: baff
. clocked bdffc with Clear
Flip-flops bdffa with Set, Clear
bdffs with Set
(bdffct) with Clear
clocked (bdffsct) | with Set, Clear
transmission (bdflst) with Set
bsdff
clocked scan {bsdffn) with Set
Latch
transparent latche with Clear
latches latchn with Set, Clear
latchs with Set
T [ buffer2 {2 x drive)
g“fefrﬁng f buffer10 {10 x drive)
. “em o Tristate tribufl/uot | (1x drive)
' tribufé (6 x drive)
: sumcar Full
Adde( : sam Boolean
G CaITy Boolean
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MODEL Part Headers for Baselib Parts

and2: and [a(1:2)] > b

andnor12: andnor (1,2) {a(1:m),b{1:n)] —> out

buffer2: buffer2 [aj— b

ceqv: ceqv [a,abar,b,bbar] —> out

cxor: cxor [a,abar,b,bbar] —> out

eqv: eqv [a,b] — out

nand2: nand [a{1:2)] —> b

nor2: nor [a{1:2})] —> b

not: not [a]—> b

or2: orfa(1:2))—>b

ornandi2: ornand (1,2) [a{1:m}),b{1:n})] —> out

sumcar: sumcar [cin,a,b] —> sumbar,coutbar

sum; sum [coutbar,a,b,cin] —> sumbar

carry: carry [cin,a,b] —> coutbar

tribuf2:  tribuf2 [c,cbara] —> b

trinot; trinot [c,char,a] —> b

wire: wire [a{1:%)] —> b(1.%)

wired or:  wired or [a(1:*)] — out e

Xor: xor [a,b] —> out ==F
\_BASELIB 5-4 —

MODEL part Headers

The cell name as referenced by draftis on the
left and the corresponding model code calls
are on the right. Model part calls are gener-
ated automatically for circuits calls that are

Notes:

designed in schematic form.Parts designed in
"text form” directly in modcl code must use
the corresponding functions as stated in the
right column.
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( MODEL Part Headers for Baselib Parts W
bdff; bdff [clk, din] -> q, gbar
bdffe:  bdffc [clk, din, clearbar] —> g, gbar
bdffet:  bdffct [clkbar, d, clearbar} —> g, gbar
bdffn;  bdffn {clk, din, clearbar, setbar] —> q, gbar
bdffs:  bdffs [clk, din, setbar] —> g, gbar
bdffsct: bdffsct [clkbar, d, clearbar, setbar] —> g, gbar
hdffst:  bdffst [clkbar, d, setbar] -> g, gbar
bsdff:  bsdff [clk, a, b, s] > q, gbar
bsdffn: bsdffn [setbar, data, serial data, scanbar, clock)
—> q, qbar
latch:  latch {load, din] —> q, gbar
latche:  laiche [load, din, clearbar] —> q, gbar
latchn: latchn [load, din, clearbar, setbar] —> q, gbar
latchs:  latchs [load, din, setbar] —> q, gbar ===
\_BASELIB 5-5 ==
MODEL part Headers
Notes:
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s < /
Input/Output Cells PADLIB 57 S
Pad =E=5 PADSYMBOLS
Design Pad-limited: use of slim cells (Padlib2) ads e

Core-limited: use of tlat cells (Padlib3)

CMOS Input band bond
, chipsize _ o O] >
g _

core (die size)
TTL Input
Pads(Padlib2] :
or Analogue
Logic

Bl-dir
— : (Tri;l.f-fact) i

Design with flat cells  Chip size reduced by
(Padlib3) means of slim cells
| PADLIBS 6 {Padlib2)

Digital RC
QOscilllator

;

!
|

M

Output

Input / Output Cells

Tristate. = -
Qut_put

Using slim cells (Padlib2) for padlimited de- um. Flat cells (Padlib3) are all 319 um tall and
signs saves unused silicon. Padlib?2 pads are minimum width is 623 um.
all 581 um tall and the minimum widthis 150

— | OpenDrain band
Ogtput b a—O
. .. ) — ! E  on
.Crystal R B O—{ clock
Osclllators | xoup—{O]

Power - |  wigger

Gropnd" o

Notes:
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==+ PADLIB
Pads Padiib2 (slimpads) Padlib3 (flatpads) only 2/1.5um
Name Description Name Description
Ips8b 9
ICMOtS :g:gg ;ﬁ";lﬂﬂu‘-:a ('xpif)l') :gtslc, 125 kg pull-up {typical)
ypic i i
npu Ipsie Schmiltt Trigger(invert) ipfBd 9 ke pull-up (iypical)
Ipade Schmitt Trigger
_ (high drive/norn—invert)
ips8 ipfig
TTL ipsoh | 125 ke pult-up ipf8h 1254 pull-up
Input ipssi 9 kg pull-up ipfsi 9 ka pull-up
Ipsi Schmitt Trigger{invert)
lps4 Schmitt Trigger
(high drive/non-nvert)
Bl-dl loalk CMOS input, 4mA ioflk CMOS input, 4mA
r log2k CMOS Input, 8mA iof2k/3k | CMOS input, 8maA
(Trl;L—act) | los4k CMOS Input, 16mA
los6k CMOS input, 24mA
losip TTL input, 4mA ioflp TTL input, 4mA.
los2p TTL input, BmA iof2p/3p | TTL input, 8mA
: ;| losdp TTL Input, 16mA
_ losép TTL input, 24mA
Digital RC | drco2 10 Hz< ! < 700 kHz
Osclilator
opsiu 4mA opflu dmA
Output ops2u | 8mA opl2u/du | 8mA
opsdu 16mA
opasu 24mA
opsiw 4mA opflw 4mA
Tristate ops2w | E8mA op2w/3w | 8ma
Qutput opsdw |16mA
opséw 24mA
opsiz amA opflz 4mA
OpenDrain| o557  1ama opfzz/dz | 8mA
Qutput opadz 16mA
opa6z 24mA
oscl 5 MHz —>30 MHz
grvs"tla lt osc2 100kHz —> 5 MHz
scilalors| ggca Low—power, 32 kHz
pwrco Core veefr Primary (Reference Pad)
Power pwrcopor| Core,Power-on Reset | vecf Secondary
pwrpy Periphery
gndco Core
Ground gndpy Periphery vsst
\ Cell currents: Sink / Source (Military worst case) )

SOLO 1400 V3.02

LIBS - PADLIRB

\_PADLIB 5-9

' ™
Power—on Reset
VDD[Voit]
_ . Vot |
pwrcopor . . Von ~+ - -
trigger [ = Vep
_ D.....q +.. I Titne
' res[Volt]
Signal 1o activate vbb
power—on reset .
{used for functional !
simulation only) !
. - Time
80-1500ns (rrin, max)
take care: pulse width ==

variation may be 1:20

|

Power—on Reset

The pwreopor can replace one pwrco cell,
where power—on—resct is needed.

Operating Voltage Vo, (1V typ) gives the
minimum supply voltage when res is active,

When VDD exceeds Vg {2.86V typ), res will
be inactive,

Noles:

When VDD drops below YV, (2.65V typ), res
will be active.

To make the por cells testable always follow
the corresponding application note !
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r ™ { . . . . N
. Digital Power Rail Concept for Padlib2
0 . .
: ~minor ground rail does not pass through the bottom left;
05¢1 can be used with fundamental and overtone ~Padlib3 —> minor rails do not exist
crystals in the range 5-30 MHz; if top right corner has Padlib3 pads on either sides, main power does
not pass through; .
It overtone crystals are used, the fundamental _ j , main ground
frequency must be suppressed with a corre- I : o — main power
sponding LC network. Example :30 MHz crystal 3rd - I G, [ : o e
o " I T SR JTIE - gndco
;g‘ e e ',.‘ B : i ) L] .
o i : ek : t
L Cont o+t ‘mt
05¢2 is designed for use with fundamental crystals xin T MY
in the range 0.1-5 MHz; . - ’ H . g
Freguency range: ) : +t + st ninor groun
Cext=0 5 MHz  (typ) £301-5MHz osc2 ) JHF minor power
Cext=20pF 2MHz (typ) xout i : : TITETTTRTITSYY) P
Cext=50pF 0.4MHz (typ) PV —— . | L L I T e
Cext=200pF  0.1IMHz (typ) ¢ Y == i T T ===
\_PADLIB 5-10 Thea - === \_PADLIB 5-11 pwreo =
External Components of Crystal Oscillators Digital Power Rail Concept for Padlib2
The osc3 is for 32 kHz use only and needs no Take care when using the osc cells in applica-
external capacitors. tions different from the ones described here,
-
Notes: Notes:




SOLO 1400 V3.02 LIBS - PADLIB SOLO 1400 V3.2 LIBS - PADLIB

s . - ™ ( 0
Digital Power and Ground Supplies pees alogue Functions
Core and Periphery must be supplied Padrilhg :
Core Lot

o

aghdew

supplied by minor Vdd from the bot-
tom left and by minor Gnd from the top
right.

Analogue Functions are realized as spe-
cial pads (analoglb) in the I/O-ring.
Padring

Digital pads are supplied by all power
and ground rails (4 in padlib2, 2 in
padlib3).

Together with a seperate power supply archi-
tecture this ensures the specified performance

For each of these rails one corre- C (i.e. accuracy and digill noise decoupling).
sponding pad must be instanced.
] e cw : clockwise cut ac : anti-clockwise cut
Analogue pads are seperately
supplied by special analogue power @
and ground pads. A
S: Stages Core avddac
R: Row — =
C: Column =5 ==
\_ PADLIB 5-12 — \_FADLIB 5-13 e
Digital Power and Ground Supplies Analogue Functions
Always keep in mind that additional power Because the analogue functions are realized limits are the same (i.e. 5V).
pads (i.c. pins) may be nccessary in order to in the same process as t.hcir digital counter-
properly supply the chip ! — paris, the supply— and input/output vollage
Notes: Notes:;
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4 ™
Available Power and Ground Pads

Digital (padlib2)

pwWrpy power for periphery (connects to main Vdd)

gndpy ground for periphery (connects to main Vss)

pwrco power for core {and periphery) (connects to minor Vdd)

pwrcopor as pwrco, but with power—on reset

gndco ground for core (and periphery) (connects to minor Vss)
Analogue (analogib)

avddac power supply pad (anti-clockwise rail cut)

avddcw power supply pad (clockwise rail cut)

agndcew ground (clockwise)

agndac ground (anti—clockwise)

benefits: core is isolated from output buffer switching noise, __ ____
and input and output buffers are decoupled _——==

\_PADLIB 5-14 =

Avaiable Power and Ground Pads

Notes:

SOLO 1400 V3.02 LIBS - PADLIB
4 )\
Mixed Anal - Digital

Annlogued g ||l | ] 1
power and ~ ) minor ground
ground rail 4 HATQIDM E i minor power
pamemann oot G gndco
1.1111177% CORE gndpy
: ' |- main power
b oeeeeeen N main ground
i
8 pwrcopor csn
be used in place
of one pwrco p—— A
\_PADLIB 5-15 ==

Mixed Analogue — Digital

LT

Notes:

s
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\
f Analogue and Digital Pad Placement
Analogue Pads have the same height (581um) as Padlib2 pads and may
be used anywhere in the peripheral area, provided that the digital anc
analogue power supplies are kept consisient.
l analogue
[] digital peripherie (+,-) )supply
E]E] digital core (Vdd, Gnd)
set D l set D [ I
o e e e A
H 1 t -1
| | | I
t § : =
set A : : | 1
| | 1 ]
' | : |
|+ ! P+ ]
e 4 e ——— 4
+ + setD
mandatory l ! u
pwrco -
\_PADLIBS-16 =i

Analogue and Digital Pad Placement

Notes:

Al
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™
( Analogue and Digita) Pad Placement continued
@ not allowed !
l i digital pad not allowed
m.m‘ ogue within analogue set and
I] digital peripherie (+,-) )supply core not supplied with
[=] digital core (Vdd, Gnd) minor Vss
[ ] _set A O
i’ - 1
- '@
1 |
| |
I |
: |
=] I, i
) |
[ = J
\_ k I+I set D |:] I I
not allowed ! ’
core not supplied gndco mandatory Lo
with minor Vdd supply digital pads on ==
both sides ==
\_PADLIBS-17 =

Analogue and Digital Pad Placement

Notes:
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Power and Ground Cell Rules
~Placement

i d PADAUDIT
—Electrical Rules } checked by Solo comman

@ Core must be adequately powered :
—~one pair of pwrco (bottom left) and gndco (upper
right) for max. 40 mm? core and 68 Pads

—must be placed within 16 Pads of the corner

® Peripheral output cells must be adequately powered :

current limits:
pwrpy:
gndpy:

80 mA (ind) (20 opslu}
64 mA (ind) (16 opslu)

if the current limits are not exceeded the max. distance is:
pwrpy-pwrpy: 15 mm {(wors()
gndpy-gndpy: § mm (worst)

—

ii

I

Power and Ground Cell Rules

Notes:

10
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\_PADLIB5-1%

Relaxed Power and Ground Cell Rules

relax option (on} to PADAUDIT allows

— & relaxation of all standard rules by a factor of 2
-~ double bonding

But parametric figures cannot be guaranteed ~> Derating:

0.4V for VIH and VIL

0.2V for VOH and VOL
eg. TTL input VIL
VIH

max
min
min
max

0.4V (std. 0.8V)
2.4V (std. 2.0V)
VOH 4.0V (sid. 4.2V)
VOL 0.7V (sid. 0.5V)

with double bonding the following limits exist for the
corresponding py-pads;
I < 48mA (ind)

CMOS output

/

J

|
i

1!

Relaxed Power and Ground Cell Rules

Take care of reduced specs when using the

"relaxed” option !

Notes:
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s ™ (" )
Double Bonding terfacing with relaxed rules
Allowed only for adjacent co—py pairs of pads: pwrco-pwrpy
, gndco—gndpy
Core CMOS_ | Aq1c | CMOS
Area {CMOS)
A [pwreol fpwrpy
c D Peripheral Take care: relaxed rules not recommended in the following cases:
Area
¢ L. 'I'I‘L\ /
leadframe L‘Z{ ' ' 7 Mo \
I <48 mA \
I oo™ —
pin | [1] == A~ =7
|_PADLIBS-20 =) \_PADLIBS-21 —
Double Bonding Interfacing with relaxed rules
When working with relaxed rules especially
the derated VIL and VOL limits can cause
— problems when interfacing to TTL.
Notes: Notes:
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==35F ANALOGLIBRARY

i}
Part Type Cell Name Description
Converter ADCS (adc8p&adc8s) 8-Bit Suc. Appr. , 5.6us
ADCMX4 (adcmx4p&adc8s) | 8-Bit Suc. Appr. with four/eight
ADCMXS8 (adcmx8p&adc8s) | Multiplexed Inputs , 5.6us
dac 8 Bit Resolution 1/4 Bit Non—
Linearity Potentiometric DAC
R ‘ dac2 10 Bit potentiometric
S opl1,12,13 High speed
Operational | ;15,2753 High drive capability
Amplifiers op31,32,33 Low power
e . opdt,42,43 High speed, line driver
R comp21,22,23 Low power
Comparators | comp31,32,33 High speed; rail to rail common mode|
E | compdl,42,43 Zero offset; strobed; sample & hold;
. common inode
Iﬁput]Output aimuxl,aomux1 High Channel Separation
Multiplexer aimux2,aomux2 Low On—Resistance
Voltage bgr 1.25V Band Gap Reference
References vref2 Potentiometric Reference
RC-Oscillators] v<ol Voliage Controlled (sym. duty cyck)
o arco Resistor— Capacitor(asym, duty cycle)
Digitally pgadecl,2,3 8 different gain steps; decimal
Programmable | pgalinl23 16 different gain steps; linear
Gain Amplifier pgalogl,2,3 k6 different gain steps; logarithmic
o ledcoml.2.3 6 Phase Backplane Voltage
Triplex LCD ledvrel Reference Voltage Pad
| ledxyz 6 Phase Segment Voitage
Wired OR - analogwiredor Connecting analogue outputs
avddac Power Pad anti~-clockwise
Pads avddew Power Pad clockwise
agndac Ground Pad anti—clockwise
agndcw Ground Pad clockwise
ain Analogue input
\ - sout Analogue output )

47

SOLO 1400 V3.02

LIBS ~-ANALOGLIB

lator.

\_ANALOGLIBS-23

An aceurate analogue simulator (such as SPICE) is generally "slow”,
when compared to their digital counterparts,

For this reason ES2 has developped the following solution :
L. Characterisation of analogue cells via H-SPICE.

2. Extraction of the results into a digital simulation model (incorpo-
rating constraint checking e.g. Common Mode).

3. Thus the analogue functions can be simulated with a digital simu-

J

Analogue Simulation

J

|
|

{

li

Analogue Simulation

Notes:
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(" ™
Representing Analogue Signals
Digitall
8-bit digital bus —> represents a single analogue wire

Value on Bus Voltage
Decimal Binary Hex Represented

0 0 0 0.0000

1 1 1 0.0196

8 1000 8 0.1569

15 11 F 0.2941
63 11111 3F 1.2353
128 1000 00GO 80 2.5098
160 1010 0000 A0 3.1373
192 1100 0000 co 3.7647
240 1111 0000 FO 4.7059
255 1111 1111 FF 5.0000

\_ANALOGLIBS-24 =

Representing Analogue Signals Digitally

The minimum resolution is 19.6mV.

Notes:

SOLO 1400 V3.02

LIBS - ANALOGLIB

Inp(0:7) o

DECADE

Programmable Gain Amplifier
pga.. 3

vand(0:7) o-ji——-

LINEAR
?aln sel2 sel1 sel0. Galn 'sels_ oelz_ sol1 seld

0 o0 .0 1204500 0

125 0 " 0. 1 27070 0 1 0 1 0 0 o0 0

2 o 10" 3.0 0% "0 2 1260 0 0 I

5 .0 2141 0 45005001 1 4 158 0 0 1 0

10 1700 : o o 6 19% 0 0 1 1

20 1 0115 1 1 1 0 R

50 1 1 o0 1.1 t 1 1 3036 1 1 1 A
100 1. 1 A
\ _ANALOGLIB5-25 =

J

non {enable)
D out(0:7)

sel0 (Isb)
sell
sel2

*
sel7* (msb) not used by

pgadec

LOGARITHMIC
d BGaln sel3 sel2 sell seld

Programmable Gain Amplifier

Non-inverting PGA consist of an OpAmp
with a resistor network. Digital decoding log-
ic is used to select different gains. Note the
usc of the standby mode withon (input) at low
level, out is connected to vgnd (virtuell
ground) via the resistor network.

Notes:

Decade: gain from 1 1o 100 in 8 different
steps.
Lingar: gain from 1 to 16 in steps of one.

Logarithmic: gain from 0 dB to 30 dB in steps
of 2dB.
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Pr mmabl

in Amplifier

\_ANALOGLIB5-26

/

U}

|
|

Programmable Gain Amplifier continued

ll

Each series of PGAs has three different bond
versions.

If an input is stated " 1" it may additionally

be connected to an intemal analogue signal

Notes:

749
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Comparator 2x and 3x
compx1 compx2
inn{0; on
4 1an{0:7)
on I = out
B out o
(W] D—E !_I +
o=+ Inp{0:7)
Inp(0:7
compx3
\ ANALOGLIBS-27 ==
Comparator 2x and 3x
Note the use of the *standby’ mode, output
high Z, with on (input) at low level.
Notes:
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-
( rator ) 0] s (0 op3x_and opdx h
inn(0:7) i out(0:7)
! o-{i-<
Inp(0:7) o
I
| Continuous operation |
hold
strobe
hold _/__\_
output - (___data valld on
C N Input volt- .
omp ae:e ::mp‘llgd ' Inn(O:T)n——E]]———- -
[ Non-continuous | I opx3[>
strobez [ I"p(omu_[n}fﬂ *
hold Input Comp Output Comp ey out(O:T)D—E} ===
\_ANALOGLIB5-28 sampled valld i \_ANALOGLIBS-29

i

Comparator 4x Operational Amplifiers

Strobed comparator with offset compensa-

The output signal is valid after strobez
tion; inp(0:7) is sampled while hold is low,

changes from high to low. The output is high

when strebez is high. .
Comparison after hold changes from low to

high. Out (Output) low if on at low level.

Notes:

Notes:

77
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Use of AIN and AOUT

Example for ain :

out(0:7p—E} < on

in(0:7)o—{0—=o

ain
out(0:7)

width (op31) = 305 um;

\ ANALOGLIB5-30

width (op11 + ain) = (282 +180) um = 462 um;

S

i

|
|
{

ﬂ

Use of AIN and AOUT

Notes:
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Padlib2.

- ARCO2
low—power
low—frequency
duty cycle > 9:1 | {take care
during functional simulation)

- VCO1
from 10Hz to 1MHz
50% duty cycle

BC-Oscillators
Note that additional oscillators (with digital power supply) are provided in

External

Fout =

\_ANALOGLIB5-31

components “'i“w@:nl on
\..__ rout(o:7) | veo! clock
1 “:an_’ L
1,5 * Vin t cin
{
Vdd + Rext »Cext : E+ ‘°“E|_

I

!
|
|

ll

RC - Oscillators

ARCO?2 has a frequency that depends on the
values of Ry (connected to Vdd) and Cpy
(connected to Gnd or Vdd).

Notes:

The frequency of the VCOL is determined by
Vin, Vdd, Rexy, Cext- The output clock of the
VCO1 is low during standby mode (on at low
level).

76
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; M (" ™
ARCO2 {Analogue RC—Oscillator) Volta ferenc
— frequency Is determined by Rext and Cext <500kHz -VREF2
— low-power devices VDD
dd78 7/8 VDD = 4.375V vdd78(0:7)
v =4,
t < 10kHz f = 1/RC —3 vdd34{0:7)
10kHz <« f < 100kHz f = 0.8/RC vdd34 3/4AVDD = 3.7V .
100kHz < t < 600kHz t = 0.6/RC 0 vdd58{(0:7)
vdds58 5/VDD =3.125V - ——1 vdd12(0:7)
Volt vdd12 1/2 VDD = 2.5V | O vddsse
Guiput vdd3s 3BVDD=1875V 0 vdd14(0:7)
Schmltt-Trigger : vref2|— vdd18(0:7)
VTH] """ 777 === B e - _TL
input -BGR on
Supply-independent
Vvl EEEEEERRE B A B Vout = 1,25V ref(0:7)
— — Tlrrﬁ ==y =
\_ANALOGLIB5-32 == \_ANALOGLIB5-33 =2

ARCO2 Voltage References

Notes:

Notes:
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( DAC - STRUCTURE(8-bit) h
vrefn efp

a7

d(6)

d{5)

d{4) g e AR

43

d(2)

d{1)

{d(0)

vout(0:7) Analogue output

DAC should be . .

buffered with a VrefPO:7}o—{0— —<0 d(0:7)

voltage follower, dac ———

where neccessary.  yretn(0:7) O—{J}— L3> 0 vout(0:7) ===
(_ANALOGLIBS-34 =

DAC - Structure

The DAC is bascd on a string of sixtecn poly-
silicon resistors connected between vrefp and
vrefn. The four most significant bits select
twa tap—off points to be connected to A and
B. The voitage difference AB is then applied
across a string of transmission gates. The four

Notes:

least significant bits select a tap—off point to
be connected to the analopue output vout.

If the output is buffered the outpul range is re-
duced to the common mode range of the volt-
age follower.

SOLO 1400 V3.02 LIBS - ANALOGLIB
- - ™
8-bit ADC(adc8)

re———— - - |

! adc8p adc8s !

1 ]

| {
|3'|:|'—r>' vrefp(0:7) clk |« 1]

|
B—@]——:-’ vin(0:7)- -3+ b(0:7) |e b(0:7) start =l n
B—@——}-r vretn(0:7) . : msb msb Y |aternal

: s ; : hold hold clontﬂ';ﬂ H

. . prech prech/ signals

i : : )

| ol roe |

| : 1

| ;_:b-b comp comp d{0:7) —T'—Cl'

= on test |«t—qn

Ll —==l_ —— —' ]

Enable ===

\_ANALOGLIBS5-35

Analogue Digital Converter

The division (adc8s and adc8p) minimises the
pad size, because the digital functions are im-
plemented by means of oplimised array logic
as part of the ASIC core.

— Successive approximation

- Sample and Hold to store vin during one
conversion.

— 8-bit DAC to provide intemnal analogue
voltages.

Notes:

- A rail-to-rail comparator that compares
the sampled input voltage with the internal
DAC reference voltage.

For functional simulation test (input) is at low
level. In testmode (test=high) vin is aulomati-
cally sampled again before lsb—compare to
set all 8 bits.
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' ™
DC
Sequence of Events
1 2 3 4 5 6 9 10 1 12 13 14
clk fm“= 2.5 MHz
start {
EOC
de:7) oldX_0__ XD00000000000OOOOXXXX X _valid
I.ﬂlﬂ. EQC D Q'_I_::
VIN O— —b
REFNO—— abDc
REFPD 0 d(0:7)
clk [T > S
\_ANALOGLIBS-36 ==/

Analogue Digital Converter

The conversion process involves the follow-
ing steps:

~All bits of the digital output bus d(0:7) are
set 1o (.

—Conversion begins when start goes from
high to low and continues for 14 clock cycles.

Notes:

-vin{{}:7) is sampled for two clock cycles.

-EOC output goes high at the end of 14 clock
cycles to indicate that conversion is complete
and that the output data d((:7) is valid.

19
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4 : : A
Triplexed LCD Driver Cells Data

- *
| ledxyz |—Ho x{0:7)
Seven
D 6 segment
3 7~ decoder 1 Data .
Load leddec )| ledxyz —HaY{0:7)
O
Clock . .
360— 720Hz
Reset : a2, ;
= TIMER 4 Data .
—{uZ(0:7)
*
6-phase
segment
voltage
#5 - output
Common -v.oltage output Reference vgilage input -
\_ANALOGLIB5-37 ———

Triplexed LCD Driver Cells

To drive one LCD digit and two annuciators
you nced all these cells. For each additionat
digit you need to add an lcddec cell and three

Notes:

ledxyz cells. The ledcom cells are common to
ali digits {up to 10) in a display.
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4 ™ ( )
Triplexed LCD Driver Cells(lcddec) X Y Z I.i b raries
com1 h a ) E Y |
o Process Dependent Process Independent !
‘ C:> incl. Generated Blocks T——
COM2 .
ani a a an2 1,5 —micron ECPD15 Libraries containing
q @ m L] C.l D 1,2 — micron ECPD12 Softmacro—Cells
COM3
Input Code Display Input Code Display| :
AN(1) AN(©) 3 bd2 . firmlib| synclib| macrolib| 74lib| es2cell
0o o B o 0o 0 o G:
o 0o o 1
0 1
-8 0 0 1 0 e
1 0 8. 0 0o 1 1 3
1 1 — e
-8, 11 1 1 F == =
| ANALOGLIBS38 ===g. \_OVERVIEW_INDEP5-39 ==
Triplexed LCD Driver Cells continued Process Independent Libraries
ASIC designs using process—independent li-  define either relative placement on silicon of
braries can be manufactured by any of the the celis they use, or the lengths of the inter-
- foundry processes supported by the Solo soft- connections between them until the whole de-
- ware. Note that these softmacro—celis do not sign has been placed and routed.
Notes: Notes:

76
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SOLO 1400 V3.02 LIBS - FIRMLIB LIBS - SYNCLIB
r YN 1 | )
SYNCLIBS—4 e
\ ==2# SYNCLIB Synchronous Flip—Flops
FIRMLIB5-40 == )
=== FIRMLIB Parametrisable Parts T
=== FIRMLIB Part Type Cell Name Description
- S dft with cir
Part Type Cell Name Description D -type df s with set
mux with input mux
- Buffers standard as2butte drive strength = 9 o
A : as2tri3 drive strength = 3 off mn with cir
' o e824trid Combination of four
ot es2niri X o off sn with set
tristate es2nbuff Generic il
o vy tHfrn with clear
#32niny Non-inverting - T-typg:. 1 on it Cles
es2and AND e e
.uG_Itnlmt seanor NOR_ IR it Ith ena, ¢lr and toggl
.- (zates as2nor : L otff rn with sna, cir and toggle
es2or OR E/T-type ettt sn with ena, set and toggle
ss2dfirn with sync clear L PR
Flip-flops es2diisp with sync set -

D es2syncd to catch async signals RS-type rstt grp rp sp | with set, cir and global cir
es2dasc async set and clsar P rsff gsp sp rp | with set, cir and global set
as2muxtf with mux Inputs raff rp sp with set and prioritised clear

reff sp rp wlith set and prioritised set
es2efirn with sync clear

E as2efisn with sync set - J

JK es2|kasc async set and clear
s | eszern SYNCLIB
es2rstf active high controls
i as2mux 2:1 inverting
Multiplexers ee2mux21 P
: as2muxdi 4:1
es24mux2t Combination of four 2-to—1
. es2rogd 4-bit B
Reglswrs eslregd usos D-type flip-flops
n-bit as2regl uses latches
es2regm uses mux D-type 1f
os2sreg ps parallel in, serial out
n—bit Shift es2grog spr serial in, parallel out, clear
es2sreg sps sarial in, parallel out, set
es2sreg ss serlal in, out, clear
n-hit Sync es2ctr parallel load , sync clear
Counters eos2ctrac paraltel load , async clear
Hard-coded es2htimer with clear
Counter/timar
Adder es2add2 2-bit full Adder Notes:
X Demultiplexer os2demux14 | 1-to—4 Demultiplexer
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(o p—— R
MACROLIBS—42 =
e MACROLIB complex functions
Part Type Cell Name Description
: - parameterised, hard—coded, serial IN/parallel
Asynchmndus ASYNC REC OUT, Flags (framing, overflow, parity)
“.Recgi\'rer ! ASYNC TRANS parameterised, hard—coded, parallel IN/serial
> Transmitter our _
B < | ES2UART Universal async Receiver/Transmitter
Cycliét S ""4-_ CCITT BCC Cells produce CCITT format
. L a BCC (Block
. Redundancy CRCI12 BCC Check Char) CRC12 standard
- Checkers CRC16 BCC | conforming to CRC16 standard
‘mbym. PMULT parallel-unsigned
~Multipliers: - | smuLT  serial-signed;m(sign:msb) x n(sign:msh)
(max:1Sx15 - ° | ymuLT seriab-unsigned
RIPADD n-bit Ripple Adder,
n < 16, see sumcar(baselib)
CLADD n-bit Carry Look-Ahead Adder y

MACROLIB

Notes:

2 &
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™\
ESZUART
o— msst Serial Data
O~ dslr,b transmitted / received via txd / rxd
Omed :ﬁ-b Mark[Start[Do- D, ..Dnl Parity{ Stop |
o—q rdb Bits
o—d cdb
—{> mxclk Data reception via rxd
o—q> txelk
Sl rxd | Start [ po X o
L__l l_
o— din(0:7) dout{0:7}7 rxcii] | | ! l {
brkdet nt |
rxrdy nterna
txe Sample " “ “
tard
o— rxd rts Trans: parallel din{0:7) —> serialixd
"t‘;g Rec: serialixd  —» parallel dout{0:7)
Symbol of ES2UART I==3%
\_MACROLIB5-43 ==
ES2UART
Notes:

-
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T4LIBS-44 T4LIB ==
Part Type Cell Name Description ===
hc160c/162¢ | Syne 4-bit decade
Counters he161c Sync 4-bit binary, async clear
. hec163¢c Sync 4-bit binary, sync clear
hc390¢/393¢ | 4-bit bed and bi-quinary / 4-bit binary
hed4d40c 12-blt ripple binary, async res
het77¢ 4-bit preset binary, async load/clear
hc190c/t190q sync decade / + async res
Up/Down he1916/1191d sync binary / + async res
hc193c/669¢ | sync 4-blt binary, 2 ck (up,down) /1 ck
. hci54d 4-16 line, 2 en:(ln;!a "
hc155d 2x 2-4 line or 1x ne
Decoder/ i Decoder he23zd 1-8 line with address latches
Encoder - hc138d/137d] 3-8 iine /with addr latch(hc258d)
PR hc139d 2-4 line
hc147e 10-4 line priority
Encoder | 1 1408  |8-8 line priority
hc15tm 8-1
Multiplexer he153m ai
: he157m Quad 2-1
hc158m Quad 2-1 {inv out}
he251Tm 8-channel
Tristate he253m 4—channel
he257m Quad 2-channel
. hc258m Quad 2-channel (Inverted)
hel?dr Quad tristate
F"p-'ﬂoP hcl7ar Hex with clear
hc175¢ Quad with async clear
hc240b Inverting octal
Buffer hhc240h inverting octal (half)
Tristate hc241b Octal
hc244b Non-Inverting octal
hhc244b Non-Inverting octal (half)
he194r 4-blt bl-directlonal
hc195r 4-hlt parailel
Shift he299r Unlversal
Reglster x299r Unlversal {(separate |/0)
hc164r/595r | serlal-in -> parallel-out/ +output reglster
he165r/597r | Parallel-in —> serial-out/ +Input register
8-bit t165r Parallel-In —>» serlal—out, reset
hc166r serlal or parallel IN —> serlal OUT, reset |
x598r parallel IN — serlal or parallel OUT
+Input reglster
he521me two 8-bit identify, enable In, one cutput
Comparator hc686me two 8-bit magnitude (=, > }, two outputs
hcé88mc sgual to he521me, but two input buses
Transcelver hcé51b transcelver and register
{8-bit) tristate hc2a5b dir- and tristate control
heiBia ALU
\ Arithmetic hct82g Lock-ahead carry generator i

)2
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(ESZCELLS—4S ES2Cell Philips Compatible ===
Part Type Cell Name Description e
AND anZ10/310 | 2-inputfi-input
an410/510 4-input/5 Input
ne2190/310 2-input/3-input
Basic NAND nad10/510 Hng_u_ys—lngul
or210/310 2-nput/3-input
gates OR 0r410/510 | a-input/s-input
no210/310 2-input3-input
NOR no410/510 anutls—ln‘p)ut
en210 nor
2-input Exclusive ex210 or
. de210 2-to-4
Decoders/ Dacoder de212 2-to—4 (actH enable)
Multiplexer mutil 2-input
P Multiplexer mu210 4—Ingut
dfb20 preset, reset
Flip-flops pos-trig D-type | dfc20 res
: dfn20
dfp20 preset
g:b} g preset, res
— " (v res
neg-trig D-type din11
dtp13 preset
HAJH neg-trig
JdK jkb20 pos—trig
tab227 presel, res
Toggle tac22 res
tap22 presget
sfdn1
Scan—neg-trig afin2
lah10/20 igh enable)/(2 x drive
Latches transparent D | |ai2p low enable)} ¢ )
S/R lab10/20 /(2 x drive)
mo10
Master and gmﬁo res
Slave Master gmgm set, res
nor latch gm310
Latches ( ) gma1o res
gm510 set and res
gmst0 get
gs010
gs;10 res
gs210 sel, res
S!advle tch 98310
{nand latch) | geqq0 res
gs510 set, res
gssto set
Inverter iv101 10 x drtve)
iv110/120/130| (1 x drlve} 2 x drive)/(3 x drive
iv140/160/180] (4 x drive)/{6 x drive;lsa X drlve;
\ Trl Inverter v212/222/242] (1 x drive)/(2 x drive)/{4 x drive) )
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s ™
ES2Cell - Boolean Functions Li b ra l‘i es
bfo0O1  al + b1 xb2 bfo51  al %(b1 + b2) v Y
bf002  al + b1 *b2*bh3 bf052 “alx(bl+b2+b3) _
bf003 alwa2 + blxb2 bfo53  (al +a2)* (b1 +b2) Process Dependent Process Independent
bf004 a1wxa2 + bixb2xb3 bio54 (&l +82) (bl +b2+b3) incl. |_Generated Blocks
bf005 alxa2%a3 + bixb2xb3 bf055 (al+a2+a3)k(bl+b2+b3) 1,5 ~ micron ECPD1S
—_—_— 1,2 — micron ECPD12
bf006 a1 + a2 + b1*b2 bt056  alxa2x{bil + b2)
bf007 &t + a2 + b1 xb24b3 bf057 atwa2x({bl + b2+ b3)
bf008 al+blxb2 + clxc2 bt058  aiw(bl +b2)x(cl +c2) .
bf015  al + b1 x(ct +c2) bfo6S  alx(bl+ cl1xc2) RAM| |ROM} |PI |D-‘.’RAM MULT
bfo16 al + (b1 +b2)*cl +c2) bf0se alx{b1 xb2 + ctxc2) BIST | BIST | BIST
bfo17 al+blab2%(ci+c2) bf067 alx{bl+ b2 + clxc2)
\_ES2CELL5-46 % \_ BLOCKS5-47 e
ES2CELL Generated Blocks
Notes: Notes:

9
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f ilable R [ )
Available Ranges of
Number of words 102455 1024x8 vadable Ranges o
1024 p———— = RAM Generators
$12x16 (max. 8kbits)
5124
2564 256x4 256132
1284 128x64
64x3
64 - ————— Available Range
N I 3203
T TTTTTTTTT T
0 £
e XI5 a6
2 4 8 16 32 [ ———
A 1 1 Al } - ——
Bits per word —===%
| BLOCKS5-—48 be ="
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'

of words
6dkx2

ggt: l 32kxd

Tk 16kx8
Bk -
4k

2K
1k 4

8kx16

256 -
128 -
64
32 +
16

512 ' ‘ Avajlable Range

4kx32

Number Available Ranges of ROM Generators (max. 128kbits)

2kx64

1kx128

16

¢

64

128

BLOCKS5-49

Available Ranges of RAMs

Notes:

.

Bits per word

I; |
i

Jl

Available Ranges of ROMs

Notes:
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Available Ranges of PLA, MULT and DPRAM

I'PLA  min terms max. 128 1 to 64 inputs
1 to 32 outputs
MULT n*m max. 32*32 8 to 32 for n,m
DPRAM:
Parameter Condition Min  Max
Maximum size 16 Kbits
Number of words i ) ) 8 16K
Bits per word Subject 10 maximum size 4 84 Bits
Steps of 8 words 8 256  Words
Steps of 16 words 272 512 Words
Steps of 32 words 544 1024 ‘Words
Supported Steps of 64 words 1088 2048 Words
numder of Steps of 128 words 2176 4096 Words
words Steps of 256 words 4352 8192 Words
Steps of 512 words 8704 16384 Words
word size port A nis a pawer of 2 in the word size A = n x word size B
word size port B range 1/64 to 64

\_BLOCKSS-50

Available Ranges of PLAs, MULTIPLIERs and DPRAMs

Notes:

SOLO 1400 V3.02 LIBS - BLOCKS

ME N / N—
I tpre
e ﬁ% m
| tace” tmed
Dout Output Valld ) Hiz

| twds? }
twdsi

Input Valid

|

l!

\H[DCKSS—SI

|
l
—

LY
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(' DPRAM/RAM (READ / MODIFY WRITE CYCLE} )
Addr addreas valid
tpre
ME _\
twds
Din Input valid
twpw
. -
...... twas. ___| teon_ |
DO output valld

tace "= tacc + {mdhl, mdih) * Cout

DPRAM (READ / WR NTENTION} This appliesif port b(a) writes tothe same

addreas that port a(b) is reading from;

DOa(b)

L tmes

MEb(a) m&t‘b\\ d :

i_ twes twch \
WEE() M i e
toes  ©f tdch
Dib(a) data valld

\_BLOCKSS-52
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Output

\_BLOCKS5-53

enable’

Tenable
{minimum}

PLLA Timing

Notes:
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- 2
Gengralting Blocks
Enter Block details: if data base f;
1) Choice of Block | 4rzu (OMOS
Personality.  2) Aspect ratio layer file)
‘Files 3) Rotation
4} Electrical Conflg. | .dft Symbol file
for draft
l .dnc include file for
.pli (with text editor) model
GENERATE .emf Simulation
* model
Ads  elecirical data
SYNTHESISE sheet (access
time, power
consump—
tion, .. )
\ BLOCKS5-54 E_:_—v_;
Generating Blocks
Notes:

oF
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r ™
G te all : Choice & Ori ki { Block
1) Several availabie aspect ratios e.g.
{depends on size} . ' -
2) automatic Rotation on {(defauit), off (must be defined: -90, 0, +180);
The foliowing rules apply for placement (during physical design) :
-~ Blocks cannot cross column borders !
- If blocks are placed in the same column B : Block
they must be stacked above each other ! ) ocf
L : Logic
L
L L L
. o 0
no block rotation (default) - ===
\_BLOCKS5-55 ==

Choice & Orientation of Blocks

Notes:

s
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(" ™
PLA and ROM Generation
Personality File for raimizring a:}d (':I:La::::g .
PLA and ROM mwl;::”"a ¥ ¥
ANPUTS 4 ADDRESS 10 1} Create Personality file
OUTPUTS 7 .DATA 18 with suffix .pli
.MINTERMS 12 2} sat syn block ..
INNAMES 00 OFQF set syn in pli
do d1 d2 d3 01 1EiE set syn out pla
OUTNAMES 02 3CaC 3)
3132 8384 85 85 87 ; : —» generates optimized PLA
.PROG perscnality flle with suffix .pla
0000 1111110
1000 0110000 4) set gen cell ..
0100 1101401 set gen type pla
1100 1111001 5)
dra ===
Read Library File —_
\_BLOCKS5-56 p——),

PLA and ROM Generation

Notes:

SOLO 1400 V3.02

LIBS - BLOCKS

Bist incorporates the additional hardware to free the designer from

creating testvectors for blocks. So contrability and observability of
blacks is no longer a problem,

BIST is provided by two commands:

BIS ilt— st for Generated Blocks

GENERATE (with BIST option on)
BISTPREP (create .brp file before run)

Symbol for ROM with BIST  Bjstprep analyses the expected signature
o— a[o:s e - " output of all gemerated Blocks and
o— bistelk -, creates a test file for post fabrication test
o—] bisttest T
me : IJ at FAB.
“'—...[
bistou}—uo ==
\_BLOCKS5-57 ==
BIST

Notes:
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-
] ith Bist-Circuitry (Int | circuit)
Symbol for ROM with BIST
o] BiSiok
o bisttest
__ D—_TI [_..
a(0:n) > % aBJlIS1 d{0:m) }—o
Counte lf' ——-)-11- Add<0..n=1> ot
BISTInowt | complied
BIST Address -~ [Select .. | poM:-~
& d{0:m)
me Bisy |
MU ME . —{> bistout
bisttest >~ o1 [T I-glsLMemory :
nable - .
bistclock C-— Logle = o e ——
G ed e e R e i R R S ]
\_BLOCKSS-58 =

A

ROM with BIST-Circuitry (Internal)

Notes:

S0
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-

Work out functionsl mwmmm
characteristics of blocks r 8 L Proc
(ROM and All types of
PLAONy) blocks
Prompts and
responses Information
! about block
supphied
Personailty flie > GENERATE
(defines block (with BIST on) Create
charactaristics) schemalic
X on screen
e .dt inciude file
~  Block and BIST {schernatic symbol
Ve definitions gen- for magacell and
/7 erated (all nec- ~-BIST connections) - DRAFT
{ essary filas) -
Ing includa file
\ (MODEL text
file for megacell and
N BT o)
™~
Initiat size/placement,
decisions may be re- ™\
vised as aresult ofin- B
formation returned by ~
PLACE. ™~ Simulation of
GENEBATE ‘;‘?“the" ™~ design, excluding
be re-invoked; ~ ~ BIST circuitry
N I
~ ~ Physical design
. {inc. PLACE)
e ~ - ¥
.lgn BIST -pdf pad - .
signature file(s) dascription file ;
»
.brp BISTPRER4—( Text editor
| information tite :
BISTPREP ¥
Production of test
Final design files passed to Design vectors for circuit
Centre for physical generation of | .bst BIST T
block(s) and actual chip production [_resutt file M
¥ =3
\_BLOCKS5-59 Production ===

T /

-

e
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(

Solo 1400 Design Flow

T, -7

Design Entry —1‘
Fymhssls11—£ generate .

sxpand

or.amn.arllty )

Simulation

wdi

seaty .
i atlmu.rll )

trewave

libview

\_BLOCKSS 60

L ———
pinout l}-
b b * { load on ‘
I “postsimulation| _
patre : : wave posisimulation| draw j
' ' .
) 1
) 1 ¥
tdlag 1-) k—p totit package artview
| TLF for FAB
.
{ . ¥ ) Y ! Validation
checkskeu{i diffvec tis padaudit audit dgmview
| min/masx
Y J N B,
N———— 3= shipdes : )
~ ===
To ES2 = )

3/
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J

-
Files used by Bistprep
The .brp File contains the names of the BIST clock and enable signals and the
name of each block and its BIST output signal. The file takes the basic form :
BIST_CLK signal_name
BIST_TEST signal_name
blockname output
blockname output

Block pad
information and

Input flles Outputflles
o signature(s)

Pad descri
tion ﬂlp ‘

G\
——= BISTPREP -
infarmation flle :
o Which results
BISTPREP will appear for
One sl'gnature's |
flle per block -
= /  Outputforuse in post-

M

!

* Sequence In
' 1 each block
fabrication testing

\_ BLOCKS5-61

|

Files used by BISTPREP

Notes:
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/

bilit

4 Resuh

Dout
ROM

H Me
Addr A P
OM BIST Multi—

; plier
LOQIC ___Resun 8

Result

11

M
or Wa MULT BIST]
Aadr
RAM
Cin Dout

M BiS

iﬂ

LBLOCKSS—ﬁz Generated Blocks with BIST on

I

Testability of Blocks achieved by BIST

Notes:




