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1.0 2020.11.16 TypofZ1E : 4-4. 4-5 Truth Table

2.0 2023.7.24 Y. Arai Added BNS under BNW to support
more rigid back-side potential.
Removed double SOl related error.

3.0 2024.11.15 Y. Arai Added enhanced driving capability &
better linearity version of analog buffer
(io_aobuf4 1P8 & io_aobufar_1P8).
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1 . Introduction

©

1 This library is converted from ‘IOLIBP1" 3.3V |/O prepared for p-type
substrate and using single 1.8V power supply.

1 Please note cells in the library are just shown as samples and its
performance is not guaranteed, so please use these cells at your
own risk.

1 GDS layout and schematics are contained in the
'1OLIBP1_1P8 v3.tar.gz', so please define this library as
'1OLIBP1_1P8' in cds.lib file as

'DEFINE IOLIBP1_1P8 ./IOLIBP1_1P8 v3'.

- If you find any error in the library, please notify to
takayana@post.kek.|p or yasuo.arai@kek.jp

© Copyright 2020 KEK 2023/7/24
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2. Specmcation

2-1. Absolute Maximum Ratings

Power-supply Voltage @ VDD18 -0.3~ +2.5

Input Voltage Vin -0.3 ~ VDD18+0.3 Vv
Output Voltage Vout -0.3 ~ VDD18+0.3 Vv
Storage Temperature Tstg -55 ~ +125 °C

2-2. Recommended Operating Conditions

Power-supply Voltage @ VDD18 1.65 1.95
Operating Temperature Top -40 125 °C

© Copyright 2020 KEK 2023/7/24



Silicon-On-Insulator Pixel Detector Project

2. Spemﬂcahon

©

2-3. DC Characteristic for digital buffers

Input Voltage(High-Level)
Input Voltage(Low-Level)
Output Voltage(High-Level)
Output Voltage(Low-Level)

Input Current(High-Level)
Input Current(Low-Level)
Output Current(Z/High-Level)
Output Current(Z/Low-Level)

© Copyright 2020 KEK
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2. Specmcation

2-4. AC Characteristic

Parameter Symbol
Min. Typ.
ns

Input buffer TpHL - - 1.5

Propagated Delay Time TpLH _ ) 15 ns
Output buffer TpHL - - 5.0 ns
Propagated Delay Time TpLH _ _ 50 ns

2-5. ESD Target

HBM(Human Body Model) +2000
CDM(Charge Device Model) CDM +500 V

© Copyright 2020 KEK 2023/7/24
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Silicon-On-Insulator Pixel Detector Project

2. Specification

©

2-6.ESD Rules
(a) Power/GND Cell

Please put Power Cell(“ioVDD18 5M4 1P8”) next to GND Cell(“ioVSS_5M4_1P8).

0 | O |0 |©® |0 | O] | |0 |0 ||| |©
O ||l (ool |aa |||l |
<r| S| |T(T|IX | |T|IXT(XT|X | [
S22 [=1=21=1=21=](=
S el S T BT B T B S B B e sl
X1QO|lwm e X 1alw x X | X X|aOlwm | X
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dlala|d|s|el|le|s|s|s8|s|ala|s

X
N
¥
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2. Specmcation

©

2-6.ESD Rules
(b) Input/Output Cell

Please put I/O Cell as follows.
The maximum distance from |/O to “ioVDD 5M4 1P8” is 1000um.
The maximum distance from I/O to “ioVSS_5M4_ 1P8” is 800um

ioVSS_5M4_1P8

ioVSS_5M4_1P8

ioVDD_5M4_1P8

ioVDD 5M4 1P8
ioxxxx 5M4 1P8

Max 1000um Max 800um
Max 800um

A 4

A
A 4

A
A 4

Max 1000um

A
A 4

© Copyright 2020 KEK 2023/7/24
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3. Cell list

S

Status |1P8 10 Library Status
1.8V¥fE [Cell name Type |Description schematic| layout | lvs/drc
@) iolTAN_5M4_1P8 Input 1.8V LVTTL Digital Input Buffer with Y,YB @) @) @)
@) iolTAND_5M5_1P8 Input 1.8V LVTTL Digital Input Buffer with Y,YB and Pull Down Tr (~17uA@1.8V) @) O O
0 iol TANDP_5M5_1P8 Input 1.8V LVTTL Digital Input Buffer with Y,YB and Pull Down Tr (~17uA@1.8V) Enhanced Y,YB O @) O
@) ioOT4A_5M5_1P8 Output Tri-state Digital Output Buffer (4mA) @) O @)
O i00T4B_5M5_1P$ Output Tri-state Inverting Digital Output Buffer (4mA) O O @)
O ioVDD18_5M4_1P8 Power 1.8V Power cell for core transistors O O @)
O ioV/SS 5M4_1P8 GND Ground cell for VDD18 O O @)
O ioCORNER _5M6_1P8 - Corner Cell O O O
O iodr 5M4 _1P8 Input/Outout |Analog pad with protection diodes and resistor O O @)
@) iod_bM4_1P8 Input/Qutout [Analog pad with protection diodes @) O @)
@) iothr 5M4 1P8 Input/Qutout [Direct analog pad @) O @)
@) iobuf 5M4_1P8 Input/Outout [Digital bidirectional Input/Output (4mA) Buffer @) @) @)
@) iobuf2 5M4 1P$8 Input/Qutout [Digital bidirectional Input/Output (4mA) Buffer with fast return path from A to Y. @) O @)
@) iofill_5M4_1P8 = 1O ring fill cell. @) @) @)
O iofill_M4cut_1P8 - 10 ring fill cell. Layer change in M4 power line. O O @)
O ioAOBUF18EN3_5M4 RR_VF Output Analog output buffer O O O
O ioBIAS18_5M4_RR - Analog buffer bias circuit O O @)
O io_aobuf_1P8 - Analog buffer layout example O O @)
@) ioring29_5M5_1P8 - 10 ring for 2.9mm chip (PGA178) @) @) @)
O ioring29L.2_5M5_1P8 - 10 ring for 2.9mm chip with 200um bias spacing for pixel (PGA178) O O O
@) ioring45_5M5_1P8 - 10 ring for 4.5mm chip (PGA178) @) @) @)
O ioring45L2_5M5_1P8 - 10 ring for 4.5mm chip with 200um bias spacing for pixel (PGA178) O O @)
O ioring60_5M5_1P8 - 10 ring for 6.0 mm chip (PGA240) @) @) @)
O ioring60L2_5M5_1P8 - 10 ring for 6.0 mm chip with 200um bias spacing for pixel (PGA240) O O O
@) ioring60L2S_5M5_1P8 - 10 ring for 6.0 mm chip with 200um bias spacing for pixel (PGA178) @) O @)
@] lo_aobuf4_1P8 (new) Output Analog buffer layout example (Enhanced Driving capability) O @) O
@] lo_aobufar_1P8 (new) Output Analog buffer layout example (Enhanced Driving capability. Better Linearity) O @) O

© Copyright 2020 KEK
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4. |/O Buffer cells

©

4-1. i0lT4N_5M4_1P8

Logic Symbol

( digital input buffer )
Layout

Truth Table
Output Output
Y YB
1 1 0
0 0 1

Delay (c+cc post Simulation Result)

Y
IN
So—vyB
Schematic
VDD18 "“T’-‘-?‘;N }i—‘ :
IN 5 MT@T‘ o ﬁ 5
W;meLa i i

GND18

VIO_BNW » -
VIO_2SI——=8&

© Copyright 2020 KEK

2023/7/24

_ron o Lt |t

0.36

HL 0.44

IN YB LH 0.60
HL 0.68

<Condition> Tr:Typical, VDD18=1.8V,
Tj=25deg, F=100MHz, Cload= 0.4pF
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4. |/O Buffer cells

©

4-2.10ITAND_5M5 1P8 ( digital input buffer with pull down )

Logic Symbol Layout Truth Table
N Y m Output Output
>c VB Y YB
~120kQ E 1 1 0
0 0 1

Delay (c+cc post Simulation Result)

_ron o Lt |t

Schematic 2
L HL 0.45
. N  YB  LH 0.64
e
0 F { | N
- ; M“"[ﬁ

<Condition> Tr:Typical, VDD18=1.8V,
Tj=25deg, F=100MHz, Cload= 0.4pF

© Copyright 2020 KEK 2023/7/24
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4. |/O Buffer cells

©

4-3. iolITANDP_5M5_1P8
Logic Symbol

Y

>o—YB

I(Pull Down)=15uA@VIN=1.8V

Schematic

( digital input buffer with pull down Enhanced Y,YB)
Layout

Truth Table
Output Output
Y YB
1 1 0
0 0 1

Delay (c+cc post Simulation Result)

DDDDD

ftoteg

© Copyright 2020 KEK
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_ron o Lt |t

0.38

HL 0.42

IN YB LH 0.53
HL 0.56

<Condition> Tr:Typical, VDD18=1.8V,
Tj=25deg, F=100MHz, Cload= 0.4pF

13
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4. |/O Buffer cells

©

4-4.i00OT4A 5M5 1P8 ( Tri-state Digital Output Buffer (4mA) )

Logic Symbol Layout
A ouT
oe —

Schematic

VDD

18 &

© Copyright 2020 KEK

2023/7/24

Truth Table
ENKIEES
OouT
1 1 1
0 1 0
X 0 Z

Delay (c+cc post Simulation Result)

“From | To | Tod | Tpdins)
A ouT LH 0.79
HL 1.33

ouT

<Condition> Tr:Typical, VDD18=1.8V,
Tj=25deg, F=60MHz, Cload= 25pF

14
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4. |/O Buffer cells

4-5.100T4B _5M5 1P8 ( Tri-state Inverting Digital Output Buffer (4mA) )
Layout

Logic Symbol

Truth Table

Delay (c+cc post Simulation Result)

B ouT
e —
Schematic
{1
. [

© Copyright 2020 KEK
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“From | To | Tod | Tpdins)
B ouT LH 0.84
HL 143

ouT

<Condition> Tr:Typical, VDD18=1.8V,
Tj=25deg, F=60MHz, Cload= 25pF

15



Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

@ = IS

4-6.i0VDD18 5M4 _1P8 (1.8V Power cell for core transistors )
Logic Symbol Layout

T
+—C N
-

O

GND18
CC Timer Power Clamp

T T
ST + cic

Schematic

ot
bt
b5
a9
=
pus

B 11

y YDD18

\\\\\
Wity

Based onf
10LIBENM4: ioVDD18_5M3
2012814 V. ArGHKEK))

ND1&

oo @& 2020.02.04 T.Tokayanagi{(KEK)

vio_onw [ |
vio_zst [ |

© Copyright 2020 KEK 2023/7/24 16
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Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

4-7.10VSS_5M4_1P8 (Ground cell for VDD18)
Logic Symbol

Layout

O GND18 There is no ?nternal .circuit SO
not need to include in
schematic for LVS check.

L L M P P A N

Schematic

oND 18 4P .

IOLIBSN4: ioVSS_5M3
0011.7.25 Y Arai{(KCK)
anere s HOCC‘/TTpOﬂ@ﬂt

o

so please don't put this cell

Eosed on

O

VS

/S schematics.)
2@2.7.30 T.Tokayanagl{KEK)
© Copyright 2020 KEK 2023/7/24
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Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

4-8. i0CORNER_5M6_1P8 (Corner Cell)
Logic Symbol

VDD18

C

In addition to power and
ground pads, this cell
contains
BPW(VIO_BNW) and
SOI2(VIO_2SI) pads
which are connected to
BNW and SOI2 layer in
I/O buffers.

VDD 15 4—

2.50F @5fF/um2

CORNER_5M4
& Y.Arai(KFK))

2626130 T.Takeyanagi(KEK)

GND1E 4

vio_ehw [I——— e[
vo_2st Pp——u—<

© Copyright 2020 KEK

2023/7/24
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4. |/O Buffer cells

4-9. iodr_5M4_1P8 (Analog pad with protection diodes and resistor)
Logic Symbol

VDD18 Use this cell for
voltage signal,
1kQ which should be

IN O wW—_1 Y protected from
external noise,
between

VSS and VDD18.

GND18

Schematic

VDDIB @

© Copyright 2020 KEK 2023/7/24
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4. |/O Buffer cells

4-10. iod_5M4 1P8 (Analog pad with protection diodes)
Logic Symbol

VDD18 Use this cell for
voltage or current

supply between
VSS and VDD18.

GND18

Schematic

ppoyh et

© Copyright 2020 KEK 2023/7/24

20



@ = IS

Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

4-11. iothr_5M4_1P8 (Direct analog pad)
Logic Symbol

Use this cell for
voltage outside of
VSS~VDD18, or

INOUT D any signal which
must be directly
connected to
internal circuit
without protection
circuit.

Schematic
cND 1S 4 =

vonis g
nouT g m

Based on {IOLIB5M4: lothr_5M3
2011127 Y. Aral

There Is no composent,

so con’t include 'n LVS schematic.)

2020.2.27 L.Takayanagi(KEK)

© Copyright 2020 KEK 2023/7/24
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Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

©

4-12. iobuf_5M4 1P8 (Digital bidirectional Input/Output (4mA) Buffer)

Logic Symbol Truth Table

INOUT [ Y

——T}——A HiZ  HighZ
—— OE 0 1 0 0 Output
1 1 4 4 mode
- 0 0 0 Input
) 0 1 1 mode

Delay (c+cc post Simulation Result)

Schematic ‘ | m--

INOUT 0.79
INOUT Y LH 0.35
HL 0.43

<output Condition> Tr: Typical, VDD18=1.8V,
Tj=25deg, F=60MHz, Cload= 25pF

<input Condition> Tr:Typical, VDD18=1.8V,
Tj=25deg, F=100MHz, Cload= 0.4pF, OE=L

© Copyright 2020 KEK 2023/7/24 22
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Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

©

4-13. iObUf2_5|V|4_1 P8 (Digital bidirectional Input/Output (4mA) Buffer with fast return path from Ato Y)
Logic Symbol Layout Truth Table

-——Tﬁ:—A Hiz  HighZz
OE 0 1 0 0 Output
1 1 4 4 mode
- 0 0 0 Input
) 0 1 1 mode

A ]

INOUT D>— s

Delay (c+cc post Simulation Result)

Schematic s m--

— INOUT 0.79
HL 1.33
A Y LH 0.42
HL 0.45
A <output Condition> Tr: Typical, VDD18=1.8V,
Tj=25deg, F=60MHz, Cload= 25pF
" lout <input Condition> Tr:Typical, VDD18=1.8V,

Tj=25deg, F=100MHz, Cload= 0.4pF, OE=H

© Copyright 2020 KEK 2023/7/24 23
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Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

4-14. iofill_5M4_1P8 (10 ring fill cell)

Logic Symbol

This cell is used for
Power/GND
connection in the
I/O ring without
pad.

Schematic

chD e 4P
s oL -

vnn 18 4

© Copyright 2020 KEK
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Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

@ = IS

4-15. iofill_M4cut_1P8 (10 ring fill cell. Layer change in M4 power line)
Logic Symbol Layout

There is maximum M4 is cut .
area DRC rule in
Metal 1~4. This
cell can be used to
cut metal 4 layer in
the 1/O ring.

Schematic

© Copyright 2020 KEK 2023/7/24
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Silicon-On-Insulator Pixel Detector Project

4. |/O Buffer cells

4-16. ioGND2GND_1P8 (bidirectional diode for divided GND)
Logic Symbol Example Layout

GND18A GND18B

In case of dividing GND , such as analog and digital, it
is needed to insert bidirectional diode between all GND
for keeping ESD performance.

This cell is just a example , number of diode stage
should be determined in each device .

Example Schematic

GND18A

‘GND18B

chND18As 4——@ o @ cpisB

Bidirectional Diode | L e ]
Example diode needed for dividing GND DR DEEEEEEERE B
VoD1E @ {7 2020.04.15 T.Takayanagi(KEK) R N I

vio_snw I———a—L e e ]

vioosl I—————— e ]

© Copyright 2020 KEK 2023/7/24
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5. Analog Buffer cells

©

@ = OIS

5-1. Analog Buffers

1.8V IOLIB(IOLIBP1_1P8)MAnalog Buffer|< . §i#<|=2/84EMBufferd M 1=, Zh ZhDBufferd 1%
FRIC. EHHERR—UUBISRT,

/0 Cell Name Bias Cell Name ESDiittE Linearity/ Comment
DriveRE
io_aobuf_1P8 ioBIAS18_5M4 RR © A ERN—D3>

|0 PadfElE(ZE TS
(& &~150umiZi@)

io_aobuf4_1P8 ioBIAS18 5M4 RR O O lo_aobuf 1P8HE#i,
H SR HUAIBR

Transfer Gatet&ig,

lo_aobufar_1P8 ARO BIAS18 AOBO0O4AB A © A-R-Tectt 244k,
REBCore TrisE FH

© Copyright 2020 KEK 2023/7/24 27
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5. Analog Buffer cells

©

5-1. Analog Buffers Transition Simulation

SEABAS2/3tBH M & (1kQ+10pF, 1.2V R) BFD . 10MHz Y 12 RIZH T HH IR D LHLEERT
EKE Dio_aobuf 1P8TIFI A AKYKIA0%IRIEAE AT SHH . REE Dio_aobufd_1P8TILFI15%iE L,
1=, A-R-TecE{EDBuffer TIZ$I10%DF L TH-T-=.

OUTAR(AOBUF18)

OUT4(aobuf4) % OUTA (aobuf)

0.0 25.0 50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0
T(ns)

© Copyright 2020 KEK 2023/7/24
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5. Analog Buffer cells

| ><

©

5-1. Analog Buffers

© Copyright 2020 KEK

1.0

0.9

0.8

0.7

0.6

Mag (\)
o
w

0.4

0.3

0.2

0.1

0.0

OUTAR(AOBUF18)

OUT4(aobuf4)

OUT1(aobuf)

AC Simulation

10°

2023/7/24

frequency (Hz)

29



D sons

ilicon-On-Insulator Pixel Detector Project

5. Analog Buffer cells

©

5-1. Analog Buffers DC Simulation

1.8 1kQ) to 1.2V load
1.6
1.4
1.2

Sk OUT4(aobuf4)

Z0s OUT1(aobuf)
0.6 \
i OUTAR(AOBUF18)
0.2
0.0

0.0 01 02 03 04 '0S 06 07 08 09 10 11 E2 13 14 15 16 1.7 18
OUT (V)
AOBUF18(io_aobufar_1P8)WNELIREMEARLY,
© Copyright 2020 KEK 2023/7/24
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5. Analog Buffer cells

5-1. Introduction

Simulation[a] &

© Copyright 2020 KEK

@%“

|

PV —
el
.
)
* o
@ -

_BNW
VvDD18
VIO_281
GND18

VIO

#— XEN

£ B—— CUR_OUT io_aobuf_1P8
-

<>

%>

= B @ X
= A &N o
1IN m‘ = o = ouT
= (&
o =
=
B—— XEN
CUR_IN
#— CUR_OUT io_aobuf4_1P8

r=40K ‘ > ®
u
=
@
>
IN our
- - N
ARO_ACIBUF 18_05AB_WS_BNWE
EN_ /
=
o M
2 nu&lng@oailiac;
? 3 B 2 2
T T l‘ HER
© w |
=] [E]
o = VB1
=@
VB2 (= B
VB3 = =
VB4 & 2!
CUR_IN  CUR_OUT = u/\A\/ -
ARO_BIAS18_AOQBZ4AR

2023/7/24

QUT —=

CUR_IN —=

VIO_2SI

' GND18

v VDD18
VIO_BNW
=

B outt

o
ouT4
® © P ours
Mes 4
J— o= ;’MKE r=1.8k
r %
oo COM
OUTAF
&) © P outar
cz 1 RS
c Cjazzr 1.8K
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5. Analog Buffer cells

5-2. 10 _aobuf4 1P8 & io_aobuf 1P8 (Schematic & layout example)

Schematic 1 )
oo 1 (io_aobuf_1P8TIE CUR_OUT XEN IN
vio_z2s! [ iOAOBUF18EN3 5M4 RR_VF) TF e
2 ; :3 by I = ‘ IN -
> . N g = XEN ] XEN 1
Ty = ou Z o = o VP = &
> VBP2 = 2
VBN ] !
. s VBN2 =
. - =8 T
0. B B = 8
2 d ¢4 | o
> SVBP1 [——m :
VBP2 |—=
/BN 1 n
CR.ING) = CUR_IN VBN2 L]
3IAS 18_5M4_GBR_OUT —= 4 cur_out
= & = & 1
voD16 @@= voo18 5 ; : TZ)' g&fe%btg:_(:gﬁeevsz io_aobuf)
e : 2020.3.10 T.Tokayanagi(KEK)
2024.11.1 Y. Arai (KEK)
cND18 4P
CUR_INDIZ#{E(L36UATI MEFV(CUR_IN)=0.73V :
XEN=LTH S1Enable. |

© Copyright 2020 KEK
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Silicon-On-Insulator Pixel Detector Project

5. Analog Buffer cells

5-2. 10 _aobuf4 1P8 & io_aobuf 1P8 (Schematic2)

voo1g [

[XGEEN 2
(* io_aobuf_1P8TI% ioAOBUF18EN3_5M4 RR_VF)

ouTdl = In i‘: ;_' E ; | ] = J 2 3 E i‘:lw
0251 B il : Swu AMP schematic

Cellname: ioAOBUF 18EN4
2020.91.22 T.Takayanagi

S - —— = o
2024.11.1 Y.Arai S =3 £ £
3
Dumay
e b
voDise
. N - e a = .. - - - R = .
PAD schematic i L o - |
Mo W e - =~ = v =
VEP 1@ Vi '
. ki
VD1 s [ s ﬂ'
VBF2® P . i, R ke P
W_{M;-j#, e i INN®D » offe % “ie)e- @INP e -
s H Hidl . . . ] *
§ H T
ases |8 - =
v y 4
. L
vanZ @ Vi L i
o et . T
2k e . 1 f
N1 ¥
d A e = [ — | .
He e l f = E; ER =3 cak
L v r = = fa
e bt ® - GND15®
l:;:i s e
XEN® o 0a s o s SoMe ot om0 1 ctey
QADBUT 1B IDENE
ancett® ot - [ - oy,
‘jT 211,301 Y Ao ARCBUF 33_S00°C. = any
- NoaTieg from ARQACOUF S3_30EN. no M4 ong M3 ot %0 - “u
ciolze . T O S S Gl Simecs woser mesoi v 4u
11, ORORY E_3RU e g
O] — ramons okt resines & eresen wire of oo Tr(PY & W13) _Jf- d:l o <.
R ] This improve drhing copstilly aln sight lews LSO protection B t =P A
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Silicon-On-Insulator Pixel Detector Project
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5. Analog Buffer cells

5-2. 10 _aobuf4 1P8 & io_aobuf 1P8 (Schematic3)
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2011.18.11 Y.Arai AROBUF33_30EN2.
Modified from AROAOBUF33_3BEN. no M4 and M5 at top

2029.03.25 T.Takayanagi. OABUF18_3@EN2_RR_OPEN.
1.8V analog Output Buffer with Enable signal mimcap upper metal is 4M

2024.11.1 Y.Arai. OAOBUF18_3@EN4

Rernove output resistor & increase size of pass Tr(P@ & N13)
This improve driving capability with slight less ESD protection

OAOBUF18_30EN4
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5. Analog Buffer cells

5-2. 10 _aobuf4 1P8 & io_aobuf 1P8 (Schematic4, Difference)
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5. Analog Buffer cells

%’/SI:H:

5-2. 10 _aobuf4 1P8 & io_aobuf 1P8 (Schematic), Bias circuit)
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2026.61.22 T.Takayanagi(KEK)
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5. Analog Buffer cells

@ = OIS

5-2. i0_aobuf 1P8 (Specification)

it Netlist AMP— post netlist / R+C+CC mode
Characteristic BIAS— post netlist / C+CC mode

3.3VhR 1.8VhR
. fHERE Hspice Hiu | ¥E |#R fE Hspice By | ¥E |[WR
- Min  [Typ Max [Min |Typ Max Min  [Typ Max [Min |Typ Max
3.3 3.0 33| 36| V O 1.8 1.65 18| 195 Vv [¢)
FHfE 2000 2162| 2279| 2426] uA O |T=25°C 2000 264.3 522.7| 709.1] uA O |@IBIAS=36uA,VIN=0.9V
1.0 2 kQ AN kQ
20 20 pF AN 20 20 pF
AN EEHE 0.40 2.00 \ 0.20 1.60 \
min 0.4 0.20 | 0.45 0.2 0.2 VDD=1.8V
VDD=3.3V
max 22 2.05| 2.30 1.6 1.6
min 0.20 | 0.45 =
VDD=3.0V
max 2.00 | 2.10 -
AZF AT ANy 7 7 ACKHE
DCH 1 > |@1KHz 0.0 -0.01{ 0.00| 0.10| dB O 0.0 0.00 dB (@]
40 29.7| 59.1| 159.9 A |in=0.4~2.2V 4.324]  10.62| 17.5 in=0.2~1.6V
i (BW)| f(-3dB) MHz n MHz n
40 41.3] 63.1] 159.9 O  |in=0.4~2.0V = - =
ANBREHE|Vni 38 43 69| uv 43.6 58.6 [ 130.9| uVv BW & T4
F =7 —TFACHE
DC7 1 v |@1KHz 47 63 68| dB 11 76 79| dB
A R fu 20.4| 36.3| 84.8 MHz in=0.4~2.2V 2.4 13.2 | 20.9 MHz in=0.2~1.6V
27.4| 385] 71.2 in=0.4~2.0V - - -
60 56.9| 64.5| 81.0 A |CL=20pF 60 62.6 67.2 | 91.4 O [CL=20pF
wEsn| PV deg P deg P
60.3| 68.1| 84.7 O [CL=17pF 62.6 66.7 | 91.8 O |CL=17pF
=T 454 Ny ZTTREE
OANHRT v 7EBE=0.1V VL/VH=1.15/1.25V VL/VH=0.85/0.95V
99% 4.5 6.1 7.9 58.5 84.8 |141.4
kU SER (VL—VH) i ns ns
99.9% 8.3| 15.6| 22.1] ns 74.8 124.4 1219.1 ns
99% 3.7 5.2| 129 59.2 86.5 | 150.9
U SER (VHoVL) > ne ne
99.9% 115 15.9| 237 ns 741 | 128.0 [231.0 | ns
F—/n"—> 21— Vosh 0.3 0.6 10.3| mV 1.9 815/ 70| mV
Fyv&—=a—k| Vush 0.2 0.3 57 mV 1.7 353 59| mV
OANHRT v 7EE=0.8V VL/VH=0.4/2.0V VL/VH=0.4/1.4V
99% 31.8| 355 39.7 46.5 80.9 [110.2
U ER (VL—VH) > ne ne
99.9% 44.4) 59.7| 823 ns 775 97.0 [164.1 | ns
99% 15.2| 20.6| 28.7 49.8 .8 1129.8
2R U SERE (VH-VL) > ne 29 ne
99.9% 46.6| 67.5| 93.3] ns 90.8 113.6 | 183.6 ns
F—"—=22—h| Vosh 64.4] 112.3] 175.1] mv 15.9 240 | 617 mv
Ty &—a—k| Vush 1.4 15[ 1.7 mV 0.6 73| 39.7| mv
AN—L—F SR 37.1| 40.6| 45.5| V/us 23.7 42.2 | 73.1| V/us VIN=0-1.8V, 0.5-1.3V meas
F7tv b OF mV 0.228| -0.13| 1.591| mV VIN=0.9V

Max/Min value are extracted from PVT (Process Voltage Temp) simulation result
© Copyright 2020 KEK 2023/7/24
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5. Analog Buffer cells

5-3. i0_aobufar_1P38 (Layout)

Layout

lod_5M4_1P8

ARO_AOBUF18_05AB
_WS_BNWE

ARO_BIAS18_AOBO04AB
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Silicon-On-Insulator Pixel Detector Project

5. Analog Buffer cells

5-3. i0_aobufar_1P8 (Schematic1)

vDD18 p—e
GND18 p— o
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.7
N A
EN_X .IE—_
O O
Y
£ VB1 =
> 09
VB2
VB3 =
VB4 1
CUR_IN [Jm— CUR_IN CUR_OUT |-=
ARQ_RIAS18_AOQRA4AR
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| H N %
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2024.11.15 Y.Arai
Analog Buffer designed by A—R—Tec

B cur out
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Silicon-On-Insulator Pixel Detector Project

5. Analog Buffer cells

5-3. i0_aobufar_1P8 (Schematic2, Amp)

voD18 4 @ &
cnD18 4 | ® o
oW @ - 8

N%BA'”HH
ARNSUBMI1_FY11_1 é %

i S EY
ST g S5

ARO_AOBUF18_05AB_WS_BNWE
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Silicon-On-Insulator Pixel Detector Project

5. Analog Buffer cells

5-3. i0_aobufar_1P8 (Schematic3, Amp)

vB1 4

vB2 4

vB3 4y

vB4 @)
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Buffer cells

5-3. i0_aobufar_1P8 (Schematic4, Bias)
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Silicon-On-Insulator Pixel Detector Project

6. I/0 Buffer rings

6-0. Comment

There are 3 kinds of special pads in 4 corners of iorings.

VDET ---- Corner 4 pads which are connected to handle wafer via P+ implant(PSUB).
VIO_BNW --- Connected to BNW ring which covers 10 buffers and protect from
back gate problem. Normally this should be connected to ground.
VIO_2SI --- Connection to 2nd SOl layer (2SI or SOI2) which covers |O buffer area.
This pad becomes non-connection in the case of single SOI wafer.

Schematics are same for all 4 examples and shown below. Please replace the 1O cells
according to your design.

© Copyright 2020 KEK 2023/7/24

43



| ><

Silicon-On-Insulator Pixel Detector Project

6. I/O Buffer rings

6-1. top_iolib_1P8 (Al 10 rings)

ioring29_5M5_1P8 ioring29L2_5M5_1P8_ALL _io 5

ioring29L2_5M5_1P8

5y B

ioring60_5M5_1P8

© Copyright 2020 KEK
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Silicon-On-Insulator Pixel Detector Project

6. I/0 Buffer rings

6-2. ioring29 5M5 1P8 (IO ring for 2.9mm chip (PGA178))
Schematic 112

H T 254<3:05]
H g
5 2 9 =8
o 5 og B
VD18 = VDD 18
GND18 i0CORNER_-5M6_1P8 GND18
VIO_BNW
: VIO_251 . .
s R g 2[47 61 ez =
g8 ¢ z w—e— K—es—jour -2 g 8 5021‘%
fo[TAND5ME 1P8 10048 5M5_ 1P8S
7. 2148 15 w© =
R =
5 g % N ——] X—=—our 2 ¢ 5 3@51@
_5Ma_1P8 : . 100T4AZ5M5- 1P8 >
® 149
o
g w—=K

vio_snw [

vio-2st [

Based on (ioring29_5M5
2.9mm x 2.9mm - chip-10 Ring example
2014.7.1 Y Arai(KEK))

1.8V IO
2029.2.12 T.Takayanagi(KEK)
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6. I/O Buffer rings ?

6-3. ioring29L2 5M5 1P8 (10 ring for 2.9mm chip with 200um bias spacing for pixel (PGA178))
Schematic Layout

@ 2 [54<3:0>|
I

4 8 2 3
voois p—w % voD18
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vio-2si I

Based on (ioring29L2_5M5
2.9mm x 2.9mm chip [0 Ring example
2014.7.1 Y Arai(KEK))

1.8V 10 .
202@.2.1¢ T.Takayanagi(KEK)
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Silicon-On-Insulator Pixel Detector Project

E o @
6. |I/O Buffer rings |

6-4. ioring29L2 5M5 1P8 ALL _io (IO ring for 2.9mm chip with 200um bias spacing for pixel
(PGA178), include analog output buffer) Lavout

Schematic

Based on (joring29L2_5M5
2.9mm x 2.9mm chip 10 Ring example
201471 Y Arai (KEK))

1.8V 10

2020.2.19 T.Takayanagi(KEK)
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6. I/0 Buffer rings

@ = IS

6-5. ioringd5 5M5 1P8 (IO ring for 4.5mm chip (PGA178))
Schematic 172 Layout
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Based on (ioring45_5M5
4.45 mm x 4.45 mm- chip 10 Ring example
2015.3:13 Y. Arai(KEK))

1evio i
2023.2.10 T.Takayanagi(KEK)
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44
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6. I/0 Buffer rings

©

6-6. ioring45L2 5M5_ 1P8 (10 ring for 4.5mm chip with 200um bias spacing for pixel (PGA178))

Schematic
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Based on (ioring45_5M5
4.45 mm- x 4.45 mm chip [0 Ring example
2015.3.13 Y.Arai(KEK))

1.8 10 ‘ ‘

2023.2.1¢ T.Takayanagi(KEK)
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Silicon-On-Insulator Pixel Detector Project

6. I/0 Buffer rings

@ = IS

6-7. ioring60_5M5_1P8 (IO ring for 6.0 mm chip (PGA240))
Schematic Layout

i
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6-mm x 6 mm chip 10 Ring example
2014.7.1 Y.Arai(KEK))
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202(1.2 10 T.Takayanagi(KEK)
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6. I/O Buffer rings ?

6-8. ioringb0L2 _5M5_1P8 (10 ring for 6.0 mm chip with 200um bias spacing for pixel (PGA240))
Schematic Layout
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Silicon-On-Insulator Pixel Detector Project

©
6. I/0 Buffer rings

6-9. ioringb0L2S 5M5_1P8 (IO ring for 6.0 mm chip with 200um bias spacing for pixel (PGA178))

Schematic Layout
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This chip can be packaged
in PGA178 with no-
connection of duplicated
power/ground/bnw/soi2
connections.
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ﬂ Silicon-On-Insulator Pixel Detector Project

7. Appendix

Used Test Bench List

Degital buf TB_iobuf_5M4_1P8_DC

TB_iobuf_5M4_1P8_TRAN

TB_iobuf_5M4_1P8_TRAN_post

TB_ iobuf2_ 5M4_1P8 TRAN_post

TB_iolTAND_5M5_1P8_DC

TB_iolTAND_5M5_1P8_TRAN_post

TB_iolTANDP_5Mb5_1P8_DC

TB_iolTANDP_5M5_1P8_ TRAN_post

TB_iolTAN_5M4_1P8 TRAN_post

TB_ioOT4A_5Mb5_1P8_TRAN_post

TB_ioOT4B_5Mb5_1P8_TRAN_post

Analog buf TB_AOBUF_1P8_RR_DC

TB_AOBUF_1P9_RR_DC_post

TB_AOBUF_1P8_RR_AC

TB_AOBUF_1P8_RR_AC_post

TB_AOBUF_1P8_RR_VF_AC

TB_AOBUF_1P8_RR_VF_AC_post

TB_AOBUF_1P8_RR_TRAN

TB_AOBUF_1P8_RR_TRAN_post
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Power GND resistance

100um

VDD18

VSS

Layer: MET5:MET4
Width: 95um (w/o slit)
Resistance = (100/95X0.0587) @ M4
(100/95X0.0265) @M5
=19.2mQ

Layer: MET5:MET4
Width: 76um (w/o slit)
Resistance = (100/76X0.0587) @ M4
(100/76X0.0265) @M5
=24.0mQ
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Silicon-On-Insulator Pixel Detector Project

/. Appendix continued

f:, SOOI

Digital Output Buffer IOH/IOL

W AV HAINUS 2 -26.3401mA E i r30.0
NLAAINUS 2 17.659%4ma ! i i
- 25.1251mA
: 20,0
I
-10.0
:-10.0
A - -20.0
- ' § I <Condition> Tr:Typical, VDD18=1.8V,
—— R R R l—-3nu Tj=25deg, VOL=0.4V,VOH=1.4V
1.0
vin (param)

m--mm

15.5 17.6 4mAj>  OK
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