
Photocurrent

SynPubias

Re
fr

ac
tP

er
io

dB
ia

s

Re
ce

pP
uG

en

RecepBias

File:\\Zig\home\tobi\chips\friend22\friend22

Module:chip

Author:INI neuromorphic design class/elisabetta chicca/ telluride aVLSI tutorial

Info:Physiologists friend -- phsiology helper

Modified:Sep 16, 2002  17:00:32
Created:Aug 23, 1998  17:40:08

PadVdd

PadGnd

24
/6

Ne
ur

on
Th

re
sh

Bi
as

Ne
ur

on
Ca

sc
Bi

as

Ne
ur

on
Ad

ap
tB

ia
s

Ne
ur

on
Ad

ap
Ta

uS
rc

24
/6

ISynWeight

isyntau

Ne
ur

on
Re

se
tB

ia
s

Fo
ll

Bi
as

Fo
ll

Ag
g

FollAggBias

ESynWeight

esyntau

DigVdd

DigVdd

DigGnd

DigGnd

ad
6

core

Di
gG

nd

Di
gV

ddGn
d

nb
4

oddsimple

offcenter

oncenter

onevensimple

p4
rx

Vd
d

vm
em

7

vmemeven

vmemodd

vres

BumpBias

BiasGenNBias

ba
re

ba
re

ba
re

ba
re

Use cell "x" to extract whole chip

gnd's capped to short at next level up
GndPadGnd

PadVdd

Vd
d

Gnd

friend22 - the physiologist's friend

ntestgate

ptestgate

ntestdrain

ptestdrain

nb4 vmem7

vmemodd

vmemeven

onevensimple

oddsimple

offcenter

oncenter

p4ad6

vres

rx

Photocurrent

p4
ad

6

vr
es rx

vmem7

nb4

vm
em

od
d

vmemeven

on
ev

en
si

mp
le

oddsimple

offcenter

oncenter

Created:Aug 23, 1998  17:40:08
Modified:Sep 16, 2002  17:00:32

Info:Physiologists friend -- phsiology helper

Author:INI neuromorphic design class/elisabetta chicca/ telluride aVLSI tutorial

Module:chip

File:\\Zig\home\tobi\chips\friend22\friend22

24
/6

24
/6



6/96

Photocurrent

biasgen
nb4

rx vr
es

off on off on off on off on off on off on off on

esyntau

E E

E

E

E E

E

E

E E

EE E

isyntau

I

I I

I

I

I I

I

I

I

I I

I

NeuronAdapTauSrc

Author:${Author}

Created:${Created}

File:${File}

Info:${Info}

Modified:${Modified}
Module:${Module}

ad

ou
t

ad

ou
t

ad

ou
t

ad

ou
t

ad

ou
t

ad

ou
t

ad

ou
t

+ -

10k

+ -

10k

+ -

10k

Receptor self biasing

on7on6
on5

on4on3on2on1 off7off6off5off4off3off2off1

Dig Vdd/Gnd capped here to short at next level up

ad
6

ad
6

core
Di

gG
nd

Di
gG

nd

Di
gV

dd
Di

gV
dd

Gn
d

Gn
d

nb
4

nb
4

oddsimple oddsimple

offcenteroffcenter

oncenter oncenter

onevensimple onevensimple

p4
p4

rxrx
Vd

d
Vd

d
vm

em
7

vm
em

7
vmemevenvmemeven

vmemoddvmemodd

vresvres

Vdd

DigVdd

Gnd

DigGnd

source biases tied to rails by poly resistors

vm
em

od
d

vmem7

nb4

vm
em

ev
en

ad6

p4
vr

esrx

62

53

741

p7p6p5p4p3p2p1

+-

-

-

+
+

--

--

+ + +

oddsimple

onevensimple

offcenter oncenter

i7i6i5i4i3i2i1

photoreceptor

bipolar

soma

esyn/isyn synapses

6/96

Module:${Module}
Modified:${Modified}

Info:${Info}

File:${File}

Created:${Created}

Author:${Author}

10k

10k

10k



File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

24/6 24/624/6

24/6 24/6

24/624/6

refin

refin

gateout

drainin

gateout

bias

bias

drainin

gateout

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

24/6 24/624/6

24/6 24/6

24/624/6



21/37

1

2
7.1p

1 2
0.

74
p

169/38

12/161

File:\\Zig\home\tobi\chips\friend22\friend22

Module:photoreceptor

Author:tobi

Info:photoreceptor

Modified:Sep 16, 2002  14:07:58
Created:Jul 31, 1998  06:57:36

52/104
Photocurrent RecepBias

put 'photoreceptor cap' here for simulation
photodiode cap 5.96p

out

outad

ad

ad

out

in

in in

area 19000 mu^2

out

21/37

7.1p

0.
74

p

169/38

12/161

Created:Jul 31, 1998  06:57:36
Modified:Sep 16, 2002  14:07:58

Info:photoreceptor

Author:tobi

Module:photoreceptor

File:\\Zig\home\tobi\chips\friend22\friend22

52/104



File:\\Zig\home\tobi\chips\friend22\friend22

Module:bipolar

Author:INI

Info:bioplar cell layer, takes output from photoreceptor and ��and makes on/off currents��
Modified:Oct 1, 2001  07:15:08
Created:Jul 7, 2000  10:27:43

BumpBias

1

2
1.68pF

FollAggBias

FollAgg
FollAgg

24/24 24/24

24/2424/24

48/19

12/4212/42 48/8
24/4624/46

24/34

48/8

ph
ot

or
ec

ep
to

r

on

on off

of
f

photoreceptor
photoreceptor

onof
f

Created:Jul 7, 2000  10:27:43
Modified:Oct 1, 2001  07:15:08

Info:bioplar cell layer, takes output from photoreceptor and ��and makes on/off currents��

Author:INI

Module:bipolar

File:\\Zig\home\tobi\chips\friend22\friend22

1.68pF

24/24 24/24

24/2424/24

48/19

12/4212/42 48/8
24/4624/46

24/34

48/8



File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

BumpBias

1

2
1.68pF

FollAggBias

FollAgg
FollAgg

24/24 24/24

24/2424/24

48/19

12/4212/42 48/8
24/4624/46

24/34

48/8

ph
ot

or
ec

ep
to

r

on

on off

of
f

photoreceptor
photoreceptor

onof
f

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

1.68pF

24/24 24/24

24/2424/24

48/19

12/4212/42 48/8
24/4624/46

24/34

48/8



.param A=81 B=10 C=9

BiasGenNBias

BiasGenNCasc

BiasGenNCasc

BiasGenNCasc

BiasGenNCasc

BiasGenNCasc

BiasGenNCasc

BiasGenNCasc

BiasGenNCasc BiasGenNCasc

BiasGenNCascBiasGenNCasc

BiasGenNCasc

nbias

nbias

ncasc

ou
t

source
nbias

nbias

ncasc

ou
t

source

nbias

nbias

ncasc

ou
t

source

nbias

nbias

ncasc

ou
t

source
nbias

nbias

ncasc

ou
t

source

nbias

nbias

ncasc

ou
t

source
nbias

nbias

ncasc

ou
t

source
48/19

BumpBias

esyntau

18/16
ESynWeight

24/34

FollAggBiasFollBias

NeuronResetBias

isyntau

18/16
ISynWeight

masterbias

rxvres

24/6

M=10

24/6
30/10

26/6

18/16

24/6

24/6

24/6

M=10

24/6

24/6

24/6

24/6

24/6

NeuronAdapTauSrc

NeuronAdaptBias

30/10

NeuronCascBias

30/1030/18

30/16

NeuronThreshBias

48/19
30/8

File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

52/104

RecepPuGen

RefractPeriodBias

A

B
out

A

B
out

A

B
out

A

B
out

A

B
out

A

B
out

A

C
out

16/8

SynPubias

Nsrc

nb0nb0

ESynWeightISynWeight

nb0

1uA

FollBias

nb4

makes 1uA in 24/6 nfet

nb0

100pA

nb5

100n

NeuronCascBias

nb1

ESynTauISynTau

N src

P src

100pA

nb4

ESynWeight
50pA

nb4

ISynWeight

10pA

nb6

nb1

100nA

SynPuBias

NeuronRefractPeriod

1uA

nb0

NeuronAdapTauSrc

NeuronAdap

NeuronReset

1nA

nb3

nb0

1uA

NeuronThresh

10nA

nb5

FollAggBias

nb0

vr
es

vr
es

biasgen

rx
rx

vr
es

10uA 500pA

nb3

So if you want R=0.1, you get A=81, B=10, C=9 for instance

Ii+1/Ii = R  ->  B/A = R/(1-R)^2 ; C = B(1-R)

1nA10nA100nA1uA

I=C/B

nb4nb3nb2nb1

BumpBiasRecepPu

rx

.param A=81 B=10 C=9

48/19

18/16

24/34

18/16

M=10

24/6

24/6
30/10

26/6

18/16

24/6

24/6

M=10

24/6

24/6

24/6

24/6

24/6

24/6
30/1030/1030/18

30/1648/19
30/8

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

52/104

16/8



BiasGenNBias

BiasGenNCasc

1

2
250f

1

2
250f

1

2
35p

24/6 24/6

24/6120/6

M=26

24/24M=2 24/24M=2 6/66/6

File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

+

-

61
.9

k TC1=4600e-6

TC2=1.18e-5

vr
es

vres

61.9k measured on friend10

R=sqrt((2*L)/(I*beta*W))

1.6um AMI betaN=38.3uS/V betaP=11.5uS/V

Compensation to prevent oscillations

vres

Po
ly

 r
es

is
to

r

Bias current, Strong inversion: I=(2/beta)*(L/W)*(1/R^2)

masterbias

rx

rx

BiasGenNCasc

Rint*TCint = -Rext*TCext

rx

prirrorin

nmirout

strength 100X of mirror input

common centroid layout

kickgate

1.6um AMI Rpoly=36 ohm/sq

TC
po

ly
=1

50
0 

pp
m/

de
gC

AMI 1.6um, Imaster=10uA => Rtot=14.75 kohm (Rpoly=1.47kohm, Rx=13kohm)

W/L=144/6

Weak inversion: I=ln(W/L ratio)*Ut/R
R=ln(W/L ratio)*Ut/I

ln(W/L ratio)=3.075

AMI 1.6um, Imaster=10uA => Rtot=7.68 kohm (Rpoly=768kohm, Rx=6.9kohm)

beta=mu*Cox/2 (this is MOSIS K')

strong inversion

I=(1/R^2)*((M2-M1)^2/(M1*M2^2+M1^2*M2+2*(M1*M2)^1.5))

Use matlab biasgen.m to compute resistance values

250f

250f

35p

24/6 24/6

24/6

M=26

120/6

M=224/24 M=224/24 6/66/6

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

TC2=1.18e-5

TC1=4600e-6

61
.9

k



24/6

24/6

24/624/6

24/6 24/6

File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

pmid

nmid

nbias

nbiasnbias

ncasc ncasc

ou
t

ou
t

source

ou
t

nbias

ncasc

24/6

24/6

24/624/6

24/6 24/6

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}



.param A=81 B=10 C=9

BiasGenNBias

File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

${
W}

/$
{L

}

${W}/${L}

${W}/${L}

A

B
left

out

ou
t

right

So if you want R=0.1, you get A=81, B=10, C=9 for instance

Ii+1/Ii = R  ->  B/A = R/(1-R)^2 ; C = B(1-R)

rightleft

out

.param A=81 B=10 C=9

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

${
W}

/$
{L

}

${W}/${L}

${W}/${L}



.param C=9

BiasGenNBias

${
W}

/$
{L

}

File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

${W}/${L}

${W}/${L}

A

C
left

ou
t

out

left

out

.param C=9

${
W}

/$
{L

}

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

${W}/${L}

${W}/${L}



File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

1

2
0.75p

esyntau

ESynWeight

18/16

18/16

16/1816/18

16/8

SynPubias

E

ep
sc

spike
epsc

spike
Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

0.75p

18/16

18/16

16/1816/18

16/8



File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

1

2
0.73p

isyntau

ISynWeight

18/16

18/16

16/18 16/18

16/1816/18

16/8

SynPubias
I

ip
sc

spike

ipsc

spike

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

0.73p

18/16

18/16

16/18 16/18

16/1816/18

16/8



File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

DigGnd

DigGnd

DigGnd

DigGnd

DigGnd
DigGnd

DigVdd

DigVdd

Di
gV

dd

DigVdd

1 2
0.

35
p

NeuronResetBias

NeuronResetBias

1

2
1.557p

${W}/${L}

${
W}

/$
{L

}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

NeuronAdapTauSrc

NeuronAdapTauSrc

NeuronAdaptBias

NeuronAdaptBias

NeuronCascBias
NeuronCascBias

NeuronThreshBias

NeuronThreshBiasNeuronThreshBias

${W}/${L}

1

2
0.6225p

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${
W}

/$
{L

}

RefractPeriodBias

RefractPeriodBias ad
ap

td
ra

in

vadapt

input spike

input spikein
v1

ad
ap

tp
sr

c

vm
em

vmem

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

0.
35

p

1.557p

${W}/${L}

${
W}

/$
{L

}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

0.6225p

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${W}/${L}

${
W}

/$
{L

}



${W}/${L} ${W}/${L}

M=4
Pa

dG
nd

Pa
dG

nd

PadGnd PadGnd

Pa
dV

dd

Pa
dV

dd

PadVdd PadVdd

File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

151/8 71/8

M=4

outpad

padinv1outout pad
${W}/${L}

M=4

${W}/${L}

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

151/8

M=4

71/8



FollBias

FollBias

W=3

L=2

W=3

L=2

W=3

L=2

W=3

L=2

${W}/${L}

${W}/${L}

${W}/${L} ${W}/${L}

${W}/${L} ${W}/${L}
PadGnd

PadGnd

PadGnd

PadGnd

PadGnd PadGndPadGnd

PadVdd

PadVdd

PadVdd

PadVdd

PadVdd

PadVdd PadVdd

File:${File}

Module:${Module}

Author:${Author}

Info:${Info}

Modified:${Modified}
Created:${Created}

W=3

L=2

W=3

L=2

${W}/${L} ${W}/${L}

${W}/${L}

${W}/${L} ${W}/${L}

${W}/${L}

${W}/${L} ${W}/${L}

+ -

221

+ -

221

FETs with boxes are not extracted, they are placholders

pad wide

pa
d

wi
de

pbias
pbias

L=2

W=3

L=2

W=3

L=2

W=3

L=2

W=3

${W}/${L}

${W}/${L}

${W}/${L} ${W}/${L}

${W}/${L} ${W}/${L}

Created:${Created}
Modified:${Modified}

Info:${Info}

Author:${Author}

Module:${Module}

File:${File}

L=2

W=3

L=2

W=3

${W}/${L} ${W}/${L}

${W}/${L}

${W}/${L} ${W}/${L}

${W}/${L}

${W}/${L} ${W}/${L}

221 221




