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Bonding Map

Bonding recipe for the ASIC-board connection
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Chip Specifications

Neural Recording Chip Specifications

¢ can
* Programmable 3bits: (110 — 700) Recording

4

Channels 512

e Raw data bandwidth: (OSHZ — 10kHZ) Gain (VIV) 110-700

* Input Referred Noise: (4 — 5uVrms) o eforma Noise -

* Sampling rate: (31.25kS/s) o8 Tesotion o
Power | Channel <20 pw
Input Impedance 13 MQ @ 1 kHz
Sampling Rate 31.25 kSIs per channel



Chip Specifications

Neural Recording Chip Specifications

¢ can
* Programmable 3bits: (110 — 700) Recording

Channels 512

e Raw data bandwidth: (OSHZ — 10kHZ) Gain (VIV) 110-700

4

Bandwidth (Hz) 0.3-10k

* Input Referred Noise: (4 — 5uVrms) o rotertos Noioe R
* Sampling rate: (31.25kS/s) ADC Resolution 12:bit

Reset Time <15ms
Power | Channel <20 pw
Input Impedance 13 MQ @ 1 kHz
Sampling Rate 31.25 kSIs per channel
° i Stimulat
Stimulator imulator I
Channels 128
* 128 channels: Compliance of +/-10V Compliance Voltage 210V
- Max Stimulation Current 22.5 pA
¢ ReSOI Utl o n : 1 . SUA Stimulation Resolution 1.5 pA
- Stimulation Frequency <200 Hz
* Maximum Current: 22.5uA Temporal Resolution 2125 s
Stimulation Mode Arbitrary Monopolar / Bipolar
Charge Balancing <10 mV residual



Recording and Stimulation

| nu ' -8 X[NAs |_|[T_-i;' ;

|

: 16/x N &
[Programmable
1ksain Amplifiers
| .

1

F 3

* Modular concept

One module: 16 amplifiers + 4 stimulators

Arrange 32 copies to make it 512 recording +
128 stimulators

Programming interface programs the
stimulators and the amplifiers

The ADCs are multiplexed to 8 data lines

ADC

ADC

DATA<1>

DATA<2>

DATA<3>

DATA<4>

fn o o

16 x Amp & 4 x Stim | 16 x Amp & 4 x Stim —L
ADC | 16 xAmp&4xStim | 16 x Amp&4xStim [ ADC |—
ADC | 16xAmp &4 xStim | 16 x Amp&4x Stim [ ADC |
ADC | 16 x Amp & 4 x Stim | 16 x Amp & 4 x Stim [ ADC in
ADC | 16 x Amp & 4 x Stim | 16 x Amp & 4 x Stim | ADC 1,
ADC | 16xAmp&4xStim | 16 x Amp &4 xStim | ADC —
ADC | 16 xAmp & 4x Stim | 16 x Amp &4x Stim [ ADC |—
ADC | 16 x Amp &4 x Stim | 16 x Amp & 4x Stim [ ADC in
ADC | 16 x Amp & 4x Stim | 16 x Amp & 4x Stim [ ADC 1,
ADC | 16 xAmp &4 xStim | 16 x Amp &4 x Stim [ ADC —
ADC | 16xAmp &4 xStim | 16 x Amp&4xStim | ADC |—
ADC | 16xAmp &4 x Stim | 16 x Amp & 4 x Stim [ ADC [
ADC | 16 x Amp & 4x Stim | 16 x Amp & 4 x Stim [ ADC 1,
ADC | 16xAmp &4 xStim | 16 x Amp&4xStim [ ADC |—|
ADC | 16xAmp&4xStim | 16 x Amp &4 xStim [ ADC | —
ADC | 16xAmp &4 x Stim | 16 x Amp &4 x Stim [ ADC [

MUX DATA<8>

&
-

MUX DATA<7>

AR
kN

MUX DATA<6>

&
kN

MUX DATA<5>

AN
kN

v



Recording Mode

Trnerace |- 4 D) 1= Stimul

dll | 16h B :
' Programmable
:Gain Amplifie:rs

ers || 12:bi ADE | | &

——————————— L. | |-|u! =°

B =
— : y

* From Pixel Input to ADC Output

Gain: 100 — 700 (V/V)

Bandwidth: ~0.3 Hz to 10 kHz

IRN =4 -5 uVrms

Sampling Rate: 31.25 kS/s per channel

IRN (Input-Referred Noise): ~4.2 yVrms

Filtered Channels vs Time

Amplitude (mV)

-0.02

Ch 51 | RMS = 0.0042 mV

o
o
R

©
o
—_—

o

©
o
—

200 400 600 800 1000
Time (ms)

o

6



Recording Mode

...... | [ng I [3'—| I [’LI I|:_'L8 NAS : 16: g2 2l i:‘:‘:‘:‘:‘:‘:‘:‘:‘:‘:ih:::::::::::‘:
(] . ' — T _I - . X S I PP . e
Rertnce O A Stimul Programmable - +||,12-bit ADC i,
| 1 3 e ml Gain Amplifiers | it
] 1 i e N R o b L
[ e = | ) Bl = || v A _!__T'sx__ NA |

* From Pixel Input to ADC Output
* Gain: 100 - 700 (V/V)
* Bandwidth: ~0.3 Hz to 10 kHz
* IRN=4-5 pVrms

Power Breakdown

 Sampling Rate: 31.25 kS/s per channel ol
* DC Power: ~17.24 uW / channel o

* Not including the external LDOs

urpog



Recording Mode

30

Counts
o

SALINE 0

* Integrated ASIC + Probe noise
* M =6.5uVRMS and o = 0.3pVRMS

2.8 6.8
IRN (HVrms)

7.8




Reading Mode - How?

* Custom GUI
— Recording on the top
— Stimulation on the bottom

Recording: ON Start recording | Reset amplifier | Stop r ng Left Gain: B . Right Gaim:

Selected Stimulator: none




Reading Mode - How?

* Custom GUI

— Recording on the top

— Stimulation on the bottom
* Start recording

— Sends a sequence to FPGA to
trigger the recording

10



Reading Mode - How?

* Custom GUI

— Recording on the top

— Stimulation on the bottom
* Start recording

— Sends a sequence to FPGA to
trigger the recording

* Reset amplifier

— It sends a sequence to FPGA to
trigger the reset the amplifiers

11



Reading Mode - How?

Custom GUI

— Recording on the top

— Stimulation on the bottom
Start recording

— Sends a sequence to FPGA to
trigger the recording
Reset amplifier
— It sends a sequence to FPGA to
trigger the reset the amplifiers
Left and Right Gain
— They control the gains of the two

sides of the chip (they can be
different if needed)

— Gain will be programmed only if
Program Gains is pressed

12



What happens in the background

* Recording Related Pins

Chip_Reset: We use this pin to reset the chip to a known state
CLK32MHz_In: If we press start recording button, the FPGA sends this clock to the ASIC to start the recording

FE_RESET: If we press reset amplifier button, the FPGA resets the amplifiers we should see very silent channels
Amplifier Gain: Amplifier gain is set by a Serial Peripheral Interface (SPI will talk more about this later)

13



What happens in the background

* Recording Related Pins
— Chip_Reset: We use this pin to reset the chip to a known state
— CLK32MHz_In: If we press start recording button, the FPGA sends this clock to the ASIC to start the recording
— FE_RESET: If we press reset amplifier button, the FPGA resets the amplifiers we should see very silent channels
— Amplifier Gain: Amplifier gain is set by a Serial Peripheral Interface (SPI will talk more about this later)
* When recording starts: Chip will transmit these signals
— CLK32MHz_Out: Used by FPGA to readout the correct data
— Data<1:8>: Contains the recording data
* Each data line contains the information of 4 ADC (time multiplexed)
* One ADC - 16amps, then 1 Data - 64 amps.
— Read: Used to let the FPGA know that a new amplifier’s data is being streamed
— Sync: Used to let the FPGA know which amplifier’s data is being streamed

1024= CLK3IZMHz Out Cycles

o] SRR NI FSCH MUSCU SRSNSUL Rl RSSO MUCPI ST SNSRI S FRN S SUSNY PSS SO PR (e St DS SR EULRS N S RSy SRR s SRS Sl IR SE ) (e CASRSILy CREICI EER S SECEE SN Ui SISIPSS TR S S STt AR ENERSS Bl IS SRSl S Sl S N -

16= CLKIZMHz Out Cycles 48x CLEIMHz Out Cycles 16= CLKIZNMHz Out Cycles dBx CLK32MHz Out Cycles

o ol i 2 2 e 8 B e 8 B i e e o e e e B e i 8 2 e e B 8 e e 2 8 e 2 e 6 B ™

stNe | |

Red [ ] | I
cLksamkz_ow[ | [T I_l_l—l_l_l_]m (N Y A m

s bEd] 1

DATA<:8= < e 3 - T 0 AL AT AT ANy - AL AT AR A - o= < 0 3 0 v - -- S O “T0 eARLIDS S ARZ0S S ARIAIS ABASS Y - - - <ABRSMLTbAB2ellemAbs]

=




Communication Protocol

1024= CLK3ZMHz_Ourt Cycles

16x CLK3ZMHz Out Cycles 48% CLK3IMHz Out Cycles 16x CLK3ZMHz Out Cycles dfix CLKIZMHz Out Cycles
SO O i o B, N I PR SO, IO UM N AU v o sl o, SN OO IS OO WO I P R S/ O I i s . ekt IO PSR S N N O .
SYNC | 1.
- | e ————
ez o[ |1 LI LTI . F_l_l_l_!_l_l_1_ B (S e O O I O S I
DATA<l8s <0 >< 0 > - -+ < 0 >0 > <RI A A AR ¢ -+ KA A AT Ay - - K0 S0 S o <0 0 AR AR S AR > ABIDS > A AR T AR T AL

* 1 Frame = 1024 clock cycles

* Within each frame, there is one Sync and 16 Read

* Syngc, signals when the FPGA should start streaming the data - aligns the channel map

* Read signals a new amplifier is being streamed

— Within each Read period, DATA streams information about 4 amplifiers (from 4 different ADCs which share

the same data line)
— They all have the same location in a group of 16

— = ADC<1>
— ADC<2> g
DATA<1>
MU
41
— ADC<3
 — C<4>

F 3




Communication Protocol

1024= CLK3ZMHz_Ourt Cycles

% SRR S SPCES MINCI RS FIREAR (IS0 WSS SO AU SO S JUSSR SR USSP KON I NSt SOS KNS GOV SN SRS ESCIN MUY ST SRS IR O s [ SOV SESI ASRWE EOEYE: OIS SCEHS SRS CHSPN PRSI IS SO SRS SRR R IRER SIS SRRER SRR SIS R .
16x CLEIZMHz Out Cycles 48n CLK32MHz Out Cycles 16x CLKI2MHz Out Cycles dfx CLEIZMHz Out Cycles
P Y I s PR e e O IO P N Y S U et s ol Vol e T RN O UL FEOY T - R N [ S ] K SR i R PP I N N S -
SthC | 1.
Rarad | —
L Mt et L A Lt [ B 5 S B A B A (0 o S R R A3 LB
DATA<i:@x < 0 > 0 > --- < o 0 AL AT b AR AR AL AR L AR A - k- T 0 T 0 e - e 0 CRAELL 5 AB2 507 3 ABIS02 S AGd a0 AL LAl AL 1

* 1 Frame = 1024 clock cycles
* Within each frame, there is one Sync and 16 Read
* Syngc, signals when the FPGA should start streaming the data - aligns the channel map
* Read signals a new amplifier is being streamed
— Within each Read period, DATA streams information about 4 amplifiers (from 4 different ADCs which share
the same data line) -
— They all have the same location in a group of 16

— ADC<2> 4

DATA<1>




Communication Protocol

1024= CLK3ZMHz_Ourt Cycles

R R B B R e B B R B B B B B R B R B R B R R B B B B R R R B R R R e -
16x CLK32ZMHz_Out Cycles 48x CLK32WHz Out Cycles 16% CLK3ZMHz_Out Cycles dfix CLKIZMHz Out Cycles
aabaassbsaanaduanssmmanasabaaisadaaassbaasasbasansdaaal Proflscssaack icsashanssallasnaaneanaaahasasitiadacdunsasdunssaatanaaidenasa b sassabnssandanasssanassaksasisbana = FTIPINPEN YRR (RSP SRR TR [RFIRE IR, TRy —— W TP RPN R SR (e S
SYNC | 1.
Read |

Mkt CTOCTD -+ IS EBA BTG - BN | -

* 1 Frame = 1024 clock cycles
* Within each frame, there is one Sync and 16 Read
* Syngc, signals when the FPGA should start streaming the data - aligns the channel map
* Read signals a new amplifier is being streamed
— Within each Read period, DATA streams information about 4 amplifiers (from 4 different ADCs which share
the same data line) -
— They all have the same location in a group of 16

— ADC<2> 4

DATA<1>




Stimulation Mode

L4 i i I i i Monopolar Bipolar
B I p has I c Stl m u Iatl on (m ono pOIarIbI po I ar) Broad activation, less selective Focal activation, more selective
* Fully programmable arbitrary waveform
- - - Active Anode thode (-)
* +10V stimulation compliance . ° . =, ®
* Passive charge balancing . C@?
Return: distant electrode on body surface
® Activated neuron ® Resting neuron —> Current path Activation field
64 Clock Cycles =2 ms 64 Clock Cycles =2 ms
Anodic<d: 1> Anodic<d: 1>
EDGE1<6:1> EDGE2<6 1>
STIM_START g — STIM_START
Interphasi o I hasi
l Gl n Drg;;slc l l l Initial Delay \A i} nt%rfl;:sm
EDGE1<6:1> EDGE2<6:1> EDGE3<6:1= EDGE4<6:1>

Cathodic<d: 1> Cathodic<d: 1> 18



Stimulation Mode - How

Up to ~22.5pA (4-bit control) with a resolution of ~1.5 pA

= Code 15 = Code 1l = Code?7 Code 3
— COde 14 === Code 10 == Code 6 Code 2
= Code 13 = Code9 = Code 5 Code 1
= Code 12 = Code 8 Code 4 Code 0
<
=
4 - =
2 g S e R B S R S
£
5
|®)
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Time (ms)

19



timulation Mode - How

There are 64 stimulator in each side,
left and right

Recording: ON

Start recording

Reset amplifier

Stop re

Selected Stimulator: none

Left Gain:

o

Right Gain:

20



Stimulation Mode - How

* There are 64 stimulator in each side,
left and right

* Select the stimulator
— Fill the edge information based

— Fill the anode and cathode
information

— Polarity

* Stimulators can have different
setting

21



Stimulation Mode - How

* There are 64 stimulator in each side,
left and right

* Select the stimulator
— Fill the edge information based

— Fill the anode and cathode
information

— Polarity

* Stimulators can have different
setting

Selected Stimulator: Left 2

EDGE3:

Anode Amplitude:

Cathode Amplitude:

Idle

22



Stimulation Mode - How

* There are 64 stimulator in each side,
left and right

* Select the stimulator
— Fill the edge information based

— Fill the anode and cathode
information

— Polarity

* Stimulators can have different
setting

* Can program multiple of these
stimulators at the same time

23



Stimulation Mode - How

* There are 64 stimulator in each side,
left and right

* Select the stimulator
— Fill the edge information based

— Fill the anode and cathode
information

— Polarity

* Stimulators can have different
setting

* Can program multiple of these
stimulators at the same time

* Last we select the number of pulses
we want to send (1-254) and click
RUN

24



What happens in the background

Firstly, an SPI excel file is loaded to the FPGA AN 110001
which then sends the data to the ASIC P JupguguL...JuuuggcL
— The SPI has 4 data pins <CLK, L, R, LATCH> M ANO0Ne ERENRRNRERE
— L and R contains information for the stimulators JuududoL... JuddudL
programming and the gain of the amplifiers. H—
SPI_LATCH

25



What happens in the background

* Firstly, an SPI excel file is loaded to the FPGA
which then sends the data to the ASIC

— The SPI has 4 data pins <CLK, L, R, LATCH> o MNONOMN s

— L and R contains information for the JuududL...Juududl
stimulators programming and the gain of the
amplifiers.

— Another patch reads the data in these two
excel files and generates the right SPI stream
file that downloads to the FPGA

SPI_CLK

SPI_LATCH

j@uration — 64-Channel System

PO AN =25 (4-bit, amplituds staos)  POLARITY: (=Norma!, 1=laverted
3 | STIM_ID ENABLED EDGE1 EDGE2 EDGE3 EDGE4 |CATHODIC_AMP ANODIC_AMP| POLARITY NOTES
Q o o o

STIM 1|

E ETIMZ
STIM3
STIM
STIMS
STIMG
STIM7
STIME
i STV
By STIM10
STIM11
B STIn12
[ STI3
Bl STIM14
&
Bl STIM1B
BR STIM17
STIM18
22 G
iy STIMZ0
STiM21
PR STIM22
by STINZ3
il STI2d
PEY STINZS
Y STIN2S
BN STInzY
3 8Tinz8
EYl STINZE
By STIMI0
R STIM31
ER]  STInI32
B STI33
STIM34

| a

Chip Configuration - 12 hits appended to DR stream
Each field is a 3-bit value {0..7). Bit<3>=M5B, Bit<1>=[5B.

4

Transmission order: DR_DAC<3..1> AR DAC<3..1> Gain Right<3..1> Gain Left<3..1>

FIELD VALUE NOTES

Gain_Left 1 3-bit, Gain_Left<3:1>

Gain_Right 1|3-bit, Gain_Right<3:1>

AR_DAC 0 3-bit, AR_DAC<3:1>

DR_DAC 0 3-bit, DR_DAC<3:1> (DR_DAC<3> = SPl«<12>, sent first)

STIM35

B) sTINGE
40 [STEY
STIM38
Py STISE
EEY STiM40
14 ]

[=RE=RN=NN= 0=~ = =~ N = = I = = = = R = = R = = = = i = B = B = I = R = R = R =R = R = =]

Q
o
1]
1]
2]
1]
]
a
1]
1]
a
2]
1]
']
]
a
o
1]
1]
2]
o
[*]
1]
]
o
1]
1]
a
1]
4]
1]
1]
2]
]
0
a
o
1]
1]
2]
0

CC0O0C0O0O0OCOoO00O0O0O00C0O000O0o0000000C000000008 a0
cleococoooolcocnnonoococonoooocoocoooooooooooooon

1
1
1
1
Pl
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
P
1
1
1
1
1
1
p
3
1
4

tcoololcponooolcnonoooooooooocoooooooooDooo0noa
foocccooooococnoooooocRnooReooDooocRo00O0D000E

=

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
U

Gain Config




What happens in the background

Firstly, an SPI excel file is loaded to the FPGA
which then sends the data to the ASIC

— The SPI has 4 data pins <CLK, L, R, LATCH>

— L and R contains information for the
stimulators programming and the gain of the
amplifiers.

— Another patch reads the data in these two
excel files and generates the right SPI stream
file that downloads to the FPGA

How does the stimulator start working?
— Firstly, we enable the stims via STIM_EN

— Then we send a short pulse to trigger the
stims 2 STIM_START

— After 64 STIM_CLK cycles, we enable
STIM_CHB which does the charge balancing

SPI_CLK

SPI_L/R

SPI_LATCH

5P
Load
STIM_CLK
(B0kHz)

STIM EN

Sl L L] am

-+
STIM_START H

.

ﬂ

i START of STIM

E START of STIM

i1m55

' H
v Ims &
¥ ]

STIM_CHE




Different Stim patterns each cycle?

* Firstly, an SPI excel file is loaded to the FPGA
which then sends the data to the ASIC

— The SPI has 4 data pins <CLK, L, R, LATCH>

— L and R contains information for the
stimulators programming and the gain of the
amplifiers.

— Another patch reads the data in these two
excel files and generates the right SPI stream
file that downloads to the FPGA

* How does the stimulator start working?
— Firstly, we enable the stims via STIM_EN

— Then we send a short pulse to trigger the
stims 2 STIM_START

— After 64 STIM_CLK cycles, we enable
STIM_CHB which does the charge balancing

* Different stimulation sequence is possible as
long as we can generate the timing diagram
shown in the right

SPI_CLK

SPI_L/R

SPI_LATCH

>

SPI Sequence 3 >

STIM_CLK
(60kHz)

< SPI Sequence 1 >< SPI Sequence 2

STIM_EN

......................................

STIM_START ”

o ——tar

53 STIM with ™
1y SPISeq 1

—_——

-~

S /7 STIMwith s

Y SPISeq2

A
|

STIM_CHB

——

1 T

| \ /i :

A ;

\\ 7 :1ms:

s SRt 3
L i
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