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What is bsg_tag?

A silicon-proven, minimal, fast and flexible bus for chip configuration

A powerful abstraction for reaching into your chip and setting registers 
while the chip is running, no matter the clock domain

A reliable methodology for static configuration, reset sequences, and 
dynamic mode switching

bsg_tag



bsg_tag is part of BaseJump STL

Free + open-source Standard Template Library for hardware design

Download here: https://github.com/bespoke-silicon-group/basejump_stl/tree/master

As seen at Latchup Portland 2019

https://github.com/bespoke-silicon-group/basejump_stl/tree/master


Accelerating the creation of discrete accelerators

BaseJump Socket:
Standardized IO Padring
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BaseJump STL:
Standard Template

Library
For SystemVerilog

 [DAC 2018]
BaseJump Socket:
Standardized BGA 

Package

BaseJump:
Open FPGA
Firmware

You Do This Part
ZedBoard:

Arm Core + Xilinx IP

Click!!!

BASEJUMP: A Fully Open-Source ASIC Stack

BaseJump: Open Source DNA For ASICs

http://bjump.org

bsg_tag (this talk)



Configuration registers are pervasive

IP blocks require extensive user configuration

● Reset, mode switching, clock/power management
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Error, disable!
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Configuration registers are pervasive

IP blocks require extensive user configuration

● Reset, mode switching, clock/power management

Replicated hierarchical blocks require external configuration to differentiate

● Coordinates for multicore tiles
● IDs and modes for heterogeneous designs

Prototype chips require “chicken bits” for enabling/disabling non-crucial features

● Test out new features without interfering with essential design
● Isolate bugs to certain subsystems

my_block

my_block
cord = (0,0)

cord = (0,1)

mode = A

mode = B
Error, disable!
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Unknowns in bringup board and ASIC interaction 

● Path from I/O driver, bond wire, through package, over pcb, through receiver package…
● Characterization of N=1 ASICs extremely difficult
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ASIC bringup has unique challenges

Unknowns in bringup board and ASIC interaction 

● Path from I/O driver, bond wire, through package, over pcb, through receiver package…
● Characterization of N=1 ASICs extremely difficult

Bootstrapping problem of configuring registers before clock bringup

● Need a method of reliable sequencing
● Reset sequencing is common source of verification bugs during GLS – chip killers!

Cannot rely on _any_ powerup state

● Upon power on, there is no “if (reset_i)” or “initial” to set 0s
● Could get “lucky” and have all clocks come up at full speed!

○ Good for benchmarking, bad for having your chip not melt



Why not a “naive” configuration bus?

address
data

valid
???
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Naive configuration schemes have challenges

    Foo 
Configuration

ABP 
Bus

Clock GenClock Gen 
Configuration

    Foo

Bringup Board ASIC    Bar 
Configuration

Multi-protocol problem!



Metrics for a minimal configuration system

Use very few pins

● Signal pins are very expensive in power and area
● Die area grows quadratically for linearly increasing pin count
● MPW runs can restrict useable GPIO pins

High convenience and robustness

● For prototype chips, never sure what will work out of box
● Need a “ground truth” functionality to bring up other features

High bandwidth per pin

● Even prototype chips can have thousands of registers, need to scale
● Configuration sequences of a few milliseconds can takes hours in GLS



bsg_tag

2/3-wire interface (clk, data, optional en)

Fully source-synchronous operation

Standard protocol layer allowing high level of abstraction

Highly scalable, distributed master-client architecture 

Handles static and synchronous configuration across clock domains

Up to 400 MHz operation

● Limited by practical I/O pad bandwidth
bsg_tag



bsg_tag system architecture



Aside: system-synchronous vs source-synchronous

Typical for on-chip communication

Engineering effort (STA) ensures that clock arrives at same time

Send-Receive delay must be fixed number of cycles (typically <=1)

Sensitive to local process-voltage-temperature (PVT) variation

Typical for off-chip communication

Sender sends clock with data, system designer matches clock/data 
paths

Send-Receive delay can be any number of cycles, multiple bits in transit

Resistant to local process-voltage-temperature (PVT) variation



Basic bsg_tag architecture

Sender Chip

internal clock

Receiver Chip (ASIC)

bsg_tag_master

bsg_tag_client 0

Logic block

Logic block

bsg_tag_client 1

bsg_tag_client 2

Sender chip sends clk, data to ASIC

bsg_tag_master generates individual client tag lines

bsg_tag_client receives data and synchronizes locally

BA C

Center alignment in sender makes receiving trivial

clk

data



Scaling the bsg_tag architecture to multiple IP blocks

Sender Chip

internal clock

Receiver Chip (ASIC)

   bsg_tag_master_decentralized
     (clients 0-2)

bsg_tag_client 0

Logic block

Logic block

bsg_tag_client 1

bsg_tag_client 2

   bsg_tag_master_decentralized
   (clients 3) Logic block

bsg_tag_client 3

Sender chip sends clk, data to ASIC
bsg_tag_master_decentralized filters to a local set of  
bsg_tag_clients



Scaling the bsg_tag architecture to multiple Chiplets

Sender Chip

Chiplet 0

Chiplet 1

Chiplet 2

Chiplet 3

IP0
IP0

M
M

IP0
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c
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IP1
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IP1
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IP2
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IP0
M

c
c
cIP0
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Sender chip sends clk, data to ASICs

enable signal filters signals to individual chiplets

bsg_tag_master_decentralized filters to local set 
of  bsg_tag_clients



bsg_tag components

bsg_tag



bsg_tag_master

bsg_tag_master

header

tag_clk

tag_data
clk
op

en

clk
op

en

Tag Client 0

Tag Client N

zero 
counter

tag_en

reset

Reset by sending stream of 0s

Send commands to each client 

Global out-of-band enable signal 

  command
  counter  

param

param



bsg_tag_master_decentralized

bsg_tag_master_decentralized

header

tag_clk

tag_data
clk
op

en

clk
op

en

Tag Client 0

Tag Client N

zero 
counter

tag_en

reset

Same functionality as bsg_tag_master

Additionally filters messages to local set 
of tag clients

  command
  counter  

param

param

filter



Tag master format
// Usage: send a stream of 0's to reset master node and/or noop.

// Then, send a single <1> followed by a packet:

//        < id >       < data_not_reset > < payload length >             < payload >

// ****************************************************************************

// $clog2(els_p+1)      1        $clog2(max_payload_length+1)  (variable size)

//

// To reset client nodes, set data_not_reset to 0, and payload to 1's.



Tag client format
  typedef struct packed {

     logic clk;

                  //  op param

     logic op;    //   1   D   shift D

     logic param; //   0   0   nop (also "send", immediately            

                                    after shift operation)

                  //   0   1   reset

     logic en;    // this signal disables thru-transmit of new 

                     values

} bsg_tag_s;

// RESET SEMANTICS

//

// * NORMAL USAGE

//

// 0. wire bsg_tag_i.en high

// 1. assert reset on the send side of the module for 

at least one cycle (via bsg_tag_i)

// 2. clock the send side for one cycle.

// 3. clock the recv side for several cycles (for 

values to flush through synchronizers)

// 5. after resets are dropped, optionally start 

updating values on bsg_tag_s bus.



bsg_tag_client_unsync

bsg_tag_client_unsync

tag_clk

tag_param

No concept of local address

Shift in data asynchronously

Useful for static before-reset or 
before-clock configuration

0 0 0 0
1 0 0 0
1 1 0 0
0 1 1 0

1

1

0

0

0 0 1 1

Intermediate patterns can cause 
glitches at runtime

data_async_r

tag_op

en en en



bsg_tag_client

tag_clk

tag_param

tag_op

en en en

bsg_tag_client

Atomically set data values without 
intermediates

Useful for run-time configuration registers

No matter the recv clock domain

recv_data data_r

recv_clk

recv_new

synchronizer

0 0 0 0
1 0 0 0
1 1 0 0
0 1 1 0

1

1

0

0

0 0 1 1
recv_new

0011

0000

receiver sees atomic change

idle



bsg_tag abstraction

100110101010



Can easily build upon bsg_tag 

Able to build complex systems out of basic primitives

Can construct fine-grained sequences of operations automatically

With a few pins, you can reach inside your chip and set any register while the chip 

is running, no matter the receiving clock domain



Building a Verilog register abstraction 
   typedef struct packed

 {

   bsg_tag_s osc_trigger;

   bsg_tag_s osc;

   bsg_tag_s async_reset;

 }  bsg_clk_gen_pearl_tag_lines_s;

   typedef struct packed

 {

   bsg_tag_s global_x;

   bsg_tag_s global_y;

   bsg_tag_s core_reset;

   bsg_clk_gen_pearl_tag_lines_s clk_gen;

 }  bsg_core_pearl_tag_lines_s;

 

//typedef struct packed {

 //  bsg_core_pearl_tag_lines_s    core1;

 //  bsg_core_pearl_tag_lines_s    core0;

 //  bsg_clk_gen_pearl_tag_lines_s clk_gen1;

 //  bsg_clk_gen_pearl_tag_lines_s clk_gen0;

 //} bsg_chip_black_tag_lines_s;

Build collections of tag lines for modules, subcomponents or entire IP blocks

Assemble these collections into a global tag address space

Distributed tag masters only pay overheads for local tag clients



Easy Verilog integration
 bsg_chip_tag_lines_s tag_lines_lo;

 bsg_tag_master_decentralized

  #(.els_p(tag_num_clients_gp)

    ,.local_els_p(tag_local_els_gp)

    ,.lg_width_p(tag_lg_max_payload_width_gp)

   )

  btm

   // Two-wire interface

   (.clk_i(tag_clk_i)

    ,.data_i(tag_data_i)

    // Differentiates between different tag masters

    ,.node_id_offset_i(tag_node_id_offset_i)

       // One line per local client

    ,.clients_o(tag_lines_lo)

    );

 logic async_reset_lo;

 bsg_tag_client_unsync

  #(.width_p(1))

  btc_async_reset

   (.bsg_tag_i(tag_lines_lo.async_reset)

    ,.data_async_r_o(async_reset_lo)

    );

 logic [7:0] sync_cord_lo;

 bsg_tag_client

  #(.width_p(8))

  btc_sync_reset

   (.bsg_tag_i(tag_lines_lo.sync_cord)

    ,.recv_clk_i(core_clk_lo)

    ,.recv_new_r_o()

    ,.recv_data_r_o(sync_cord_lo)

    );

1 2

3



Bitbang implementation
  // Tag bitbang

  bsg_tag_bitbang

   bb

    (.clk_i(clk_i)

     ,.reset_i(reset_i)

     ,.data_i(bb_data_li)

     ,.v_i(bb_v_li)

     ,.ready_and_o(bb_ready_and_lo)

     ,.tag_clk_r_o(tag_clk_r_lo)

     ,.tag_data_r_o(tag_data_r_lo)

     );

/*

* This module takes 1 bit of data and sends it out along with a clock pulse.

*

* When this module receives a bit, tag_clk_r_o becomes low and the

*   received data is put on tag_data_r_o on the current cycle. On next cycle,

*   tag_clk_r_o will become high and generate a positive clock edge. The clock

*   signal will remain high until the next data comes in.

*

*                -----+

* v_i:                |

*                     +-----------------------------

*

*                     +-----+     +-----+     +-----

* clk_i:              |     |     |     |     |

*                -----+     +-----+     +-----+

*

*                -----+           +-----------------

* tag_clk_r_o:        |           |

*                     +-----------+

*

*                     +-----------------------+

* tag_data_r_o:       |                       |

*                -----+                       +-----

*

* One use case is to write sequence of data from software through bsg_tag_bitbang

*   to bsg tag master. This eliminates the need of dedicated hardware, like a ROM

*   and a tag trace replay module.

*

*/    Drive the sender chip tag bus via simple MMIO



Building a software layer in Python
  class BsgChipTagClients:

def __init__(self):

self.my_chip = Object()

self.my_chip.clk_gen0 = Object()

self.my_chip.clk_gen1 = Object()

self.my_chip.core0 = Object()

self.my_chip.core1 = Object()

i = 0

self.my_chip.clk_gen0.async_reset    = (i, 1 ); i+=1

self.my_chip.clk_gen0.osc            = (i, 6 ); i+=6

self.my_chip.clk_gen0.osc_trigger    = (i, 1 ); i+=1

self.my_chip.clk_gen1.async_reset    = (i, 1 ); i+=1

self.my_chip.clk_gen1.osc            = (i, 6 ); i+=6

self.my_chip.clk_gen1.osc_trigger    = (i, 1 ); i+=1

self.my_chip.core0.core_reset        = (i, 1 ); i+=1

self.my_chip.core0.global_x          = (i, 6 ); i+=6

self.my_chip.core0.global_y          = (i, 6 ); i+=6

self.my_chip.core1.core_reset        = (i, 1 ); i+=1

self.my_chip.core1.global_x          = (i, 6 ); i+=6

self.my_chip.core1.global_y          = (i, 6 ); i+=6



Using Python to raise the abstraction
def init_clk_gen_pearl(self, clk):

 # reset oscillator flops

self.send(clk.async_reset, 1)

# set oscillator value

self.send(clk.osc, 5)

 # trigger oscillator value

self.send(clk.osc_trigger, 1)

self.send(clk.osc_trigger, 0)

def main():

tg = BsgChipTagTraceGen()

tc = BsgChipTagClients()

tg.reset_recurse(tc.my_chip)

tg.set_client(tc.my_chip.core.core_reset, 0)

tg.init_clk_gen_pearl(tc.my_chip.clk_gen0)

tg.init_clk_gen_pearl(tc.my_chip.clk_gen1)

tg.set_client(tc.my_chip.core.core_reset, 1)
Can easily build subroutines to automate 
common configuration sequences

Can be scripted or run interactively

1001…

init_clk_gen()

set_client()



Adopting bsg_tag

bsg_tag



bsg_tag is a full stack configuration system

I2C/SMBUS

● 2-wire bus (SDA, SCL)
● Multi-master operation, using pull-up resistors to 

arbitrate
● Individual ACK/NACK per byte
● Difficulty scaling up number of clients past 128
● Up to 5 MHz operation

SPI

● 3/4-wire bus (SCLK, CEN, MOSI, optional MISO)
● Cycle-accuracy + Frame-level synchronization
● No standard protocol layer (clients dictate how bits 

are interpreted)
● Up to 75 MHz operation

bsg_tag

● 2/3-wire interface (clk, data, optional en)
● Fully source-synchronous
● No frame-level synchronization
● Standard, flexible protocol layer
● Scalable master-client architecture
● Fully handles CDC at any freq
● Up to 400 MHz operation
● Higher performance and higher 

abstraction than alternatives 

bsg_tag



The future of bsg_tag is virality

More tapeouts! (Academic and industry)

180nm, 40nm, 28nm, 16nm, 12nm… Sky130 next?

More FPGA builds!

Pynq Z2 and Ultra96v2 … Lattice next?

Further software and driver support!

Python and C++ APIs … UVM or CocoTB integration next?

SystemRDL generation of SystemVerilog, Python, C++ packages

Reusable layers but handwritten headers … Generate it all next?



Configuration performance leads to higher quality

Extremely high risk configuration that bus failure can brick a subsystem

FPGA emulation, RTL or synthesis netlists do not provide accurate reset semantics

10,000 configuration bits * 10x overhead / 1 MHz * 100000 slowdown = 2.5 hr

10,000 configuration bits * 10x overhead / 100 MHz * 100000 slowdown= 15 minutes

10,000 configuration bits * 10x overhead / 400 MHz * 100000 slowdown = 3.75 minutes

ASIC FPGA 
Emulation RTL APR GLS Annotated 

GLS

10x 10x 10x 10x

Slower, more accurate sims

Synth GLS

10x
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Thank you!

https://github.com/bespoke-silicon-group/basejump_stl/Find bsg_tag at:

http://bjump.org/Find open-source ASIC IP from PCB to RTL at:

http://bsg.ai/For more information about BSG:

Curious about bsg_tag, open-source ASICs, ( or RISC-V multicores ) ;)?

Reach out to me (Dan Petrisko) at: petrisko@cs.washington.edu

https://github.com/bespoke-silicon-group/basejump_stl/tree/master/bsg_misc
http://bjump.org/
http://bsg.ai/


**** Graveyard ****



bsg_tag_client_unsync

bsg_tag_client_unsync

tag_clk

tag_op

tag_param

No concept of local address

Shift in data asynchronously

Useful for static before-reset or 
before-clock configuration

data_r{param_r, data_r[width-1:1]}

0 0 0 0
1 0 0 0
1 1 0 0
0 1 1 0

1

1

0

0

0 0 1 1

Intermediate patterns can cause 
glitches at runtime

data_async_r



bsg_tag_client

bsg_tag_client

tag_clk

tag_op

tag_param

Atomically set data values without 
intermediates

Useful for run-time configuration registers

No matter the recv clock domain

data_r{param_r, data_r[width-1:1]}

recv_data data_r

recv_clk

recv_new

synchronizer


