A 130nm Canary SRAM for SRAM Dynamic Write V,, Tracking across Voltage, Frequency, and Temperature Variations

Arijit Banerjee, Jacob Breiholz and Benton H. Calhoun Y NMRGINIA.

University of Virginia, Charlottesville, VA

Introduction Block Diagram of the Test Chip

MOTIVATION . . . .
| | TESTCHIP SUB-BLOCKS " This work showcases the first silicon results supporting that a canary SRAM can track SRAM
" Dynamic voltage and frequency scaling (DVFS) lowers supply voltage = A 8Kb SRAM dynamic write V,,, USiNg reverse assists
and reduces energy per operation and boosts performance In need In = A519b canary SRAM
system on chips (SoCs) y > -
. . _ - - " An SRAM BIST (MBIST - Wordline i
" Device scaling and process variation limits the SRAM minimum ( ) F > i _-" canary four Fows 1eft | “pyjyey | Canary four rows right
. ]
operating voltage (V) A canary BIST (CBIST) e CANARY BIST (CBIST) |7 2 e CA”ay —
. . . . N i Scan out, anary anary Ig
" Hard to lower overall SoC V,,, sharing the same rail with logic and Scan chains / 5/\8 = || g | |Interface| 2 =" Ge g canary /O left ID Array| ¢ ontrl Array
. " et — I = J
SRAM which creates a bottle neck Global mux (GMUX) , ’ IR o 8| signals D, etc. to = = 4 T > emmemeromm —
PRIOR WORKS L, EHEIEIE 5 || Interface| = @) GMUX | _ = = Preb C—— " BL[3:0] || BLB[3:0]
Saabilll Aol <}  _sigrials S - T < / | = %Y | Column |Precharge
. . . . A e .
" Peripheral assists and dual-rail techniques can lower the V,,, at the cost Canary SRAM : ,2 g-;;’!?' S (o |Bld 0 = Vg /O Logic -
_ 0
of energy and area —a = @3 vad Vg ||_—b\ S
_ _ @ = = Preb - _ '{; / Col N x
" Canary SRAMs can track SRAM V,, In theory with lower overhead for Core SRAM >‘Z|’ = % [Blbd = Pﬁ_lg ‘A\Bld / Mux 4 /=
. Py = —
bigger SRAMSs A = ﬁterfaee (ﬂ 1 \ 2t m ] Write Driver | | Rd Precharge
= Scan Chains . ol E||o g 5| Scanin, LWL 3 D\ g\ e\ Sense
" Track SRAM V,, with variation in voltage, frequency, temperature (VFT) - = 4" S|l B||EF||! nterfacel 2| global Bld[;|b_ Leibd M D7 Amplifire
. . . . < ST rom Wren— i | H>o—1>>-D
" Avoid the cost associated with the design for the worst case methodology Wohihiloles a1 s RmiRSR AN SRAMBIST (MBIST) C =| GMUX 1 vss v Dbar bout

Results for Tracking SRAM Dynamic Write V,,,, using Canary

Inbuilt Testing Circuitry and Test Setup

TESTING CIRCUITRY TEST SETUP

SRAM with Reverse Assists

e - " With the same wordline O
- Bunt-lr_\ seh_‘-test fo_r SRAI\/I and canary to C_haracterlze " Scan chain loads a known word to initialize the ype reverse write assist 5 10
the write failures with assists and reverse assists SRAM: then it loads the inverted word and writes (WLVRA). SRAM and T
® Scan chain loads a known word in the BIST to write it to and reads all words for comparison using the canary start failing near 2
the SRAM or canary SRAM, and reads back to compare BIST 0.4V WLVRA = 5 in
and calculate the number of write failures " We vary the BLVRA and WLVRA voltages and « Adding  bitine  type ; 10 ‘
Signals to and from the Canary SRAM measure the write ‘0" and ‘1’ failures using the reverse assist (BLVRA) = b
A | A —— ‘ -gl WrRd SRAM BIST across VFT conditions fails the canary before @ i
. ||Doutf31:0] S o the SRAM starts to falil ‘5 _ * SRAM falils below WLVRA=0.35V _
% ?5 Bitwise XOR (BXOR) ———1 0 _ _ all i
Sa [ xorougara 0| S Observing canary 0.5 . 0.3 0.2 0.1 0
S Bit Adder (BA) 5 S failures, we can turn on WLVRA or BLVRA (V)
2 Usitaddiso] i 8 | €|, a negative bitline assist
@ [git Error Accumulator (BEA) 4.; o |« (NBL) in SRAM to make =@ = Canary fixed WLVRA=0.35V and varying BLVRA Wr( === Canary fixed WLVRA=
(cngx UB'tE o Z it more robust 032V and varying BLVEA Wr1 ==fll= Canary varying WLVRA WrQ Canary varying
of, itErr[9: E r= | |
ggl ‘ e — = = SRAM write VA WLVRA Wr1 wmi = SRAM varying WLVRA W0 € SRAM wa.r“_n,mg WLUR& W *-
% (%% mihio0] \Comparator (WEC)/ % tracking depends on SRAMfixed NBL assistandvarying WLVRA WO g SRAM fixed NBL assist and varying
e-\i L_C_B_c_e__}gf_q ________ f NN _ — canary failure response WLVRAWr
| Canary BIST (CBIST) e AN w0 S [ with  reverse assists o - -
. . — N L Probability of write failure vs. WLVRA or BLVRA at 0.9V _24C 100MHz
Feedback G | t ble or disable NBL t b NN . N L " _ _
eeapac e signal to eSnIgAl\e/l or disable assist In \ N N \\u ' ..\f-.'.,":‘ﬂ _. Sy ~ aCross VFT COndItIOnS

Canary Failure Response with Reverse Assists across Voltage, Frequency and Temperature

jati nclusion
Variations Conclusio

g e g g N St o 0 ” 2 £ o W 0 First silicon results showing that we can track SRAM
= 400+ @ . = 400 2 i 11 = 400+ = 400 © = 4000 o I = 400 o - - -
& cE2) P d fc g ! + S Vanishing ' 3 Vanishing = =5 2 I " = S F wrlte Vi Using canaries a_nd take a necessary
= g';% J--1_15 = IS 1 1, *g range —- § range and > E py > S=d--¥> E 5 |<_!J_>| action, such as turning on assist for the SRAM
2200055>% & & 2 200 =, €TTmRT -- Z 200 Z 200 Dbroken == 200055 _2 784 Z 200/ > N . . .
5 =£5p ff 5 g: [ i L g 5 5 trend 5 SEE 5 ‘h 5 E ' " Canary SRAM failure rate varies with amount of
= =02 S 3 *; ‘;I J > , M = ; u:? Z M oz = "~ | reverse assist for BLVRA and WLVRA

OW ' H‘« | ' | R ' 0. ) 0.4 0.5 02 03 O 0.5 .

0.7 027703 04 01 02% 03 04 0 S 94 05 02 03 04 05 WLVRA (V) WLVRA (V) " BLVRA can track VFT variations; however, WLVRA

WLVRA (V) WLVRA (V) WLVRA (V) WLVRA (V) C e C .
g (b) (a) (a) IS limited to track voltage and temperature variations
d y

o M A L7 4 sy A P ) pp— . -, only
= = | © = D : = -2 = 400- 2 = = 400 - ¢ .
5 400 1T b leo. - 5400 ‘7( I 12 402 ¢ T s 9 8 £ S5 %* y g g ’ " Voltage type reverse assists, BLVRA and WLVRA
L I | 1328 g X 3 I E L 323 ;4 £ = i © O %-ﬂ-‘é = Siel_ have limitations in tuning range
= —————F=®0 5 = (] 1’ 0 o D€-rd-d- S 500, < | 220 55 _8p 1 = 200 ¢ €
20 A jH55> Z 200 L B2 2200 SS= " . - Z 2000 = 5 =Egch . 5 =)
° - aTEE O Ly 5 - s=E S| - S S '-'-"’39" S N :
@) ' WL o = @) I.. [ a % L »n = N n CZD a [ Z OM _ _ Z O—w I I
S - S s - 0 - 0% o5 0. . 0.4 0.5 0.2 . 04 05

0. . 03 04 0.1 0. 0. 0.4 0. ' 4 0.5 ' 1L VRA (V ' BLVRA (V) BLVRA (V)

BLVRA (V) BLVRA (V) BLVRA (V) (V) (©) (d)
() (d) (c) (d)
== () OV =pum ()3 == 7V mmmm(0V W0 4 09V Wrf = {)0\Hz e 50)IHz wffpm 25[|Hz w— o 1000HZ W0 4§ 100MHzZ_Wr1 == 140C ==pm 27C mfpm 35C = m m40C_Wr0 4 m40C_Wi Improving the tuning range of the reverse assist for the
== 038/ Wr0 A 0.8V _Wri *- 0.7V_Wr0 0.7V_Wr1 el = 500Hz Wr0 A 50MHz_ Wi *- 25MHz Wil 25MHz Wi =f=27C Wr0 & 27C Wr1 *- §2C_Wr0 85C_Wr1 ease of tu nability
Number of write failures vs. reverse assists across voltage: Number of write failures vs. reverse assist across frequency: Number of write failures vs. reverse assist across temperature: " Circult design of reverse assist for least overhead In
(a), (c) are simulated and (b) and (d) are measured (24C _100MHz) (a), (c) are simulated and (b) and (d) are measured (0.9V_24C) (a), (c) are simulated and (b) and (d) are measured (0.9V_100MHz) SRAMS




