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Abstract 

Advanced System on Chip (SoC) 

devices for space applications require 

very high reliability and quality, while 

maintaining high performance. They 

require high integration level, high 

speed, and immunity to all radiation 

effects. Protecting against soft errors 

leads to an increased number of 

memory bits, increased gate count and 

die size and higher power. On top of 

that, the need for high quality by high 

test coverage requires special 

testability features like SCAN, and 

extensive memory access.  

The use of Iddq testing provides 

significant improvement of test 

coverage, forcing some design 

restrictions. It provides additional test 

coverage, beyond the coverage of 

conventional tests and without 

stressing the devices. The production 

test includes also high voltage stress 

(HVS) procedure that stresses some of 

the failure mechanisms. By comparing 

Iddq before and after the HVS, it is 

possible to detect degradation at early 

stage, even before the functional 

failure has developed, which makes it 

efficient screening method.  

The methodology for covering 

almost all failure mechanisms in the 

SRAMs is based on internal testability 

features and on test patterns based on 

MARCH-C algorithm. 

The key concepts employed for 

testing of some rad-hard space SoC 

devices are described in this paper. 

Introduction 

Space products should have very 

high quality level, reliability and 

immunity to all radiation effects. 

Testing considerations should be 

applied at all levels of the development 

phases, from architecture level, circuit 

level, physical design to test software 

and hardware development. Testing 

should cover almost all internal nodes 

and almost all potential failure 

mechanisms.  

RadSafe™ technology, provides 

very high immunity to all radiation 

effects and reliability concerns 0. The 

library includes standard cells, SRAM 

modules, all-digital DLL and I/O cells. 

The technology was proven on several 

test chips, demonstrating TID 

immunity in excess of 300Krad and 

SEL above 80MeV. Wherever 

necessary, the cores and logic cells 

include testability functions, like flip-

flops with SCAN and SRAMs with 

internal test modes.  

These methodologies are employed 

in GR712RC and JPIC SoCs, which 

have recently been introduced (Figure 

1). Each SoC integrates about 35 

million transistors on a die size of 

12x12mm
2
. JPIC employs 224 SRAM 

cores containing ~5Mbits and 

GR712RC includes 108 memory cores 

totaling ~3Mbits. Each SoC uses two 

all-digital DLL cores integrated in the 

logic array. Both SoCs were fabricated 

on the same wafer, using the same 

process (0.18µ CMOS), same cell 

library, and same test methodology and 

equipment for production testing.  
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 Figure 1: Layout of JPIC (left) and GR712RC (right) 

 

Testing is compatible with MIL-

STD-883 TM 5005. Electrical tests are 

done before and after burn-in and 

thermal cycling stress. Same test 

program run at -55/room/130
o
C. All 

electrical parameters are tested at 

extreme specified values. 

The most sensitive circuits on chip 

are the SRAM cores. They occupy 

most of the area, use most of the 

transistors, have a very dense layout, 

and their circuit methodology incurs 

additional failure mechanisms that do 

not exist in a static logic. Special 

attention was paid to cover most of the 

failure mechanisms of SRAM cores. 

These included testability features 

inserted at the circuit level, 

accessibility and observability features 

inserted at the logic level, advanced 

algorithms used for test pattern 

generation, and Iddq tests that 

complemented the coverage [2]. 

All-digital DLL (ADDLL) modules 

are employed for clock frequency 

multiplication and for de-skewing. The 

advantages of using the all-digital 

implementation are: improved 

immunity to noise, parametric 

distribution, and a higher resiliency to 

radiation effects. The fact that ADDLL 

can be stopped at any time simplifies 

the test pattern generation. The zero 

standby current of ADDLL enables 

Iddq testing of this core together with 

the rest of the logic.  

High voltage stress (HVS) is a 

common test method for early 

screening of latent defects, especially 

gate oxide defects and defects in 

dielectrics. The devices are stressed at 

high supply voltage, typically 30% 

above nominal voltage, by running the 

complete set of test patterns. The 

functional tests are performed before 

and after the stress, enabling tracking 

the impact of this stress. Iddq tests are 

done before and after HVS, enabling 

monitoring degradation of quiescent 

current. Such degradation indicates an 

existence of latent defect, which might 

cause a failure after an additional stress 

is applied. Thus, this technique is 

sensitive and effective technique for 

screening latent defects. 

The similarity of the two SoCs also 

simplifies radiation testing. GR712RC, 

which is designed for all space 

environments, will go through the 

complete radiation test flow. JPIC, 

which is targeted for LEO missions 

only, will be qualified without 

radiation testing, relying on the 

similarity to GR712RC and on the fact 

that they were processed on the same 

wafer. 
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Testability features 

Testability features in logic 
Covering the stuck-at failure 

mechanisms in the logic core is done 

by three test methods – SCAN testing, 

high speed testing and Iddq.  

All flip-flops have SCAN inputs. In 

SCAN mode, all flip-flops are 

serialized, enabling controllability by 

SCAN_IN input, and observability by 

SCAN_OUT output. 

Testability features in SRAM cores 
The SRAM cores have been stressed 

by MARCH-C algorithms, which 

cover most of the potential failure 

mechanisms. The tests at extreme 

voltage, temperature and speed provide 

complete test coverage.                                                  

Compatibility with Iddq testing 
Iddq testing is a method of screening 

devices which excess quiescent current 

might be related to defects. It was 

reported [3] that this testing concept 

reduces “test escapes” significantly, 

and enables detection of marginal 

defects that might cause latent failures. 

The Iddq test is effective when static 

current is very low. Special attention 

was paid during circuit design to 

minimize standby current, especially in 

SRAM cores, enabling efficient use of 

this screening method. 

SRAM accessibility logic 

Special SRAM wrappers were 

designed to provide high coverage and 

full accessibility of the SRAMs 

peripheral logic and of the SRAM 

themselves. Along with SCAN testing, 

the SRAM accessibility logic provides 

full coverage of the chip logic and 

memory cores. 

The SRAM wrapper logic is shown in 

Figure 2. The logic supports three 

different operation modes: 

a. Functional mode. In this mode the 

data and control signals DIN, 

WADR/RADR, etc. are connected 

to the memory allowing regular 

read and write operations (with 

error correction by ECC Encoder 

and Decoder). 

b. Scan Mode. In this mode the 

SRAM cores are bypassed. All the 

inputs to the SRAM are combined 

through a multi-bit XOR gate, 

allowing the SRAM peripheral 

logic to be tested by SCAN. The 

only uncovered logic left is the 

core connections and the memory 

cores internal logic. 

c. Memory test mode. In this mode 

the memory cores can be directly 

accessed for write and read, 

through test interface T_DIN, 

T_WADR/T_RADR (control 

signals are not shown; they are 

connected in a similar way). The 

test interface inputs are directly 

driven from the SoC external input 

ports. The output of the test 

interface, T_DOUT, is connected 

to a multiplexer at a higher level of 

the hierarchy, which arbitrates 

outputs from the different memory 

wrappers. The multiplexer is 

controlled by an external address, 

which selects the memory wrapper 

under test. Thus, full access to all 

memory wrappers is provided. 

The wrappers might contain several 

memory cores to enable deeper and 

wider memory configurations than the 

one provided by a single core. The 

T_WADR/T_RADR is chosen to 

match the deepest memory wrapper in 

the design. T_DIN/T_DOUT are 

chosen according to external pinout 

restrictions (in our case 16-bit test data 

bus was employed). When a wider data 

word is required, the test data is 

duplicated at the memory core input 

and is combined using a multi-bit XOR 

gate at the output. To enable direct 

access to each memory core, test logic 

allows reading separately from left and 

right core columns (T_LR_SEL). 
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Thus, the wrapper logic enables direct 

access to each memory core through 

the test interface.  
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Figure 2: SRAM Accessibility Logic 

 

Test pattern generation 

There are several groups of test 

patterns. Each pattern is responsible of 

covering different parameters and 

failure mechanisms. The groups are: 

SCAN patterns: These patterns 

activate the SCAN chains. The patterns 

are generated by ATPG tools, based on 

post layout re-routing [SYNOPSYS 

Tetramax]. These patterns run at low 

frequency and test stuck-at failures of 

most internal random logic gates.  

Memory patterns: These patterns 

provide full stack-at coverage of all 

memory cells, and good coverage of 

most other failure mechanisms on 

memories. The test performs the 

MARCH-C algorithm [4], either by 

activating a memory BIST or dedicated 

interfacing logic, or by activating an 

internal procedure that performs 

similar function. These patterns also 

run at low frequency. 

High speed patterns: These patterns 

check the operation of the chip at 

maximum specified frequency, 

including the timing of I/O buffers. 

These patterns activate the internal 

DLLs, and cover most critical speed 

paths.  

I/O leakage pattern: This pattern sets 

all outputs at tri-state mode. It enables 

measuring the leakage current of all 

inputs and outputs by driving 

VDDIO/GND to each pin, and 

measuring the current. 

I/O parametric patterns: These 

patterns check some parameters of the 

SoC, including VIL, VIH, VOL and 

VOH.  

The memory patterns are also 

employed for Iddq testing. There are 

two sets of patterns, driving 

complementary logic states. The 

breakpoints of the Iddq are set after 

each set of patterns. 

Summary 

We developed a complete test flow 

for RadSafe™ based SoCs. The 

intensive tests, the embedded high 

voltage stress, early screening of latent 

defects by Iddq provide very high 

reliability and quality. The use of 

testability features, complemented by 

methodology for test pattern 

generation, provides very high test 

coverage.  

Complementing these tests with 

radiation tests and screening flow per 

MIL-STD-883 TM 5005, enabled us 

qualifying the GR712RC for Class S – 

space grade component. 
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