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Precision measurement unit circuit design for IC testing

Xia Jin
(School of Microelectronics, Hefei University of Technology, Hefei 230009, China)

Liu Shixing Li Hang Li Bangjin Liang Huaguo

Abstract: With the rapid development of the integrated circuit industry, higher requirements are put forward for
integrated circuit testing, and the Precision Measurement Unit is the core unit for integrated circuit DC parameter
testing. A PMU circuit for integrated circuit testing is designed in this paper, which uses a Field-Programmable Gate
Array to control the DAC module to apply voltage excitation. The excitation signal after the PI regulator and power
amplification is applied to the Device Under Test through the resistor matching network, Then, the ADC module reads
back the test response data to realize the parameter testing functions such as applying voltage to measure current and
applying current to measure voltage. The designed PMU circuit has the advantages of wide test range and high
measurement accuracy. with an applied or measured voltage range of —10 V to +15 V and a maximum current of
+1.838 A. The system performance in different test modes was calibrated and functionally verified with high-precision
resistive loads, and the experimental results show that the system calibrated test error is better than 0. 05% , which is
able to meet the requirements of DC parameter testing of general-purpose integrated circuits.
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Fig. 2 PMU module circuit diagram
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13 K5 & 11110.5  £82.7 pA
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17 L K1 F4& 0.5 +1.838 A

2.3 PMUHE V/I Ih&E EDA i E

1) i o e A4S 2

SPANTE E1.E2 #9XF AH R S 4k (B B 1 V #47 EDA fij
LR A3 AT P S ] 670 288 e o v, G 0 97 28 Pl 9

W 3¢ F (b BiR  FEAH R 8T E1 £9R E2 £
JEH A5 R 5T — B, WE 3O M D FR, LLEL,
E2 R4EL 3 V.6 V R, 43 B it fin A [m) £ 2% 14 o o ks
B U 5 {H , HF HRB A% TE 00 i B 0 . BT 3 RT LA
Fi EL £ 690 ps i i R X B B A5 B 99% . E2 A%
2. 36 ms i EIR B HARIY 99% .

2) il Jin e YA =X

TE RGN A R L A0 4Ca) 20 BT 11~17 35 7 4
T AL 57 F A 7] 670 28t Jon AR Rz A 437 i K TE AL L P A (D) 4
RGN e /N S SR . 17 R4 AE 453 us A B H AR
B 99% . 11 #4976 147 us BFIK B H bR i 59 99% . A
TR0 [ N A N R E e N i = SN R ]
B 4D iR, SEBmHrds R —5.

3 BENERTERKEEET

PMU HL B &4 R H Xilinx 28 FPGA G5 515 8 F 5
il % . 8 Verilog HDL B {4 3R i 5w #2 . SCBLXT DAC,
ADC A5 B (1 3R 3 LA K KA 56 4k B 2% 1 2 3

PMU Hi #1845 5 I FE B AN 5 TR . FPGA 484
il 4 H 28 V) A . T AEARES ; Bl ' DAC Ry 45 il iy, 3 1
BHE B ARGE 1H  A DAC B8, H AR 17 09 985

v
Vo mms vV
v

i3
i
V. A

. %ﬂu-l V

v
v
-3 v

v
v
v
v
Y p
z 2V 2 50
i o ;
& R T ——
SE R
210 S e
5 0 1 2 3 4 5
I 18] /ms
(2) EIRY4FRE1 VN H R (b) E2RS4F IR 1 Via N o R
(a) Apply voltage at 1 V (b) Apply voltage at 1 V
intervals in the E1 level intervals in the E2 level
-+ R=105 - R=205 - R=305
30 . R=405 - R=505 60
25 Re605 - R=705 * R=805 50 _- ': Eig: " s + R=305
é 20 C RS ke § 40 RG0S - R=705 - R=805
‘g 15k Mf; 30 ! R=905 + R=1000
FL0p o 0L .
SEidiiiiiiiiiiiiii W0r i g b i
0 oF
0 1 2 3 4 5 0 1 2 3 4 5
i &) /ms fif /&) /ms
(c) B1RS#i H3 Vil S8R (d) E2R4% 6 VAl 18

(c) El-level output 3 V with loads

(d) E2-level output 6 V with loads

P03 it o e T 7 B4 R
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Fig. 4 Current applied circuit simulation results
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Table 2 Measured data before calibration at =5 V

voltage level

BUER M/ VO SEBRE I/ VO XTERE/V O R RE X
—5 —4.93951  0.060 49 0.604 9
—4 —3.950 32 0.049 68 0.496 8
-3 —2.964 15  0.035 85 0.358 5
—2 —1.977 28 0.022 72 0.227 2
-1 —0.98131  0.018 69 0.186 9

0 0.001 31 0.0013 1 0.013 1

1 0.98824  —0.01176 —0.117 6
2 1.982 95  —0.017 05 —0.170 5
3 2.96512  —0.034 88 —0.348 8
4 3.95819  —0.041 81 —0.4181
5 4.944 32 —0.055 68 —0.556 8

BT AR AE

X% 2 L iR 22 AT LA S5 SR’ 10 BT
RLPARER R 0.9957, B RIFRILRIMERE . 78X f et
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Fig. 10  Uncalibrated absolute error for =5 V voltage level
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Table 3 Measured data after calibration at =5 V voltage level

AT 11 45 A o iy 00 e 50 0 4 %o 30 22 R R o i ) -
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Fig. 11 Output error before and after calibration of 5 V

voltage level
A4 ARG R FF 15 25 B0 L MRS 1Y e AR R
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Table 4 Error data after calibration of each level

(EfA RARAEXBRE  WERRZE/X%
+5V 0.003 33 V 0.033 3
—10~+15V 0.009 8 V 0.039 2
+827 nA 0.52 nA 0.031 4
+8.27 pA 0.007 26 pA 0.043 9
1£82.7 pA 0.040 6 pA 0.024 5
+£827 pA 0. 632 pA 0.038 2
+8.31 mA 0.007 82 mA 0.047 1
+87.5 mA 0.068 3 mA 0.039 0
+1.838 A 0.008 A 0.217 6

W/ VO EERmL /Y AxRE/V O EERIRE/ Y

—5 —5.000 61  —0.000 61 —0.006 1
—4 —3.999 83 0.000 17 0.001 7
—3 —3.001 08  —0.001 08 —0.010 8
—2 —2.00252 —0.002 52 —0.025 2
—1 —0.997 91 0.002 09 0.020 9
0 —0.001 8  —0.001 86 —0.018 6
1 0.996 67  —0.003 33 —0.033 3
2 2.003 02 0.003 02 0.030 2
3 2.996 72 —0.003 28 —0.032 8
4 4.001 42 0.001 42 0.014 2
5 4.999 23 —0.000 77 —0.007 7

5 AR ZE AP I 2R G 0 A 26 2 80, 7 L T I
Rl A SO B 31 H 8 HL A S 3 08 A8 35, i DL 3k R 9 e K
+1.838 A WYl 7E RS B b, AR T SCmRL6 A SCik[9 1 &
A YRR R M A T SRk C8 AR M RS A T oA
4 B TG
x5 BEXEMWKRFEHXSH

Table 5 Parameters related to similar test systems
MRS H e/ H i 90 [ W
SCHRC6] 40 V/x1 A 0.4%/0.3%
kL8] +20 V/£80 mA 0.03%/0.1%
SCHKL9] +20 V/£500 mA 0.5%/0.1%
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e 7/ Q LEEDA TR n 4 52 B {8 MI/MV

499 +5V —3V —2.9987V —6.009 1 mA
FVMI 499 +5V 5V 5.0011 V 10.021 8 mA

499 —10~+15V 12V 11.9971 V 24.042 2 mA

199 +82.7 pA 50 pA 49. 982 pA 24,944 mV
FIMV 49.9 +8.31 mA 5 mA 4.997 6 mA 249. 421 mV

49.9 +1.838 A 50 mA 49.976 8 mA 2.494 3V
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